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Background: Complex regional pain syndrome (CRPS) is a chronic pain condition characterized by peripheral, central sensory and 
motor dysfunction. Implicit motor imagery is known to be impaired in CRPS patients, but evidence for explicit motor imagery is still 
lacking. Using a self-rated questionnaire, this study aims to compare explicit motor imagery abilities between individuals with CRPS, 
with chronic limb pain (CLP), and healthy controls, and to also examine differences between affected and unaffected limbs. We 
hypothesize that both CRPS and CLP patients will show a decrease in motor imagery abilities compared to healthy controls and in 
their affected limb compared to their own contralateral, unaffected side.
Patients and Methods: In this single-center observational study, 123 participants were recruited (CRPS = 40, chronic limb pain, 
CLP = 40, and healthy individuals = 43). Participants completed the Movement Imagery Questionnaire-Revised Second (MIQ-RS) 
once for each side of the body. The total MIQ-RS score, and the kinesthetic and visual subscores were compared between groups and 
between the affected and unaffected sides.
Results: A high degree of heterogeneity was observed in the explicit motor imagery scores and subscores, regardless of whether the 
participants were healthy or individuals with chronic pain. The MIQ-RS did not reveal any significant differences in explicit motor 
imagery abilities, neither between groups nor between the affected and unaffected side. Bayesian testing of the null hypothesis for 
kinesthetic motor imagery abilities indicated a sevenfold likelihood of no differences between groups and a more than a fivefold 
likelihood of no differences between sides.
Conclusion: Individuals with CRPS and chronic limb pain displayed preserved explicit motor imagery abilities, notably on the pain 
side. The preservation of these abilities supports the recommendation of mental imagery therapy to improve motor function and relieve 
pain in chronic pain patients.
Keywords: chronic pain, MIQ-RS, motor imagery questionnaire, imagery, psychotherapy, Bayes Theorem

Introduction
Complex regional pain syndrome (CRPS) is a rare, debilitating condition that primarily affects a single extremity and is 
characterized by pain that is disproportionate to the injury that originally provoked it.1,2 The International Association for 
the Study of Pain (IASP) classifies CRPS as chronic primary pain in the ICD-11 and suggests that it may also meet the 
criteria for nociplastic pain.3–5 The pathophysiology of CRPS involves complex interactions between immune-mediated 
inflammatory responses, vasomotor changes, genetic factors, psychological components and changes in the nervous 
system. These changes cause sensory, motor, autonomic and trophic dysfunctions1,6 such as allodynia or hyperalgesia, 
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with 63% of patients experiencing a reduction in active movement.7 Sensory and motor dysfunction are associated with 
cortical changes, referred to as maladaptive plasticity.8–10

Engaging patients in active approaches improves motor recovery and promotes brain plasticity.11–13 This has 
motivated the use of motor imagery therapy, alone or in combination with other therapies, to activate motor neural 
networks, and reduce pain associated with physical movement.14 Motor imagery (MI) is a dynamic state in which 
individuals mentally simulate specific actions or gestures without actually performing the movement.15,16 Motor imagery 
training has shown promise in improving function and reducing pain by activating neural pathways similar to those used 
during actual movement execution.11,17,18 Although various theoretical models have proposed explanations for the motor 
imagery phenomenon, such as the motor simulation theory and the effect imagery model, there is no consensus on 
a definitive explanation of the observed effects.19,20

These therapies require patients to imagine their affected side in different modalities, and assessment methods are 
heterogeneous. Implicit motor imagery involves unconscious motor representations that are more related to prospective 
action and decision making in the spatial motor dimension. This type of motor imagery involves the accurate and timely 
identification of the laterality of a body part, often assessed in clinical settings by the Laterality Judgment Task. Explicit 
motor imagery, on the other hand, involves consciously imagining the movement of a body part from either a visual or 
kinesthetic perspective, often assessed in clinical settings by self-report questionnaires.21,22 In addition, previous studies 
have shown that explicit motor imagery may be more sensitive to the cognitive-evaluative and motivational-emotional 
dimensions of pain.23 Previous studies have shown that individuals with chronic musculoskeletal conditions, such as 
patients with chronic limb pain (CLP) or CRPS, have significant deficits in implicit MI compared to healthy controls and 
compared to their own contralateral, unaffected side, using the Laterality Judgment Task.24,25 Patients with both CRPS 
and CLP have demonstrated body perception disturbances, often referred to as the “neglect-like syndrome”.26–28 

