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Objective: To compare the effect of motor imagery
combined with structured progressive circuit class
therapy vs health education combined with struc-
tured progressive circuit class therapy on dynamic
balance, endurance, and functional mobility in post-
stroke individuals.

Design: Randomized controlled trial.

Methods: A total of 40 post-stroke individuals were
randomly assigned to experimental and control
groups. The experimental group was trained using
motor imagery combined with structured progres-
sive circuit class therapy, while the control group
received health education combined with structured
progressive circuit class therapy, 3 times a week for
4 weeks with an overall of 12 sessions. Outcomes
included the step test for affected and unaffected
limbs, the 6-Minute Walk Test, and the Timed Up
and Go test. Assessments were performed at base-
line, 2 weeks, and 4 weeks after the intervention
Results: There were significant effects (p <0.05) of:
group on the step test for unaffected limb; of time on
all outcomes; and of their interaction effect on the
step test for affected limb, 6-Minute Walk Test, and
Timed Up and Go test. Inter-group comparison sho-
wed significant differences (p <0.05) in the step test
for unaffected limb at 2 weeks after the intervention.
At 4 weeks after the intervention, significant diffe-
rences (p<0.05) were found in the step test for af-
fected and unaffected limbs and in the Timed Up and
Go test.

Conclusion: Motor imagery combined with structu-
red progressive circuit class therapy was more ef-
fective on the step test, 6-Minute Walk Test, and
Timed Up and Go test than training with structured
progressive circuit class therapy alone. This sug-
gest that that motor imagery should be incorpora-
ted into training programmes for restoring dynamic
balance, endurance, and functional mobility in post-
stroke individuals.
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(LAY ABSTRACT A
Survival rates after stroke have increased, with the fre-
quency of mobility impairments remaining high. The-
refore, a low-cost and effective stroke rehabilitation
technique must be developed and its efficacy proved.
This study compared the effect of motor imagery combi-
ned with structured progressive circuit class therapy vs
health education combined with structured progressive
circuit class therapy on dynamic balance, endurance,
and functional mobility in post-stroke individuals. Out-
comes included the step test, 6-Minute Walk Test, and
Timed Up and Go test. Significant improvements occur-
red in all outcomes when training with motor imagery
combined with structured progressive circuit class th-
erapy compared with structured progressive circuit class
therapy alone. In conclusion, these results suggest that
incorporating motor imagery into the post-stroke train-

Qng programme may result in greater improvement. )
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troke is one of the major medical conditions and a
leading cause of disability and mortality (1). There
has been an 11.3% reduction in the age-standardized
stroke incidence rate in countries worldwide from 1990
to 2017. Furthermore, there has been a 33.4% decrease
in the age-standardized stroke mortality rate and a 34%
decrease in the stroke death rate, especially in developed
countries (1). In contrast, the annual stroke incidence,
mortality rate, and disability-adjusted life-years lost
have increased in low- and middle-income countries (2).
Impaired functional mobility is one of the earliest
and most common characteristics observed in many
post-stroke individuals. The ability to get out in the
community was considered essential by 74.6% of
patients (3). A longitudinal cohort study showed that
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individuals with mild stroke encountered difficulty in
terms of community mobility (30%) and indoor acti-
vities (10%) 1 year after stroke (4). Mobility difficulty
was increased in individuals with a moderate severity
of stroke; 75% encountered community mobility dif-
ficulties, and 35% encountered difficulty in indoor
activities. It was also found that physical performance,
assessed by considering lower limb strength, and
functional mobility at discharge, could predict health-
related quality of life (HRQoL) and reintegration into
the community 6 months later (5).

Dynamic balance is one of the crucial factors for
mobility, and is a significant problem in post-stroke
individuals, who often have decreased equilibrium,
exaggerated postural sway, and altered weight distri-
bution patterns. Maintaining balance while standing
and ambulating is necessary to successfully perform
various daily activities, and impaired balance is rela-
ted to fall risk in stroke patients (6, 7). Another factor
positively influencing mobility is walking endurance
ability at the submaximal level, which is usually as-
sessed using the submaximal treadmill walking test,
cycle ergometer, and the 6-Minute Walk Test (6MWT)
(8—11). Post-stroke individuals can regain their ability
to walk, but their walking endurance is often limited,
even in individuals with high functional ability (11).
Dynamic balance and walking endurance are asso-
ciated with HRQoL and participation in post-stroke
individuals (9, 10).

