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A B S T R A C T

Background: Inaccurate perception of one’s physical abilities is potentially related to age-related declines in
motor planning and can lead to changes in walking. Motor imagery training is effective at improving balance
and walking in older adults, but most research has been conducted on older adults following surgery or in
those with a history of falls. Deficits in motor imagery ability are associated with reduced executive function
in older adults with cognitive impairment.
Objectives: To determine whether walking-specific motor imagery training could improve walking perfor-
mance (physical and imagined) in healthy older adults, and identify the relationship between actual and
imagined movement, motor imagery accuracy and executive function across 5 different walking tasks in
healthy older adults.
Methods: A cohort of 53 community dwelling older adults took part in a 4-wk randomized controlled trial to
assess the effect of motor imagery training on the physical and imagined performance of 5 walking-related
tasks (3 narrow path walking tasks, Timed-up and go and step-over test), together with motor imagery clar-
ity using the kinesthetic and visual imagery questionnaire (KVIQ-10). The association between physical per-
formance, motor imagery accuracy and executive function were identified at baseline.
Results: Four weeks of motor imagery training did not improve walking-specific performance (imagined or
physical) compared to no-training. Motor imagery training did improve the visual clarity of imagined non-
walking tasks. Executive function was significantly correlated with 2 out of 5 imagined walking tasks and 4
out of 5 physical walking tasks but was not associated with motor imagery accuracy.
Conclusion: Four weeks of motor imagery training is not effective at improving performance in walking-
related tasks in healthy older adults. This lack of improvement may be due in part to the high functional abil-
ity of the cohort. Future research should assess the relationship between motor planning and executive func-
tion with more complex walking tasks.
Trial registration: ANZCTR registration (ACTRN12619001784101).

© 2024 The Author(s). Published by Elsevier Masson SAS. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/)
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Introduction

Impaired mobility, functional decline [1] and fear of falling [2] in
older adults has been associated with age-related changes in motor
planning and executive function [3]. Impaired or inaccurate percep-
tion of one’s physical abilities can influence how a person interacts
with their environment in everyday tasks such as walking and
descending stairs. For example, underestimating one’s own ability
can lead to needless restriction of participation in physical and social
activities [4] whereas overestimating one’s own abilities is associated
with risk-taking behaviour in older adults [5]. This mismatch
between physical and perceived abilities (inaccurate perception) is
thought to be related to an age-related decline in motor planning [2].

A simple approach to assessing the relationship between physical
and perceived abilities is motor imagery. Motor imagery is the imag-
ining of an action without its physical execution and elicits activity in
brain regions that are normally activated during actual task perfor-
mance [6]. Motor imagery is considered a valid method to assess
motor planning and motor preparation [2,7] and is measured as the
difference in spatial or temporal characteristics between an actual
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and an imagined movement. It has been identified that low motor
imagery ability (ie, larger differences in the time to complete physical
and imagined tasks) is associated with reduced executive function [8
−10] in young adults and in older adults with cognitive impairment.

Motor imagery training has been used to improve balance and gait
speed [11,12] in older adults, particularly following orthopaedic sur-
gery. Motor imagery training has also been associated with skill
acquisition in young [13] and older adults [14] in novel upper limb
tasks. These identified benefits are partly due to the promotion of
motor memory and generation of an accurate motor plan that then
improves physical performance [11,14]. Despite these findings, there
has been limited work assessing the effect of motor imagery training
on walking tasks in healthy older adults [15]. Rather, a number of
studies have assessed misjudgement or impaired perception via
motor imagery in older adults [16−18], and identified relationships
between impaired perception and fear of falling [2,19] or falls risk
[7,20], but none have assessed whether motor imagery training can
positively influence perception (motor imagery accuracy) or physical
function.

Furthermore, it is thought that motor imagery accuracy of com-
plex walking tasks can provide insights into executive function in
older adults as they rely more heavily on executive functions than
young adults during complex motor tasks [21,22]. Indeed, previous
work has shown that the role of executive functions in walking con-
trol is important, especially when navigating novel environments on
foot [23,24].

Therefore, aims of this study were to:

1) Determine whether walking-specific motor imagery training
could improve walking performance (both physical and imagined)
and motor imagery accuracy in healthy older adults.

2) Identify the relationship between actual and imagined movement
across 5 different walking tasks in older adults.

3) Identify the relationship between motor imagery accuracy and
executive function across 5 different walking tasks in older adults.

Method

Design

We conducted a randomised controlled trial between June and
August 2021.