However, patients with CRPS appear to have greater severity than those with CLP.29 In addition, patients with CRPS 
differ from those with CLP in that CRPS patients have higher levels of central neuroinflammatory processes and clinical 
pain associated with allodynia and hyperalgesia.30 A previous study by La Touche et al31 showed that patients with 
another very common chronic primary pain condition, such as chronic low back pain (CLBP),32 had reduced perfor
mance on the explicit motor imagery dimension compared to asymptomatic controls.

Implicit and explicit motor imagery activate similar sensorimotor brain regions, as shown by spatial and time- 
frequency electroencephalography analyses.33 However, implicit motor imagery can be performed by inexperienced 
individuals,34 because it involves judging the laterality of the hand or foot, which involves a spatial dimension of the 
participant’s own body as a result of motor behaviors.35 Implicit and explicit motor imagery play an important role in the 
motor learning process. However, authors have suggested that explicit processes may involve higher cognitive demands 
related to the need to store information in working memory.36 Despite growing evidence of the impact of chronic pain on 
sensorimotor processes, explicit motor imagery abilities in people with CRPS are poorly understood.

The aim of this study is to compare explicit motor imagery abilities between CRPS patients, chronic limb pain (CLP) 
patients and healthy controls, and between the affected and unaffected limbs within these groups. Based on the observed 
impairments in implicit motor imagery in patients with chronic pain compared to healthy individuals, we hypothesize that 
CRPS and CLP patients will exhibit specific deficits in explicit motor imagery abilities. Furthermore, we hypothesize that 
both CRPS and CLP patients will show motor imagery impairments in their affected limb compared to their own 
contralateral, unaffected side.

Material and Methods
Design
This was a prospective, single-center, cross-sectional study conducted at the University Hospital of Nîmes (France). The 
study procedures complied with the ethical standards of the competent committee for human experimentation (local 
ethics committee 2020-A02281-38 designated “Comité de Protection des Personnes, Sud Méditérrannée IV” on 8/12/ 
2020) and the Helsinki Declaration of 2013. The study protocol was registered on clinicaltrials.org on 11/01/2021 
(NCT04703348). All individuals received an information letter and informed consent was obtained from all individuals. 
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This paper has been pre-published on ResearchSquare as a preprint: https://www.medrxiv.org/content/10.1101/2023.04. 
02.23288051v4.

Participants and Setting
Individuals with CRPS were recruited at the Department of Pain Medicine (CHU Nîmes, France) between January 2021 
and October 2022. Pain specialists recruited and classified patients based on the Budapest and eligibility criteria. Patients 
with CRPS were affected in either the upper or lower limb and on the dominant or non-dominant side. Healthy 
individuals were recruited through a poster campaign among hospital staff. Patients with chronic limb pain (CLP) 
were recruited and diagnosed at the Department of Physical Medicine and Rehabilitation by specialists in physical 
medicine and rehabilitation. They were included in the study if they had experienced limb pain for more than three 
months due to conditions such as musculoskeletal disorders, chronic post-traumatic pain, or post-operative pain, 
regardless of the underlying cause.