To restore functional mobility appropriately, a task-
oriented training regimen including augmented feed-
back tuning can be created for post-stroke individuals
for enhancing limited functional mobility (12). With
the benefits of circuit class training in the improve-
ment of cardiovascular fitness, muscle strength, and
endurance, post-stroke individuals can improve phy-
sical performance by incorporating specific exercises
into the circuit class training (13—17). In addition,
the advantages of circuit class training are related
to increased social interaction during workouts and
exercise adherence.

Various training strategies can be used to improve
patients’ motor control and learning process. Motor
imagery (MI) method is one of the training strategies
that has gained in interest, facilitating the recovery
of neurological deficits of upper and lower limb fun-
ctions for stroke patients in the past decade (18-20).
The operational definition of MI is as follows: “a
dynamic mental state during which the representa-
tion of a given motor act or movement is rehearsed
in working memory without any overt motor output”
(21). The motor simulation theory introduced by Jean-
nerod in 1994 (22) is the most common reference for
explaining the efficacy of MI training. This theory
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attempted to explain the relationship between distinct
action-related cognitive states and actual motor ex-
ecution. Three notions of the theory are summarized
as follows: firstly, actions are postulated to include a
covert stage in which they are mentally simulated. The
goal and consequence of the action are included in this
covert stage. As a result, it consists of a representation
of the future, which includes the action’s objective,
the means to achieve it, and its effect on the environ-
ment. Secondly, the theory claims that both imagined
and actual actions share a motor representation of a
desire to act. In the event of overt actions, this desire
is translated into an actual movement; nevertheless,
it is not carried out in the case of imagined actions.
Finally, the theory proposes that the simulation and ex-
ecution of actions are functionally equivalent (22, 23).
Previous studies (13, 16, 24-27) have reported a
greater improvement in gait, balance, and functional
mobility from the combined effect of MI with the ex-
ercise programme in post-stroke individuals. A finding
showing the efficacy of a combined MI with circuit
class training was reported in a previous study (16).
With an overall 40 min of training, 7 days a week for
2 weeks, several outcomes, such as the Functional
Ambulatory Classification (FAC), Rivermead Visual
Gait Assessment (RVGA), walking speed, and 6MWT,
were improved significantly. The benefits of this train-
ing on reported variables were found to persist at a
6-month follow-up. However, the variety of training
protocols both in MI and exercise parts among studies
causes controversial results. Systematic reviews (18,
20, 28) reported high heterogeneity protocols that
led to the different findings between studies, as well
as the need to explore the ideal treatment protocol.
Sub-group analysis by Guerra et al. (18) showed that
MI was associated with balance gain, based on the
functional reach test, and improved performance,
based on the Timed Up and Go (TUG) test and gait
speed. In particular, very low certainty evidence was
reported on endurance and functional mobility (20).
Due to the subjective nature of MI, the facilitation
action and engagement monitoring method should be
carried out.This can be done by counting the number
of movement actions during imagery, enquiring about
MI movement at the end of the session, and movement
command during imagery periodically (29, 30). For an
objective measurement of engagement, the investiga-
tion of autonomic changes was recommended in the
clinic. The study of autonomic response to MI reported
a decrease in skin resistance and an increase in heart
rate and respiration (31). However, it was reported
that most studies did not perform these methods in
a protocol (18) and took only verbal agreement for
training engagement (7, 32).

J Rehabil Med 54, 2022



JRM

JRM

JRM

Motor imagery in functional mobility training programmes after stroke

Given the above, the aim of this study was to examine
the effect of MI combined with structured progressive
circuit class therapy (SPCCT) on functional mobility in
post-stroke individuals. It was hypothesized that there
would be a greater improvement in functional mobility
in the group that received MI combined with SPCCT
compared with training with SPCCT alone.

