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Objectives: Mental practice, as a neuropsychological factor effective in motor recovery, is a 
cognitive rehearsal of a physical skill without muscular activity. Considering the high level of 
fatigue in patients with Multiple Sclerosis (MS), we hypothesized that using mental practice as 
a low-level energy-consuming method added to physical practice could be a useful therapeutic 
strategy. Therefore, the current study aimed to investigate the effects of combined mental and 
physical practices on walking and daily living activities in patients with MS.

Methods: A randomized double-blind controlled trial was applied in the present research. In 
total, 22 subjects with MS were randomly allocated into the occupational therapy and mental 
practice groups; all study subjects received equal occupational therapy interventions 3 days 
a week for 6 weeks. However, in addition to occupational therapy services, the study group 
received mental exercises. Such practices included the visual and kinesthetic imagery of 
walking activity in the presence of external cues. Walking ability and daily living activities 
were assessed at pre-treatment, post-treatment, and 2 weeks after the treatment (follow-up). 
Gait parameters (distance and speed) were measured by the functional scales of the 6-Minute 
Walk Test and the Timed 25-Foot Walk Test. The Barthel Index was used to test individuals’ 
performance in daily living activities.

Results: The presented combined mental and physical practice significantly improved walking 
distance and walking speed in post-treatment (P=0.047, P<0.001) and follow-up (P=0.044, P=0.001) 
assessments, respectively. The Barthel Index scores significantly changed per group; however, no 
significant differences were found between the control and test groups in this regard (P=0.386).

Discussion: The present study data revealed that performing mental practice along with 
occupational therapy interventions are more effective than regular interventions alone in the 
gait rehabilitation of patients with MS. These significant differences in walking performance 
in the intervention group remained obvious till the follow-up stage.
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Highlights 

● The combined mental and physical practice is more effective for improving gait function than physical practice 
alone.

● Incorporating mental practice into rehabilitation had no significant effect on improving the ability to performing 
daily living activities, compared with using rehabilitation alone.

Plain Language Summary 

Multiple Sclerosis (MS) challenges a person’s gait ability and Activities of Daily Living (ADL). Recently, the mental 
practice has been among the most widely used methods to enhance gait function in people with neurological condi-
tions. Mental practice is a symbolic exercise involving repeated mental imagery in the absence of muscle contraction. 
This paper investigated the effect of mental practice in combination with physical practice on walking and ADL perfor-
mances in these patients. The related result suggested that combined physical and mental practice can improve walking 
functioning in patients with MS, although it did not significantly change their ADL performance.

1. Introduction

ultiple Sclerosis (MS) is a chronic and 
progressive autoimmune disease that 
affects the Central Nervous System 
(CNS). The major pathology of MS is 
the inflammation, demyelination, and 

degeneration of sensory-motor axons in the CNS [1]. 
Given the extent and severity of the affected area, the 
type and severity of the symptoms differ [2]. These signs 
and symptoms include spasticity or muscle weakness, 
fatigue, discoordination, ataxia, pain, sensory distur-
bances, gait disorders, and so on; such conditions have 
been repeatedly reported in these patients [3, 4].

Walking is a complex sensory-motor function that re-
lies on the simultaneous interaction of the motor system, 
sensory control, and cognitive functions [5]. Gait disor-
der often results from a combination of symptoms, such 
as fatigue, weakness, spasticity, ataxia, and imbalance 
[6]. Such a condition is present in 85% of patients with 
MS, as their main complaints [3]. These disorders affect 
the level of activity, participation, and quality of life in 
patients with MS and result in losing the ability to work 
[7]; increased odds of falling and related injuries [8], as 
well as the patient’s increased dependence on others for 
performing the Activities of Daily Living (ADL) [9]. 
The rehabilitation interventions used to overcome such 
debilitating gait abnormalities include resistive exercises, 
aerobic, traction, balance, and other exercises [1]. These 
interventions are often accompanied by problems, such 
as increased body temperature, abnormal fatigue, and ex-
acerbated neurological symptoms. Thus, many of these 
patients may refrain from therapeutic exercises [10].