Inclusion criteria were: Age over 18 years, less than 150 minutes of moderate-to-vigorous physical activity per week, 
and education up to high school graduation or equivalent. The physical activity threshold was based on the World Health 
Organization 2020 guidelines.37 Individuals with higher levels of physical activity have been shown to have better motor 
imagery abilities,38 and to avoid potential bias, only participants classified as inactive were recruited. In addition, 
a previous study showed that explicit motor imagery scores were statistically lower in people with higher levels of 
education,39 hence our decision to include individuals with at least a high school diploma. Patients with CRPS had to 
meet the diagnostic criteria set out in the Budapest criteria.4,40 Both CRPS patients and those with chronic limb pain 
needed to have experienced pain for at least three months. In addition, individuals were excluded from the study if they 
met any of the following criteria CRPS secondary to stroke, stellate block performed within three weeks prior to the 
interview, presence of a central neurological disorder, diagnosis of chronic fibromyalgia or low back pain, pregnancy, 
postpartum or lactation, visual impairment that interfered with the use of the MIQ-RS questionnaire, history of limb 
amputation, previous experience with motor imagery practice, or recent psychiatric illness.

To characterize the population age, sex, body mass index (BMI), upper and lower dominant limb, education level, 
pain duration and physical activity level were recorded.

Protocol
After assessing the eligibility criteria and obtaining informed consent by the physician, individuals were asked to 
complete the Movement Imagery Questionnaire - Revised, Second Edition (MIQ-RS) during the consultation. Age, 
weight, height, pain duration and limb dominance (upper and lower) were self-reported. Patients were also asked to 
report their level of physical activity on a three-point scale (less than 1 hour, between 1 and 1.5 hours, and more than 
1.5 hours of moderate to vigorous activity per week) and their level of education on a six-point scale (from high school to 
PhD and beyond).

Due to the Covid-19 pandemic, some individuals (60%) completed the questionnaire via videoconference with an 
investigator. The questionnaires were audio-recorded on REDCap© (online questionnaire).41 All participants completed 
a self-rated questionnaire twice, starting with the right side and then answering the left side, pausing if necessary. The 
session was administered in a single session, with no follow-up. The expected heterogeneity in dominance, laterality and 
upper or lower limb affected did not allow for randomization.

Outcome Measures
The Movement Imagery Questionnaire-Revised, Second Edition (MIQ-RS) was chosen for several reasons: its suitability 
for patients with motor limitations,42 its ability to measure lateralized imagery scores (comparing left and right sides), its 
validation in French,39 and its acceptable reliability and reproducibility.43 Furthermore, this questionnaire has been 
shown to correlate visual and kinesthetic scores with fMRI signals in stroke patients,44 although it has not yet been used 
in patients with CRPS.

The MIQ-RS is a validated self-rated questionnaire for the assessment of explicit motor imagery.42,43 It is a 14-item 
therapist-administered questionnaire in which patients first perform a movement, such as raising the knee, followed by 
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visual and then kinesthetic motor imagery. Patients rate their abilities on a 7-point Likert scale, ranging from “very easy 
to see/feel” (1 point) to “very hard to see/feel” (7 points). The MIQ-RS offers two methods for scoring, as documented in 
the literature: the first method involves the calculation of a total score and two subscores for Kinesthetic Motor Imagery 
(KMI) and Visual Motor Imagery (VMI). The total possible score is 98, with each of the subscores (KMI and VMI) 
having a maximum of 49 points (Rimbert et al, 2019). Alternatively, the score can be derived by taking the mean of the 
responses for the total score and the two subscores on a 7-point Likert scale. There is no official cutoff point for assessing 
explicit motor imagery abilities. However, based on the systematic review by McInnes et al (2016), explicit motor 
imagery abilities were categorized into three levels: unable (scoring less than 48 out of 98), impaired (scoring between 49 
and 73 out of 98), and normal (scoring more than 74 out of 98).

The primary outcome of the study was the characterization of motor imagery (MI) abilities for the three groups of 
participants. Secondary outcomes included differences in total and subscores of the MIQ-RS between the groups and 
differences in scores on the unaffected and affected sides within the CRPS and CLP groups.