METHODS

Sample size calculation

The sample size was estimated using the mean and stan-
dard deviation of 6MWT from the previous study (44),
which investigated the effect of task-oriented training
in improving mobility in post-stroke individuals. By
using the G*Power program version 3.1.9.2 with an
o value of 0.05 and a g value of 0.02, the total sample
size was estimated at 30. Therefore, a sample of 40
would provide sufficient statistical power for this study.

Participants and design

The study used a randomized double-blind balan-
ced parallel-group (1:1) design. The recruitment
of the subjects took place from January 2018 to
May 2018. The trial was registered at clinicaltrials.
gov (NCTO03436810). Participants were recruited
from the National Rehabilitation, North Okkalapa
General, and East Yangon General Hospitals, Yangon,
Myanmar. Candidates were screened by physioth-
erapists according to the selection criteria. Informed
consent was obtained from participants who met the
selection criteria. The study targeted patients with mild
and moderate motor severity who were able to perform
the study intervention.

Inclusion criteria were: (3) first stroke with unilateral
hemiparesis; (ii) age between 18 and 75 years; (iii)
male and female; (iv) stroke onset of 3 months to 1
year; (v) ability to walk at least 10 m with or without
using gait aids; (vi) Functional Ambulation Category
(FAC) score >3 (33); (vii) Mini-Mental State Examina-
tion (MMSE) score >24 (34); (viii) National Institutes
of Health Stroke Scale (NIHSS) score <14 (35); and
(ix) Kinesthetic and Visual Imagery Questionnaire
(KVIQ-10) score >3 (36).

Exclusion criteria were: (i) communication deficits
and unable to follow instructions; (ii) a history of se-
rious or unstable cardiac condition; (7ii) severe muscu-
loskeletal problems and unable to stand and walk; and
(iv) a history of other neurological diseases or unilateral
neglect. Eligible participants who agreed to take part
in the study signed the informed consent approved
by the institutional ethics committee (Certificate of
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Approval: Mahidol University Central Institutional
Review Board 2017/178.1010).

Randomization and blinding

Four permuted blocks of 10 participants were created
using a computer-generated program and allocated
with the concealment method in the envelopes. The
outcome measure assessments were performed by a
blinded assessor. All participants were blinded regar-
ding the group they were assigned for training.

Intervention

Both the experimental and control groups underwent
a 90-min training session, 3 sessions a week continu-
ously for 4 weeks. The experimental group received
the MI protocol for 25 min, while the control group
received HE for 25 min. Then, both groups underwent
the same SPCCT for 65 min. The SPCCT involved 7
functional mobility tasks including: (i) forward and
backward step up; (ii) lateral step up; (7ii) heel raise
and lower; (iv) reaching in standing; (v) transition from
sit to stand, walk, and then back to sit; (vi) walking
with even steps; and (vii) quick walk. SPCCT tasks 1,
5, 6, and 7 were the functional mobility aspects used
in the MI training method.

To identify the most effective training, MI was pro-
vided at a quiet place in the training centre. M1 invol-
ved familiarization with the task for 2 days in the first
week and practice from the third day of the first week
to the fourth week of the training programme. It was
performed in 3 stages: relaxation (3 min), MI practice
involving both kinesthetic imagery (KI) and visual
imagery (VI) (8.5 min in each imagery), and refocu-
sing (3 min). Between the 2 imagery practices, a rest
period (2 min) was allowed to avoid mental fatigue.
Both KI and VI were provided from the first-person
perspective; the participants were instructed to visua-
lize the movements they were performing from inside
their body, i.e. via their own eyes for VI and to feel
the sensation of movements they were performing,
i.e. to perceive muscle tension, and stretch for KI. In
the stepping task, a metronome was used to adjust the
step rhythm in the progression phase of the training.
Participants were instructed to bear weight on the
affected limb in the walking tasks. Furthermore, they
were asked: (i) to avoid movement and remain in a
relaxed position; (7i) close their eyes throughout the
practice; (7ii) count the repetition of the practice with
fingers; and (iv) open their eyes if their concentration
was reduced. The engagement was checked by obser-
ving the finger movement while counting the practice
repetition and by monitoring the pulse rate using the
oximeter attached to the unaffected finger. To ensure
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that the training was standardized and consistent in
every session, the participants had to practice MI
according to a script written by a trained researcher.