Applying appropriate therapeutic strategies seem nec-
essary to manage walking problems and ADL in pa-
tients with MS [9, 11]. Mental Practice (MP) or Motor 
Imagery (MI) is among the recommended strategies 
to enhance motor performance [12]. MP is a symbolic 
exercise, involving repeated mental imagery in the ab-
sence of any visible muscle contraction, i.e., performed 
to improve motor performance [13]. Several studies sug-
gested that MP can be a promising additional rehabili-
tation method for patients with neurological disorders 
[14, 15]. Performing physical practice plus mental train-
ing is supported to be more effective than merely one 
of the practices alone [15, 16]. Besides, the impact of 
physical exercise is promoted when added to MP [17]. 
Several investigations have examined the incorporation 
of physical exercise into the MI of functional mobility 
in stroke survivors or patients with Parkinson’s disease. 
For instance, Hosseini et al. reported that adding MP to 
current therapy could improve postural balance in stroke 
patients [15]. Furthermore, EI-Wishly et al. reported sig-
nificant improvement in gait ability following the receipt 
of MI plus physical practice in patients with Parkinson’s 
disease [14].

Most evidence in stroke patients indicated that MP 
may also improve ADL. Liu et al. illustrated the posi-
tive impact of employing MI training on promoting the 
patients’ relearning of ADL. According to this report, the 
relearning may be attributed to the improved attention, 
working memory, and a higher level of processing abil-
ity of patients who underwent MI; all are essential for 
conducting ADL [18].

M
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Patients with MS and cognitive impairments encoun-
ter difficulties in MP. Moreover, cognitive impairments 
in these patients reduce the beneficial effects of mental 
exercises; however, MP is performed using internal (kin-
esthetic) and external (visual) imaging in this population. 
Using external cues while performing MP improves the 
quality of MI and facilitates MP [19, 20]. Using external 
cues accompanying with MP for upper extremity move-
ments in patients with MS, researchers reported that this 
technique can be a valuable therapy for this group [19].

Most studies have examined the effects of MP with or 
without physical practice on healthy subjects and stroke 
patients [15, 21]. Besides, only two studies investigated 
the effects of mental practice alone, using external cues 
on gait performance in patients with MS [20, 22]. How-
ever, no study has specifically examined the effects of 
combined physical and mental practice in subjects with 
MS. Furthermore, considering the crucial role of gait in 
ADL performance, no research has been conducted to 
examine the effects of this therapeutic approach on ADL 
in this population. Therefore, the present study aimed to 
examine the effects of combined MP and occupational 
therapy interventions on gait function and ADL in pa-
tients with MS.

2. Methods

This randomized double-blind controlled trial was con-
ducted in Abolfazl Rehabilitation Clinic and Raha Reha-
bilitation Center in Isfahan City, Iran, in 2017. In total, 
22 patients with MS were equally divided into the con-
trol and MP groups. The study participants were blind 
to the information of the two groups. The evaluations 
were performed in pre-treatment, post-treatment, and 2 
weeks after the treatment (follow-up) in a blinded man-
ner for the examiner. The assessments were conducted 
by a certified occupational therapist, blind to the control 
and experimental subjects.

A total of 38 patients with MS were referred to the Re-
habilitation Clinic of MS and the Rehabilitation Center 
in Isfahan. After the initial assessment and considering 
the inclusion and exclusion criteria of the research, 26 
patients were evaluated in detail. The inclusion criteria 
of the study included receiving a definite diagnosis of 
MS, including all 4 types of MS disease (by a neurolo-
gist); an age range of 20 to 60 years; Expanded Disabil-
ity Status Scale (EDSS) rating scores ranging between 
1.5 and 4.5; obtaining Mini-Mental State Examination 
(MMSE) scores of >24 [23]; a visual imaging and senso-
ry-motor imaging score of ≥25 [24]; being at remission 
period; the lack of deformity, and the absence of other 

simultaneous illnesses, such as severe visual impairment 
and severe orthopedic problems in the lower extremities. 
In the case of suffering from acute depression disorder, 
pregnancy, lactation, and the recurrence of disease dur-
ing the intervention period, the subjects were excluded 
from the study. Therefore, two individuals were exclud-
ed from the study due to recurrence of the disease before 
initiating the study, and two were excluded at the mid-
intervention because of orthopedic problems.