No published results for this population were available for sample size calculation. Based on previous research using 
the MIQ-RS in patients with primary chronic pain conditions such as chronic low back pain, where La Touche et al31 

found a minimum between-group effect size of 0.57 for the Visual Motor Imagery subscore. GPower 3.1.9.7 was used to 
calculate the required sample size.45 The use of a t-test analysis between independent groups was based on an alpha risk 
of 0.05 and a power of 0.2. The initial power calculation suggested 33 participants per group with a potential drop-out 
rate of 20%, which was adjusted to 40 participants per group, giving a total of 120 participants required for the study.

Data Analysis
The softwares JASP © and R Studio © were used to perform the statistical analyses.

First, a frequentist statistical approach was used with significance set for a two-tailed α level of 0.05. As data were not 
distributed normally, we used non-parametric signed-rank tests and report median and interquartile range (IQR) with 
a 95% confidence interval. To assess the effect of group (CRPS vs CLP vs healthy) on motor imagery scores, we 
performed a Kruskal–Wallis test. To assess the effect of pain on motor imagery scores across limbs (unaffected vs 
affected), we performed a Wilcoxon signed-rank test. Finally, we assessed the dispersion of scores between groups using 
a coefficient of variation, calculated as the standard deviation divided by the mean, and reported it as the median and 
interquartile range (IQR).

In addition, a multivariable linear regression analysis was performed to assess the potential influence of confounding 
variables, including age, sex, upper limb and lower limb dominance, body mass index (BMI), physical activity level, 
education level, and pain duration, on the total, KMI, and VMI scores. Adjusted means were calculated from this model, 
and results are presented with their corresponding standard errors.

Secondly, we used a Null Hypothesis Bayesian Testing (NHBT) approach for the assessment of evidence of a lack of 
difference.46,47 Specifically, we calculated the Bayes factor (BF01), which quantifies the likelihood of the null hypothesis 
versus the alternative hypothesis (for example, BF01 = 7 indicates that, given the data, no difference is 7 times more 
likely than a difference). A Bayes factor between 5 and 10 indicates moderate evidence in favor of the null hypothesis.48 

Levene’s method was used to measure the equality of variances between the groups and sides. This analysis was 
performed using JASP © software with a prior in favor of differences between groups according to our hypothesis.47

Results
We screened 129 participants for inclusion, and 123 were included after exclusion and age matching (40 participants in 
the CRPS and CLP group respectively and 43 participants in the healthy group). The main characteristics of the 
participants are described in Table 1 (further demographic details are provided in Supplementary Data S1, Table S1).

Identification of Motor Imagery Abilities
The MIQ-RS total scores of the participants showed great heterogeneity, whether they were painful or healthy and 
regardless of the side of the limb (Figure 1).
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Table 1 Participant Demographic Characteristics. Data Are Presented as Medians for Continuous Variables and as Numbers and 
Percentages for Categorical Variables in Each Group

Descriptive Statistics CLP Group 
(n=40)

CRPS Group 
(n=40)

Healthy Group 
(n=43)

F-Test  
(Kruskal–Wallis 

Test)

P Value

Age, years median 49 [18.75] 54 [18.5] 47 [16] 2.72 0.082

[IQR] (1st – 3rd Quartile) (40.75–59.5) (43–61.5) (37–53)

BMI, kg/m2, median 25 [8] 25.5 [6] 23 [6.5] 2.25 0.108

[IQR] (1st – 3rd Quartile) (22–30) (23–29) (21–27.5)

Pain Duration, month 12 [34] 9.5 [9] NA 4.22 < 0.01

[IQR] (1st – 3rd Quartile) (5.75–39.75) (6–15)

CLP Group CRPS Group Healthy Group X² Test P value

Sex Men 17 (42.5%) 9 (22.5%) 16 (37.2%) 3.83 0.147

Women 23 (57.5%) 31 (77.5%) 27 (62.8%)

Upper dominant Right 39 (99.5%) 35 (87.5%) 41 (95.3%) 3.62 0.160

Left 1 (0.5%) 5 (12.5%) 2 (4.7%)