The protocol of the SPCCT included warm-up exercises
3 min prior to training the 7 functional mobility tasks
(62 min). The SPCCT was provided as group therapy
with the distributed pattern. Participants were trained in
pairs; while 1 participant performed the tasks (4 min),
the other observed and encouraged the partner’s perfor-
mance (4 min). There was 1 min to transfer to the next
task. The training progression for SPCCT was performed
by increasing the number of repetitions, weight, task
complexity, and metronome speed in tasks 1, 2, 6 and
7. Progression was adjusted based on the participant’s
performance assessed by the physiotherapist, and the
self-efficacy score given by the participant themselves.

HE comprised the topics related to the necessary
information for self-care after stroke, as well as pre-
ventive details of recurrent stroke. One HE session
consisted of an explanation of the topics concerned
and a discussion with post-stroke individuals. Details
of the treatments were as in our previous work (13).
MI and HE were provided by trained research staff,
and the SPCCT was provided by a physiotherapist
specialized in neurological rehabilitation.

Outcome measures

The step test (n) for the affected and the unaffected
limb, the TUG (s), and the 6MWT (m) were assessed
at baseline (TO0), 2 weeks (T1) and 4 weeks (T2) after
the intervention.

Step test. The step test is a reliable and valid measure
for dynamic balance standing balance in post-stroke
individuals (37, 38). Dynamic balance is positively as-
sociated with physical function in the first month post-
stroke (6). A cut-off score of 13 on the step test for the
affected limb was reported as a value used to distinguish
post-stroke individuals from healthy individuals over 50
years with a sensitivity of 87% and specificity of 87%.
For the unaffected limb, it was found that a cut-off score
of 11 could distinguish, with a sensitivity of 100% and
specificity of 67% (38). The participants were asked to
step onto a 7.5 cm stool with the affected or unaffected
limb repeatedly as fast as possible while the other limb
stance. The step test for the affected and the unaffected
limbs was recorded separately for 15 s.

6-Minute Walk Test. The 6MWT is a test of walking
endurance. A previous study reported the excellent
intra-tester reliability of this test in post-stroke individu-
als (39). Participants were asked to walk along a 20-m
walkway as rapidly as possible. Walking devices were
allowed during the test, and the same type of walking
device was used at all assessment time-points. Partici-
pants were allowed to rest if needed. There were 2 trials
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of'the test with a 30-min rest period between trials. The
mean value of the 2 trials was used in data analysis.

Timed Up and Go test. The TUG is used to measure
mobility and as a predictor of long-term ability level
and HRQoL in post-stroke individuals (40—42). It is a
reliable and valid tool to measure mobility in post-stroke
individuals (43). The time taken to stand up from a chair,
walk 3 m at a comfortable and safe pace, turn around,
walk back, and sit back on the chair was recorded. One
practice trial was performed to familiarize the partici-
pants with the test. During testing, walking aids were
allowed, depending on the mobility of each patient.

Statistical analysis

Data analysis was performed using the SPSS program
version 20.0 (IBM Corp., Armonk, NY, USA), and the
significant p-value was set at <0.05 for all compari-
sons. Data distribution was checked with the Kolmo-
gorov—Smirnov Goodness-of-Fit test, and it showed
normal distribution. The baseline characteristics were
analysed using descriptive statistics according to the
type of scales. A 2-way mixed analysis of variance
(ANOVA) was used to analyse the effect of group and
time and interaction effect on the outcome measures.
Further sub-analyses using the independent sample 7-
test and repeated measure ANOVA were performed for
inter- and intra-group comparisons. A Bonferroni-cor-
rected post-hoc test was used for pairwise comparison.

RESULTS

A total of 290 post-stroke individuals were screened,
based on the criteria set by a physiotherapist; 246
did not meet the inclusion criteria, and 4 declined to
participate in the study (Fig. 1). Thus, 40 post-stroke
individuals participated in the study, which was con-
ducted over 4 weeks. There were no dropouts and no
reports of any hazardous situations for the participants.