Finally, 22 subjects (F=17) were re-evaluated imme-
diately after the intervention and 2 weeks after the last 
intervention session (follow-up). Among 22 participants, 
13 had relapsing-remitting MS. Of the total 22 partici-
pants, 11 subjects received immunosuppressant drugs, 
such as fingolimod and natalizumab, 4 research subjects 
were treated with interferon beta and alpha; 4 subjects 
were treated with muscle relaxant drugs, such as ba-
clofen, and 1 individual was treated with herbal medi-
cines; however, 2 study subjects received no medication.

In the present study, 6 tools were used to collect the re-
quired information. In the first stage, the EDSS was ap-
plied to assess the severity of the disease and the degree 
of disability in the study participants [25]. The EDSS is 
a valuable outcome assessment to use in MS clinical tri-
als with an excellent test-retest reliability (r=0.93) [26]. 
Besides, it presented a high validity through correlation 
with the Barthel Index (r=0.89) [27]. The MMSE is a 30-
item questionnaire extensively applied in clinical and re-
search settings to measure cognitive impairment, includ-
ing orientation, concentration, attention, verbal memory, 
naming, and visuospatial skills [23].

The 10-item Kinesthetic and Visual Imagery Question-
naire (KVIQ) was used to evaluate the research subjects’ 
ability to imagine [24], comprising 10 questions (5 ges-
tures for both dimensions). In the KVIQ, individuals are 
initially requested to perform a specific action, followed 
by the immediate visualization of the same action; even-
tually, they are requested to assess their mental imag-
ery ability in visual and kinesthetic dimensions on two 
5-point subscales [28]. This questionnaire was standard-
ized in Iran with the test-retest reliability and an Intra-
Class Correlation Coefficient (ICC) of between 0.76 and 
0.84 in patients with MS [29].

Furthermore, the 6-Minute Walk Test (6MWT) was ap-
plied to evaluate the distance traveled by the patient dur-
ing 6 minutes [30]. Then, the Timed 25-Foot Walk Test 
(T25FWT) was used to measure the time to travel 25 feet 
[31]. According to evidence, improvements in walking 
speed [31] and walking distance [32] are considered clin-
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ically significant if being ≥20% more than the baseline 
rate. Finally, the Barthel Index (BI) was used to determine 
the patients’ independence in performing ADL [33].

The study participants were randomly assigned into 
two groups of control and experiment through a simple 
random sampling method. All research subjects received 
occupational therapy exercises, including lower limb 
stretching, strengthening exercises, balance exercises, 
walking training for 45 (the experimental group) or 60 
minutes (control group) per session. The experimental 
group additionally participated in MP for another 15 to 
20 minutes (per session) by another certified occupation-
al therapist. The course of treatment for all study subjects 
was 3 times/week for 6 weeks.

The MP interventions for gait were based on the re-
search performed by Dunsky et al. [34]. All sessions 
were performed while the study subjects individually 
laid down on a comfortable bed or therapeutic mat in a 
quiet room with their eyes closed. Each session started 
with 5 minutes of relaxation exercises. MI training was 
performed for the next 10 minutes. It consisted of vi-
sual (“viewing” themselves performing the task through 
the eyes of a third-person perspective) and kinesthetic 
(“feeling” the bodily sensations of performing the task 
that the person can experience in the real situation) MI 
of the walking performance using external cues; the 
same was first provided by a therapist (verbal cues) and 
then by a metronome. During the visual and kinesthetic 
imagery, the research subjects were requested to visual-
ize themselves in both dimensions while walking in the 
straight lane, as well as focusing on steps and walking 
speed in the presence of verbal cues. Precisely, they were 
requested to first focus on the left steps followed by the 
right steps, subsequently both steps. Next, they were re-
quested to adjust their walking speed to the rhythm of 
a metronome. Finally, the intervention was finished by 
performing relaxation practices for 3-5 minutes.