Lower dominant Right 26 (65%) 31 (77.5%) 29 (67.5%) 1.67 0.432

Left 14 (35%) 9 (22.5%) 14 (32.5%)

Affected side Right upper limb 13 (32.5%) 7 (17.5%) NA 4.09 0.252

Left upper limb 8 (20%) 6 (15%) NA

Right lower limb 10 (25%) 11 (27,5) NA

Left lower limb 9 (22.5%) 16 (40%) NA

Test duration (in minutes) 13 14 14 2.17 0.338

Sub-groups of physical activity 
levels per week

< 1h 17 (42.5%) 32 (80%) 16 (37.2.%) 23.05 < 0.01**

>1h - <1h30 7 (17.5%) 4 (10%) 16 (37.2%)

>1h30 - <2h30 16 (40%) 4 (10%) 11 (25.6%)

Sub-groups of education levels A level 13 (32.5%) 24 (60%) 2 (5%) 46.56 < 0.01**

1 years of study 
after A level

5 (12.5%) 11 (27.5%) 5 (11.5%)

2 years of study 
after A level

5 (12.5%) 3 (7.5%) 10 (23.1%)

Bachelor degree 7 (17.5%) 2 (5%) 9 (20.9%)

Master’s Degree 7 (17.5%) 0 (0%) 11 (25.5%)

Ph.D and higher 3 (7.5%) 0 (0%) 6 (14%)

Notes: **indicated a statistical significant difference. 
Abbreviations: CRPS, Complex Regional Pain Syndrome; CLP, Chronic Limb Pain; KMI, Kinesthetic Motor Imagery; VMI, Visual Motor Imagery; MIQ-RS, Movement 
Imagery Questionnaire - Revised, Second Edition; BMI, Body Mass Index; IQR, InterQuartile Range; NHBT, Null Hypothesis Bayesian Testing.
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McInnes et al49 proposed three thresholds to account for three levels of motor imagery ability in participants with 
brain lesions. Our results showed a heterogeneous distribution of motor imagery abilities even within the “impaired” or 
“unable” thresholds, regardless of group (painful or healthy) or limb side (affected or contralateral unaffected). These 
results were not consistent with our hypothesis, which predicted a bimodal distribution with “unable” or “impaired” 
scores for the CRPS and CLP groups and a “normal” scores for the healthy group.

The median values of the MIQ-RS Total scores for the affected side and the unaffected side are shown in 
Supplementary Data S1 (Table S2).

Between-Individuals Coefficient of Variation
The coefficient of variation between individuals for the CRPS group is 24.53% for the affected side and 22.52% for the 
unaffected side. For the CLP group, the coefficient of variation is 18.13% for the affected side and 19.05% for the 
unaffected side. For the healthy group, the coefficient of variation is 15.84% for the right side and 17.85% for the left 
side. These results show a high dispersion of results, especially for the CRPS group, but with consistency between the 
affected and unaffected side for the pain groups.

Comparison of MI Abilities Between Groups
There were no statistical differences between the three groups for the MIQ-RS total mean score (H(2) = 1.795, p = 0.408, 
n² = −0.002) (Figure 2), the kinesthetic mean subscore (H(2) = 0.936, p = 0.626, n² = −0.009), or the visual mean 
subscore (H(2) = 4.175, p = 0.124, n² = 0.018) (Supplementary Data S1, Table S3).

Multivariable Analysis
There were no differences between the adjusted means of the groups for the total motor imagery scores (p = 0.135), the 
KMI subscore (p = 0.491) and the VMI subscore (p = 0.364).

Therefore, after accounting for confounding factors, there were no differences between the groups for the total motor 
imagery scores, the VMI, and KMI subscores.

Results are provided in the Supplementary Data S1 (Table S4).