The demographics of all participants are shown in
Table I. There were no significant differences (p>0.05)
in the baseline demographics between the groups. The
mean age of the experimental and control groups were
49.40 and 55.55 years, respectively. There were 15
males and 5 females in the experimental group and 11
males and 9 females in the control group. Both groups
had a high walking capacity, monitored by FAC scores
of 3 and 4, and low severity, indicated by the NIHSS
score of 3. Furthermore, no problems of imagination
ability were reported in either group.

Comparisons of functional mobility outcomes
Influence of the group on functional mobility outco-
mes. There was a significant main effect of group on
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Fig. 1. Study flow chart.
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the step test for the unaffected limb [F (1, 38)=4.127,
p=0.049]. Meanwhile, no effects of group were found
for the step test for the affected limb [F (1, 38)=1.691,
p=0.201], 6MWT [F (1, 38)=1.000, p=0. 324], and
TUG [F (1, 38)=4.041, p=0.052]. These findings
indicated that only the step test for the unaffected
limb was different between the groups throughout the
testing periods.

Influence of time on functional mobility outco-
mes. There were significant main effects of time
on all functional mobility outcomes, which inclu-
ded the step test for the affected limb [F (1.243,
47.241)=141.481, p<0.001], the step test for
the unaffected limb [F (1.103, 41.929)=139.211,
p<0.001], 6MWT [F (2, 76)=145.095, p<0.001],
and TUG [F (1.044, 39.691)=95.524, p<0.001].
Over the time-points of assessment, significant chan-
ges were found in all functional mobility outcomes

for both the groups that ecither received MI with
SPCCT or education with SPCCT.

Interaction effect of the group by time on functional
mobility outcomes. There were significant interaction
effects of group and time in the step test for the affected
limb [F (1.243, 47.241)=16.988, p<0.001], 6MWT
[F (2, 76)=26.887, p<0.001], and TUG [F (1.044,
39.691)="7.284, p=0. 009], while no interaction ef-
fect was found in the step test for the unaffected limb
[F (1.103, 41.929)=1.762, p=0.192]. The type of the
training significantly influenced all functional mobility
outcomes, except for the step test for the unaffected limb
over the time-points of assessment (T0, T1 and T2).

Between-group and within-group sub-comparisons

Between-group and within-group comparisons in terms
of functional mobility are shown in Table II. For the
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Table I. Baseline demographics of participants

Total participants Experimental group Control group
Clinical Characteristics (n=40) (n=20) (n=20) p-value
Age, mean (SEM) (years) 52.48 (1.81) 49.40 (2.59) 55.55 (2.40) 0.090*
Weight, mean (SEM) (kg) 63.49 (1.61) 63.64 (1.48) 63.34 (2.92) 0.927*
Height, mean (SEM) (cm) 162.98 (1.11) 163.89 (1.46) 162.06 (1.67) 0.416*
Timed since stroke, mean (SEM) (weeks) 26.93 (2.25) 25.00 (3.46) 28.85 (2.89) 0.398*
Sex, n (%)
Male 26 (65) 15 (75) 11 (55) 0.1851
Female 14 (35) 5 (25) 9 (45)
Type of stroke, n (%)
Ischaemic 18 (45) 8 (40) 10 (30) 0.5251
Haemorrhagic 22 (55) 12 (60) 10 (70)
Side of involvement, n (%)
Left 22 (55) 10 (50) 12 (60) 0.525%
Right 18 (45) 10 (50) 8 (40)
FAC, n (%)
3: Dependent for supervision 18 (45) 10 (50) 8 (40) 0.525t
4: Independent level surfaces only 22 (55) 10 (50) 12 (60)
5: Independent 0 (0) 0 (0) 0 (0)
NIHSS, mean (SEM) (scores) 3.30 (0.21) 3.45 (0.31) 3.15 (0.29) 0.487*
MMSE, mean (SEM) (scores) 26.83 (0.16) 26.80 (0.25) 26.85 (0.21) 0.878*
KVIQ-10, mean (SEM) (scores) 37.75 (0.84) 38.50 (1.03) 37.00 (1.33) 0.378*

p-values between the experimental and control groups tested by tx? test and *independent samples t-test.
NIHSS: National Institutes of Health Stroke Scale; MMSE: Mini-Mental State Examination; FAC: Functional Ambulation Category; KVIQ-10: Kinesthetic and

Visual Imagery Questionnaire; SEM: standard error of the mean.

between-group comparisons, no difference was found
at TO, but significant differences were found for the
step test for the unaffected limb at T1 (p=0.039), step
test for the affected limb (p=0.017), step test for the
unaffected limb (p=0.026), and TUG (p=0.012) at T2.