The normality and homogeneity of the data collected 
from the walking function by 6MWT and T25FWT tests, 
as well as BI were established in the study groups. The 
tests were conducted in pre-test, post-test, and follow-up 
stages. Using the Shapiro-Wilk test and Independent Sam-
ples t-test, the mean pre-test, post-test-follow-up scores of 
the research groups were compared using the Independent 
Samples t-test. Moreover, the one-way Analysis of Co-
variance (ANCOVA)was used to investigate the pre-test, 
post-test differences of evaluated variables among the 
study groups. All statistical analyses were performed us-
ing SPSS at a significance level of 0.05.

3. Results

A total of 22 subjects (17 females and 5 males) were 
eligible to participate in this research program. The 
Mean±SD age, KVIQ, and MMSE scores of the study 
participants were 40.32±9.12 years, 49.45±0.96, and 
29.59±0.73, respectively. An average KVIQ indicated 
excellent vividness of each dimension of motor imagery 
(the clarity of the image/the intensity of sensation). Fur-
thermore, an average MMSE presented a normal cogni-
tion in both research groups. The demographic character-
istics of the study participants are presented in Table 1.

According to the results of the Independent Samples 
t-test and Shapiro-Wilk test, the study groups were 
homogenous in age, disease duration, cognitive level 
(MMSE), disability (EDSS), the vividness of motor 
imagery (KVIQ-10), walking distance (6-MWT), walk-
ing speed (T25FWT), and BI (P>0.05) before the inter-
vention. Furthermore, the evaluated variables, such as 
6-MWT, T25FWT, and BI presented a normal distribu-
tion; therefore, parametric statistics were used to analyze 
the collected data (Table 2).

Comparing the mean scores between the study groups 
suggested that in the control group, the BI (P<0.01), 
6MWT (P<0.0001), and T25FW (P<0.001) have sig-
nificantly changed after the intervention. Moreover, the 
mean score differences of these three assessments in the 
control group remained statistically significant till the 
follow-up phase (P<0.05). Furthermore, in the experi-
mental group (occupational therapy plus MP), compar-
ing the mean scores of the three assessment stages indi-
cated significant changes occurring after the intervention 
that remained until the follow-up step.

To investigate the combined effects of mental and 
physical practice on walking distance, walking speed, 
and ADL, the relevant mean scores were compared be-
tween the study groups before and after the interven-
tion and 2 weeks after the therapy. Accordingly, no sig-
nificant differences were detected between the control 
and MP groups before the intervention. However, MP 
resulted in significant positive differences between the 
study groups at post-intervention and follow-up assess-
ments of 6MWT and T25FW. Comparing BI scores also 
revealed no significant differences caused by MI in the 
evaluation stages between the mentioned groups. These 
findings were supported by the one-way ANCOVA data 
for three functional variables. The one-way ANCOVA 
results for functional variables (6MWT, T25FW, and BI) 
are presented in Table 3.
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Table 1. The group-wise demographic characteristics of the study participants 