Figure 1 Violin plot of total MIQ-RS scores characterization among complex regional pain syndrome, chronic limb pain, and healthy groups.
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Comparison of MI Abilities Between the Affected and Unaffected Sides
Complex Regional Pain Syndrome Group Analysis
There was no statistical difference between the affected side and the unaffected side for the MIQ-RS total mean score (W 
= 347.500, p = 0.826, r = 0.148), kinesthetic mean subscore (W = 377.000, p = 0.706, r = 0.086) and visual mean 
subscore (W = 272.500, p = 0.0881, r = 0.0187).The results are summarized in Supplementary Data S1 (Table S5).

Chronic Limb Pain Group Analysis
There was also no statistical difference between the affected side and the unaffected side for the MIQ-RS total mean score 
(W = 343.500, p = 0.910, r = 0.148), kinesthetic mean subscore (W = 372.500, p = 0.983, r = 0.334) and visual mean 
subscores (W = 317.500, p = 0.514, r = 0.006) in the CLP group (Supplementary Data S1, Table S5).

The complete inferential statistical analysis can be found in the Supplementary Data S1.

Bayesian Null Hypothesis Testing
Frequentist analysis showed no significant differences between the groups or between the affected and unaffected sides. 
In addition, Levene’s test indicated that the variances were homogeneous. Therefore, a Bayesian null hypothesis testing 
approach was used to draw conclusions about the null hypothesis and group similarities.46

Thus, we confirmed the absence of between-group differences in explicit motor imagery abilities with moderate 
evidence for the null hypothesis (BF01 > 5), specifically in Kinesthetic Motor Imagery (KMI) with a Bayesian factor of 
7.28, as detailed in Supplementary Data S1 (Table S6). This indicates a 7-fold increase in the probability that there are no 
differences in Kinesthetic Motor Imagery abilities between the groups compared to the prior probability after observing 
the data.

We also confirmed the absence of differences in explicit motor imagery abilities between the affected and unaffected 
side in both the CRPS and CLP groups, with moderate evidence for the null hypothesis (BF01 > 5). Details are provided 
in Supplementary Data S1 (Table S7). This suggests a 5-fold increase in the probability that there are no differences in 
motor imagery abilities (both kinesthetic and visual) between the unaffected and affected sides in individuals with 
complex regional pain syndrome and chronic limb pain, compared to the prior probability after observing the data.

Figure 2 Violin plots of MIQ-RS mean scores between complex regional pain syndrome, chronic limb pain and healthy groups with Bayesian null hypothesis tests (BF01) 
between groups.
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This suggests that chronic pain does not affect explicit motor imagery abilities as assessed by the MIQ-RS (Figure 2).
However, we could not confirm the similarity between groups for the total and visual subscores because the Bayes 

factor for the null hypothesis was less than 3, indicating that the evidence is not conclusive. This means that the data do 
not provide sufficient enough evidence to support or reject the null hypothesis for these subscores (Supplementary Data 
S1, Tables S6 and S7).

Discussion
In this study, we observed high inter-individual variability, with dispersion around the group medians ranging from 15% 
to 25% for total explicit motor imagery scores. There were no significant differences between groups or between the 
affected and unaffected sides. A secondary analysis showed similar explicit motor imagery abilities between groups and 
between the affected and unaffected sides. The significance of these findings will be discussed below.