For within-group comparisons, significant impro-
vements were found for both the experimental and
control groups over the testing times in all functional
mobility outcomes, which included the step test for
the affected limb (p<0.001), step test for the unaf-
fected limb (p<0.001), 6MWT (p<0.001), and TUG
(»<0.001). Moreover, the Bonferroni-corrected post
hoc test showed significant differences for both groups
in all pairwise comparisons (p<0.001).

DISCUSSION

Previous review studies have reported that more in-
tensive exercise therapy with repetitive task training
can improve activities of daily living (ADL) and lower
limb functions for post-stroke individuals (45, 46).
The aim of this study was to examine the effects of
MI combined with SPCCT on the dynamic balance,
endurance, and functional mobility in post-stroke indi-
viduals. The tasks being trained in this study focused on
increasing dynamic balance and functional mobility to
increase an individual’s confidence using a progressive
training method. No hazardous effects were reported.
The large improvement in all outcomes in the study
participants could be due to the tasks used in the MI

Table II. Between-group and within-group comparisons for functional mobility

Difference Difference
Outcome After 2 weeks After 4 weeks between TO between TO
measures Groups Before (TO) (T1) (T2) and T1 and T2 p-valuet p-value® p-value® p-value®
Step test:  Exp 6.79 (0.56) 8.90 (0.60) 11.35 (0.64) 2.20 (0.30) 4.65 (0.45) <0.001 <0.001 <0.001 <0.001
affected Con 6.94 (0.61) 7.74 (0.61) 9.15 (0.61) 0.80 (0.14) 2.30 (0.30) <0.001 <0.001 <0.001 <0.001
imb (n)  p.value* 0.858 0.183 0.017 <0.001 <0.001
Step test:  Exp 9.25 (0.67) 11.05 (0.58) 12.60 (0.57 1.80 (0.19) 3.35(0.37) < 0.001 <0.001 <0.001 <0.001
unaffected  con 7.95 (0.57) 9.25 (0.61) 10.65 (0.62) 1.30 (0.16) 2.70 (0.33) <0.001 <0.001 <0.001 <0.001
imb (n)  pvalue* 0.148 0.039 0.026 0.051 0.201
6MWT (m) Exp 187.49 (16.97) 217.18 (18.17) 256.75 (19.49) 29.69 (5.19) 69.26 (5.36) <0.001 <0.001 <0.001 <0.001
Con 176.01 (24.90) 188.00 (25.64) 203.60 (26.28) 11.99 (1.75) 27.59 (3.01) <0.001 <0.001 <0.001 <0.001
p-value*  0.706 0.360 0.113 0.004 <0.001
TUG (s) Exp 22.02 (1.76) 16.82 (1.35) 11.64 (1.12) 5.20 (0.62) 10.38 (1.16) <0.001 <0.001 <0.001 <0.001
Con 29.24 (4.96) 26.26 (4.48) 23.35 (4.13) 2.98 (0.62) 5.89 (1.16) <0.001 <0.001 <0.001 <0.001
p-value*  0.182 0.056 0.012 0.015 0.010

6MWT: 6-Minute Walk Test, TUG: Timed Up and Go test, Exp: Experimental group, Con: Control group,
Data reported in mean (standard error of mean; SEM), significance tested at p<0.05.
p-value *independent sample t-test.
p-value trepeated measure analysis of variance (ANOVA).
p-value 2Bonferroni-corrected post hoc test between TO and T1.
p-value *Bonferroni-corrected post hoc test between TO and T2.
p-value “Bonferroni-corrected post hoc test between T1 and T2.

J Rehabil Med 54, 2022


https://medicaljournalssweden.se/index.php/jrm/index

JRM

JRM

JRM

Motor imagery in functional mobility training programmes after stroke

strategy, specifically the tasks training in the SPCCT
protocol. Four tasks in MI were identical to the 7 tasks
used in the SPCCT. According to motor simulation
theory (22), this priming effect of the MI method may
reinforce practice capability in the SPCCT. In addition,
the training enhances motor learning and prompts neu-
roplasticity. This reforms the brain’s physical structure
through repeated training experience (47).