Variable Sequence
 Mean±SD

P
Experiment Control

Age, y Pre-test 39.9±9.86 40.7±8.77 0.839

Disease duration Pre-test 12.6±7.35 11.8±6.64 0.787

MMSE Pre-test 29.73±0.46 29.45±1.03 0.801

EDSS Pre-test 3±0.89 2.5±0.82 0.229

KVIQ-10 Pre-test 49.5±0.93 49.3±1.02 0.669

6MWT

Pre-test 427.8±43.08 435.9±41.19 0.657

Post-test 525.9±52.64 482.2±43.57 0.047

Follow-up 525.6±52.56 481.4±43.40 0.044

T25FWT

Pre-test 6.59±0.91 6.32±0.97 0.522

Post-test 4.27±0.36 5.33±0.70 0.0001

Follow-up 4.41±0.42 5.39±0.72 0.001

BI

Pre-test 92.27±6.84 93.64±4.52 0.733

Post-test 98.64±2.33 97.73±2.61 0.386

Follow-up 98.64±2.33 97.73±2.61 0.386

6MWT: 6-Minute Walk Test; T25FWT: Timed 25-Foot Walk Test; BI: Barthel Index; EDSS: Expanded Disability Status Scale; 
KVIQ: Kinesthetic and Visual Imagery Questionnaire; MMSE: Mini-Mental State Examination; SD: Standard Deviation.

Table 2. Comparing the mean pre-test, post-test, and follow-up scores of the study groups concerning 6MWT, 25FWT, and BI 

Intervention Phase BI (P) 6MWT (P) T25FWT (P)

Occupational Therapy 
(OT)

Pre-test/Post-test 0.01 0.0001 0.001

Pre-test/Follow-up 0.01 0.0001 0.001

Post-test/Follow-up 0.8 0.7 0.24

Occupational Therapy+
Mental Practice 

(OT+MP)

Pre-test/Post-test 0.001 0.0001 0.0001

Pre-test/Follow-up 0.001 0.0001 0.0001

Post-test/Follow-up 0.75 0.85 0.0004

Sequence - BI (P) 6MWT (P) T25FWT (P)

Pre (OT & OT+MP) - 0.58746 0.656719 0.521664

Post (OT & OT+MP) - 0.399624 0.046812 0.000259

Follow (OT & OT+MP) - 0.399624 0.043774 0.000988

6MWT: 6-Minute Walk Test; T25FWT: Timed 25-Foot Walk Test; BI: Barthel Index.
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4. Discussion

The present study aimed to address the theory that per-
forming MP along with occupational therapy interven-
tions is more effective than regular interventions alone in 
enhancing walking and ADL performances in individu-
als with MS. The relevant findings declared a significant 
improvement in the studied patient’s functional mobility 
triggered by the supplementary benefit of using MI.

According to the results, the presented occupational 
therapy intervention resulted in significant changes 
in walking distance (6MWT scores), walking speed 
(T25FW scores), and BI scores in both research groups. 
However, combined intervention (MP and occupational 
therapy) significantly altered walking in the experimen-
tal group, compared with the controls. These significant 
differences in walking performance in the intervention 
group remained obvious till the follow-up stage. There-
fore, although intervention has stopped, the effect of MP 
remained for a long time. Furthermore, the presented 
interventions resulted in significant changes in the BI 

in both study groups; however, MP with conventional 
intervention had no significantly different effect from the 
conventional therapy. Although MP improved BI scores 
in the experimental group much more than that of the 
control group, these changes were not significant. 

The positive effect of combined mental and physical 
practice on walking ability is not surprising; improve-
ments achieved by this method has been demonstrated in 
other populations over the past decades. EI-Wishly et al. 
reported that combined MI training and physical therapy 
programs can improve gait functions in patients with 
Parkinson’s disease. Such data indicated that the pre-
liminary effects of MI could enhance the proficiency of 
subsequent physical practices [14]. Cho et al. examined 
the potential impacts of added MP on treadmill training 
in stroke survivors. They found that gait training plus 
MP was more effective in improving functional mobil-
ity than sole conventional interventions [35]. Hosseini et 
al. investigated 30 stroke patients who underwent physi-
cal practice combined with MI training. They concluded 
that functional mobility was increased after the interven-

Table 3. The one-way ANCOVA Results for 6MWT, T25FWT, and BI in the study groups

Parameter Source Sum of Squares df Mean of Squares F Sig.