First, our study revealed significant variability in explicit mental imagery abilities between participants, consistent 
with the broader spectrum of explicit imagery vividness identified in the literature, ranging from aphantasia to 
hyperphantasia, as reported by Zeman.50 The MIQ-RS was unable to discriminate between healthy and painful 
individuals, suggesting that it may not effectively capture explicit motor imagery at the group level. The observed 
heterogeneity between individuals in explicit motor imagery abilities does not reflect changes in these abilities over time, 
nor does it allow us to understand the dynamics, ie, whether individuals with chronic pain had the ability to engage in 
explicit mental imagery prior to the onset of chronic pain. Using a descriptive approach to our results, patients with 
CRPS appear to have higher variability than healthy controls, regardless of whether the affected or unaffected side is 
considered. This variability may be due to patient heterogeneity in clinical presentation and may be attributed to the 
potential subtypes of CRPS based on clinical presentation.51 However, no statistical comparisons of this variability were 
performed, so caution should be used in interpreting the results. In addition, the MIQ-RS is a self-report questionnaire in 
which healthy participants may give lower ratings for minor motor imagery difficulties because their self-assessments are 
based on a pain-free reference point. In contrast, patients with chronic pain may give higher ratings based on 
comparisons between their current and past motor imagery abilities, especially if their initial deficits have improved 
over time. If healthy participants tend to underestimate their abilities and patients tend to overestimate their abilities, 
these opposing biases could balance the results and possibly explain the lack of observed differences in questionnaire 
scores.

Secondly, our Bayesian null hypothesis testing supports the conclusion of similar kinesthetic motor imagery abilities 
between groups, with a 7-fold probability in favour of no differences. However, we did not confirm these similarities for 
the total mean scores and the visual mean subscores. Visual and kinesthetic imagery have been shown to activate 
different sensorimotor brain areas.52 The kinesthetic subscore has been shown to activate more brain areas involved in 
motor imagery tasks and to correlate better with brain activity in fMRI studies compared to visual modalities.44,53 In 
healthy individuals, kinesthetic ability correlates with motor execution, whereas visual ability correlates with motor 
observation.54 Thus, KMI appears to activate sensorimotor brain areas that are closer to motor execution than VMI. In 
addition, our results contrast with our hypothesis of differences based on previous literature for implicit motor imagery. 
Implicit and explicit motor imagery tasks activate similar areas, particularly in the beta-band frequency of 
electroencephalography.33 However, implicit tasks are less spatially specific and more intense than explicit tasks, and 
some authors have suggested that the explicit modality may mobilize higher cognitive demands.23 Furthermore, 
individuals can perform implicit tasks (laterality judgment tasks) without using a motor imagery-based strategy.55 

Chronic pain patients have been shown to have body perception disturbances, known as the “neglect-like 
syndrome”,29,56 which could interfere with implicit motor imagery tasks and may explain the differences observed 
between implicit and explicit MI abilities in our studies. Indeed, some authors suggest that implicit MI tasks could be 
used to assess body perception disturbance.26 Our findings suggesting preserved kinesthetic motor imagery abilities in 
patients with chronic limb pain are promising for rehabilitation, especially in individuals known to have high levels of 
fear of movement.57 However, attention should be paid to the amount of cognitive effort required during the kinesthetic 
motor imagery task.
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Thirdly, our findings contrast with our initial hypothesis, which was based on a previous study reporting that patients 
with other primary chronic pain conditions, such as chronic low back pain, show impairments in explicit motor imagery 
abilities assessed with a similar questionnaire.31 In this study, patients showed prominent psychological factors, such as 
high levels of catastrophizing. However, psychosocial factors were not measured in our study. Personal factors related to 
psychological state and personality traits have been shown to influence mental training in athletes.58 Therefore, 
psychological factors may influence explicit motor imagery abilities, and our discrepancies may be explained by the 
presence of unmeasured psychological factors in our study.

Motor imagery tasks partially target some of the same brain networks as voluntary motor movements and 
motor imagery therapy has been shown to be effective in improving neural plasticity and motor behavior in both 
healthy and pathological individuals.14,15,18,59,60 The perceptual-cognitive model proposed by some authors 
suggests that motor imagery may be associated with a high level of motor planning, in that the selection of 
a motor plan activates a conscious experience of the sensory consequences of an action.19 Interestingly, partici
pants with CRPS have shown no change in motor planning when engaged in object affordance tasks.61 However, 
further research is needed to better understand the relationship between motor imagery and motor planning.