The step test was used to measure dynamic balance.
The ability to step for the affected or unaffected limb
indicates improvement of dynamic postural balance
and lower limb strength when performing either the
supportive or movable functions. When comparing the
data between the 2 groups, the step test for the unaffec-
ted limb was improved at T1, while the improvement in
the affected limb was found at T2. This improvement
could be from carrying out the task being trained in
MI involving a similar stepping motion. The key point
that should be noted was that the instruction used in
both MI and SPCCT was emphasized with prolonged
weight-bearing on the affected limb. Improvement in
step performance probably relates to the step forwards
and backwards onto a stool, which was used in the MI
training. The consistency of training and measurement
may be a factor that greatly improved patients’ perfor-
mance. The study by Vats (48) reported the benefits of
task-specific step-up exercise in improving the spatio-
temporal gait parameters of chronic stroke individuals.
Likewise, the current study provided step tasks for the
affected and unaffected sides, as well as alternately
between both limbs. However, training progression
was carried out by increasing the distance between
the feet and stool in the previous study (48), while
the current study progressed the step rhythm using a
metronome. Stepping imagery was investigated in a
previous study that found activation in the brain (49).
This reinforces the usefulness of practicing different
forms of MI on motor functioning. Furthermore, the
benefits of reciprocal stepping and aerobic overground
training have been reported to improve gait speed
and endurance after training for 40 sessions in post-
stroke individuals (50). Multidirectional step up-down
practicing was not only useful in improving balance
and gait performances, but also in improving falls
efficacy (51). To step up on a stool successfully, post-
stroke individuals had to lift the movable limb while
alternately shifting weight onto the supporting limb
(52). In the current study, the experimental group had
an improvement of 4.7 steps for the affected limb and
3.4 steps for the unaffected limb at T2 compared with
T0. Meanwhile, the controls had an improvement of
only 2.3 and 2.7 steps for the affected and unaffected
limbs, respectively.

For the 6MWT, slight, but not significant, improve-
ment was found at T1 after training in both groups.
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However, a significant improvement was identified
by a mean difference of 69.3 m in the experimental
group with the ability to walk up to 256.8 m after the
training at T2. The previous study on MI combined
with the task-oriented circuit class training by Verma
et al. (16) found an improvement of 6MWT for 84
m after training for 60 min, 7 days a week for only
2 weeks. This difference found may be due to the
difference in the tasks and training protocols being
used. Previous studies (14, 53) reported that massed
practice pattern may yield a better effect on walking
endurance, although our study used the distributed
pattern. When considering the MI perspective, the
current study provided a first-person perspective,
while the previous study (16) provided an external
perspective. Another point of consideration may be
related to the stroke onset. The current study included
patients with onset ranging between 12 and 52 weeks
(mean onset 25 and 29 weeks for the experimental and
control groups, respectively), while individuals with
an onset of 4—12 weeks (mean onset 6.3 weeks) were
included in the previous study (16). Regarding the type
of stroke between studies, the current study has 55%
haemorrhagic strokes, while the previous study (16)
reported inclusion of only 20% haemorrhagic strokes.
However, the minimal detectable change (MDC) for
6MWT has been estimated at 61 m for early stroke
(54) and 34.4 m for late stroke (55). Furthermore, the
minimally clinically important difference (MCID)
of 6GMWT was reported by the correlational study of
6MWT with the perceived change score after 3 months
of the training in stroke individuals and reported a
determining threshold of 34.4 m (56). Therefore, the
experimental group could indicate a clinically change
in 6bMWT after 4 weeks of training.