6-Minute Walk test

Intercept 713.414 1 713.414 1.445 0.244

Pre.6mwt 37331.579 1 37331.579 75.626 0.0001

Group 14708.141 1 14708.141 29.796 0.000

Error 9379.088 19 493.636 - -

a. R Squared 0.836 (Adjusted R Squared = 0.819)

Timed 25-Foot Walk test

Intercept 0.959 1 0.959 10.962 0.004

Pre.t25fwt 4.686 1 4.686 53.579 0.0001

Group 7.733 1 7.733 88.419 0.0001

Error 1.662 19 0.087 - -

a. R Squared 0.868 (Adjusted R Squared = 0.854)

Barthel Index

Intercept 424.854 1 424.854 104.558 0.0001

Pre.BI 45.524 1 45.524 11.203 0.003

Group 8.653 1 8.653 2.130 0.161

Error 77.204 19 4.063 - -

a. R Squared 0.393 (Adjusted R Squared=0.330)

According to the partial Eta-Squared, 61% of changes in 6-minute walking, 82% of changes in 25-foot walking time, and 10% 
of changes in Barthel Index were due to the provided intervention.
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tion, and this effect was maintained after two weeks [15]. 
Thus, the present study outcomes were consistent with 
those of the aforementioned findings.

To our knowledge, no study has examined the effects 
of mental plus physical practice on walking and ADL 
in individuals with MS. The obtained findings suggested 
that this protocol produced significant enhancements in 
gait; it has the potential to be applied like other therapeu-
tic strategies.

The achieved enhancement in walking ability can be 
attributed to the learning impacts of cognitive practice 
strategy accomplished in the particular regions of the 
CNS. Researchers have concluded that the simultaneous 
use of physical and mental practice presents the great-
est impact on skills learning. Moreover, several studies 
illustrated that all brain areas dedicated to planning, pro-
cessing, and preparation for a motion can be activated 
during MP, like physical exercise [19, 36-38]. However, 
other scholars suggested that MI relies on processes in-
volved in planning, but not the control of movements. 
According to Glover [39], the brain regions responsible 
for motor preparation or motor planning, like the inferior 
parietal lobule, are more engaged during MP; however, 
the control regions, like the superior parietal lobule are 
much less involved in this respect.

Jacobson indicated that the CNS projects stimulations 
into the fiber muscles at the time of real execution; in MI, 
similar impulses are induced in the brain and muscles. 
Though these activities of the brain and muscles dur-
ing MI are less than the activity during real motion [40]. 
Therefore, there is a tendency in the brain to execute 
imagined movements. These findings can explain the 
improvement in walking function in patients with MS 
who participated in MP.

Although the improvement in walking ability is en-
couraging, it was unsatisfactory to find that no signifi-
cant progress occurred in ADL. First, this phenomenon 
is possibly related to the design of the MI protocol used 
in the present study. We speculate that throughout the 
last MP sessions, gait exercises must be incorporated 
into actual tasks. For example, individuals should be re-
quested to imagine themselves walking while engaging 
in a variety of ADL in various conditions. Besides, this 
may be because the treatment duration (6 weeks) was in-
sufficient to result in a significant difference in BI scores, 
compared to controls. While the dose was adequate to 
improve gait speed and distance, it may have required to 
be longer for enhancing ADL in the study participants. 
The small sample size was another limitation of the cur-

rent study. Thus, future studies with larger sample sizes 
and longer examination times are suggested to test the 
effects of the described intervention in patients with MS.

5. Conclusion

The present study data suggested that the combina-
tion of MP and conventional occupational therapy ef-
fectively improved walking function in patients with 
MS. Therefore, MP could be used as an effective adjunct 
method, without fatigue to the established rehabilitation 
approaches for motor problems in MS. Finally, MP did 
not significantly change the BI scores between the study 
groups; however, implementing these exercises resulted 
in better performance of the study participants concern-
ing ADL performances. We encourage further research 
to study the effect of this method on other functions and 
in different neurological disorders.
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