Motor imagery is a key component of movement representation methods (MRMs), which include action 
observation, motor imagery and mirror therapy.23 These approaches have been shown to be effective in the 
management of chronic musculoskeletal pain, particularly in patients with complex regional pain syndrome 
(CRPS),62,63 and chronic pain conditions.59,62,64–66 Furthermore, a meta-analysis has shown that motor imagery, 
whether used as a stand-alone therapy or as an adjunct, significantly reduces pain and disability in CRPS patients 
in both the short and long term.18 This approach is particularly advantageous because motor imagery training can 
be self-administered, which promotes patient empowerment and is consistent with the self-management principles 
emphasized in chronic pain guidelines.12,67,68 Furthermore, motor imagery may be beneficial at all stages of 
chronic musculoskeletal conditions, as suggested by previous studies.69 However, engaging in explicit motor 
imagery tasks can induce pain and sudomotor symptoms in patients with CRPS suggesting the need for a graded 
approach to exposure even during motor imagery therapy sessions.70 Anecdotally, to our knowledge, no patient in 
our study reported pain during questionnaire administration. However, this may be due to the short duration of the 
assessment compared to the longer duration typically required for rehabilitation using motor imagery as a therapy.

Explicit imagery training is the second stage of Graded Motor Imagery (GMI) therapy, which consists of three phases: 
starting with implicit motor imagery tasks, progressing to explicit motor imagery tasks, and ending with mirror therapy. 
The sequence of these phases is thought to be important in determining the benefits of the therapy.14,71 Despite its 
effectiveness in some conditions, GMI shows inconsistent results, which may explained by the interindividual variability 
observed in our study and previously described by others.13,72 Individuals with lower explicit motor imagery abilities 
could exhibit hypoactivation, which could explain a form of motor disuse or dysfunction.73,74 Consequently, assessment 
of motor imagery vividness using more inclusive tools than the MIQ-RS could allow tailoring of rehabilitation programs 
to individual needs prior to mirror therapy. This personalized approach could effectively address the different subtypes of 
CRPS and improve recovery outcomes.51,75 Therefore, our results suggest that explicit motor imagery, in its kinesthetic 
modality, is preserved despite the condition of chronic limb pain and may be beneficial as a first-line therapy in 
rehabilitation.

Limitations include the non-random order of questionnaire completion and the aggregation of upper, lower and spinal 
motor imagery scores in the calculation of the MIQ-RS score, which may have masked specific limb scores. Furthermore, the 
lack of homogeneity of the subgroups in terms of physical activity level, education level, and pain duration may have biased 
our results, although all participants were inactive (physical activity less than 2.5 hours per week) and all pain groups were 
chronic (pain duration greater than three months). Education level appears to be a predictor of pain chronicity,76 and despite 
the lower education level in the pain groups, there were no differences in motor imagery abilities, which may mitigate the 
recruitment bias in our study. Our study did not assess pain intensity, which could have revealed potential sources of bias in 
different subtypes of chronic pain patients.51 Finally, previous studies in patients with CRPS have shown an association 
between pain duration and pain intensity, with pain duration having a significant effect on motor performance and resulting in 
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a smaller brain somatosensory representation in the somatosensory cortex.77 In our study, the pain duration was less than 
1 year, which may not reflect the general population of patients with chronic limb pain.

Future research should pursue a deeper understanding of the efficacy mechanisms underlying different motor imagery 
training tasks (explicit, implicit, external, internal) in patients with complex regional pain syndrome,78 using more 
objective measures such as brain imaging in longitudinal research designs. In addition, exploring patient categorization 
methods for personalized interventions, similar to those explored in chronic low back pain research,79 may help to 
identify individuals suitable for specific interventions.75

Conclusion
Individuals with CRPS and chronic limb pain showed high inter-individual variability in explicit motor imagery tasks, 
similar to that observed in healthy individuals, with preserved abilities between groups and sides. The integration of 
movement representation methods, particularly in the form of kinesthetic motor imagery, may be considered a viable 
first-line treatment given the relatively preserved abilities of patients with chronic limb pain.
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