Comparing the TUG between the groups, the ex-
perimental group showed a significant improvement
by 0.47% at T2 compared with TO, while the control
group showed an improvement of only 0.20%. A grea-
ter time reduction in performing TUG may be due to
the same TUG task being used in the MI process and
the SPCCT programme. Compared with the previous
studies (7, 26, 32, 57), a 6.7 s improvement in TUG
was found in post-stroke individuals after 5 weeks
training of MI with conventional therapy, including
muscle stretching, positioning, facilitating normal
patterns of movement, facilitatory and inhibitory
techniques, reflex inhibitory patterns, facilitating
higher-level reflexes, and muscle-tone normalization
(7). Another study (32) reported TUG improvement
of 7.7 s after undergoing sit-to-stand MI with task-
specific training for 6 weeks. The study by Cho et al.
(26) found TUG improvement of 8.3 s after 6 weeks
of MI training combined with treadmill training in
chronic stroke patients. In addition, Kim et al. (57)
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identified significant effects of KI and VI training on
TUG using a metronome, after 1 treatment session
of 15 min. However, kinesthetic imagery training
showed a better effect than VI training, with mean
differences of 6.9 vs 6.8 s. It can be seen that the
differences in outcomes between studies were due
to training particulars and duration. The minimal
detectable change (MDC) for the TUG recommended
by the previous review study (15) was at least 8 s.
Therefore, it is reasonable to infer that there was a
clinically significant improvement of TUG in post-
stroke individuals after training with the current study
programme.

As the protocol details used in MI play an important
role in training success, the first-person perspective has
usually been used and reported, in order to facilitate
greater cognitive function stimulation (58, 59) and
autonomic response (60). Relationships between MI,
autonomic nervous system, and movement observa-
tion have been reported through sensorimotor coup-
ling, mediated by memory systems (61). Autonomic
responses during MI training showed a change in
heart rate, respiratory rate, skin resistance, and skin
blood flow (31, 60). The sentiment regarding the use
of heart rate for imaginary monitoring was presented
in previous studies (31, 62), finding that heart rate
was highly responsive to MI training. In addition,
an in-depth study of the altered heart rate during MI
training alongside the electroencephalogram (EEG)
measurement was performed by Pfurtscheller et al.
(63). The findings showed that both with and without
MI conditions caused a rapid centrally localized beta
event-related desynchronization (ERD) shortly with
a maximum of 400 ms and a concurrent heart rate
deceleration. Subsequently, the response pattern was
changed to substantially increase ERD and heart rate
acceleration. Nonetheless, many alternative methods
have been proposed for tracking training engagement
and reducing the concealed nature of the MI, such as
counting the number of repetitions, verbal comman-
ding to move a certain part of the body, monitoring an
autonomic response, recalling the training details, and
using VI (29-31). The current study used heart rate
monitoring and periodic action commands to engage
post-stroke individuals during the MI protocol, where-
as some previous studies used explanation and verbal
agreement between the trainer and trainee (7, 32).
The current study MI programme shows evidence of
more improvement because it is based on specificity,
initiating from thinking (imaginary) to the exercise
processes. Appropriate clinical training should not be
too difficult or too easy to challenge functional ability
in post-stroke individuals. The structured progressive
training protocol was used to stepwise the exercise
based on individuals’ performance. Thus, the protocol
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is feasible and provides a promising outcome in terms
of several aspects of functional mobility.

Study limitations

This study has several limitations. First, the selection
criteria were strict about including only the participants
who were expected to be suitable for the proposed
training programme and were able to walk a certain
distance, leading to a large number of exclusions.
Secondly, 55% of participants enrolled in the study
had haemorrhagic stroke. The distribution of the type
of stroke in this study differed from previous studies
which found that the majority of participants were
ischemic stroke. Both of these limitations may affect
the generalizability of the results. Thirdly, the similarity
of training task and measurement may favour the task
specificity to the outcome. Limitations in terms of the
learning challenge and transfer effect were also not as-
sessed. Fourthly, a long-term effect of the intervention
was not evaluated in this study. Further studies should
investigate the long-term effect as well as other vari-
ables, such as quality of life and psychological factors.

CONCLUSION

This study validates the effects of MI with SPCCT in
enhancing functional mobility in post-stroke individu-
als. The training is simple, low-cost, and appropriate
for post-stroke individuals with mild to moderate levels
of severity without problems of unilateral neglect.
After mastering the training method, post-stroke in-
dividuals can practice it on their own. The additional
effects of MI could facilitate better mobility function
than did the education combined with SPCCT.
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