Ethical and regulatory aspects

The study was prospectively registered through the Australian
and New Zealand Clinical Trial registry (ACTRN12619001784101)
and received ethical clearance through the Human Research Ethics
Committee of the Australian Catholic University. The CONSORT
guideline was followed for the reporting (Supplementary Material).

Participants

Community dwelling older adults were recruited from Brisbane,
Australia. To be included, participants needed to be aged at least
65 years, be independent and community dwelling, be able to walk
at least 10m without assistance, have access to a digital device at
home (eg, smart phone or computer) and willing to commit to the
study requirements. Exclusion criteria: acute or terminal illness,
unstable or ongoing cardiovascular and/or respiratory disorder, pro-
gressive neurological disease or impairment, joint replacement sur-
gery in the past 6 months, cognitive impairment, or the inability to
commit to study periods. An initial telephone screening was used to
determine eligibility. Relevant sociodemographic and clinical varia-
bles, including age, cognition (MiniCOG) [25], gender, number and
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type of medication, physical activity level (RAPA) [26], and education
level were recorded at baseline.

Assessment

Testing of all primary and secondary outcome measures was con-
ducted at baseline and immediately after a 4-wk intervention/control
period in a laboratory setting in Brisbane, Australia. For the timed up
and go (TUG) test, walking speed (on narrow walking paths) and
step-over test, all imagined and physical tasks were completed twice,
and the mean score of the 2 trials was used in the analysis. Partici-
pants completed imagined tasks prior to completing physical tasks.
The participants completed the TUG, then narrow walking paths (in
random order), then the step-over test.

Primary outcome measure

Timed up and go test
The TUG test has been widely used and validated as a motor imag-

ery task in older adults [27]. For the imagined task (iTUG), which was
performed before the physical task, participants sat in a chair
(»44cm height). A marker was placed 3 metres in front of the chair
and participants were instructed to imagine performing a TUG trial
without actual physical movement and to estimate the time taken to
complete the trial. Participants were instructed to imagine them-
selves completing the task from a first-person perspective, walking
at their normal, comfortable speed. Timing started on the command
“ready, set, go” and stopped when the participant said the word
“stop”, which corresponded with the person returning to sitting with
their back against the back rest (in their imagination). Time was
recorded (to the nearest 1/100th second) using a digital stopwatch.

For the actual/physical task (aTUG), participants were instructed
to complete the TUG at their normal, comfortable walking speed [28].
Time was recorded (to the nearest 1/100th second) using a digital
stopwatch. Participants did not receive any feedback for either the
iTUG or aTUG results during the TUG task. The difference (TUGdelta)
between iTUG and aTUG time was then calculated to determine the
motor imagery accuracy of the TUG: ([actual time − imagined time]/
[actual time + imagined time/2])£100. A positive TUGdelta represents
a tendency to underestimate the actual TUG time (ie, overestimate
physical performance). The iTUG (and TUG delta) have been used
extensively to assess higher level gait and to identify mild cognitive
impairment in older adults [27,29]

Secondary outcomes

Walking speed
Walking speed was assessed over a 5-metre path of 3 varying

widths (15, 25, and 50 cm) [30,31]. Each path width (and length) was
designated by coloured tape adhered to the floor. First, participants
stood in front of one type of walkway and imagined walking along it
from a 1st person perspective at their normal, comfortable speed.
Participants were instructed to imagine themselves stepping accu-
rately within the coloured tape. Timing started on the command
“ready, set, go” and stopped when the participant said the word
“stop”, which corresponded with them taking their first step out of
the walking zone (in their imagination). Time was recorded (to the
nearest 1/100th second) using a digital stopwatch. Walkways were
presented in a random order and participants imagined walking
along each path twice.

For the actual/physical task, participants stood in front of one type
of walkway and physically walked along it at their normal walking
speed. Participants were instructed to avoid stepping outside the col-
oured tape designating the path. The trial was repeated if a partici-
pant took more than 1 step outside the designated path while
walking. Timing started on the command “ready, set, go” and stopped
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when the participant took their first step out at the end of the 5-m
walking path. Time was recorded (to the nearest 1/100th second)
using a digital stopwatch. The participant then walked along the
remaining 2 types of walkways, with the walkways presented in a
random order. The difference (delta) between actual and imagined
walking time was then calculated to determine the accuracy of the
motor imagery of walking speed on each path (15cm delta, 25cm
delta and 50cm delta): ([actual time − imagined time]/[actual
time + imagined time/2])£100. A temporal relationship has been iden-
tified between physical and imagined narrow path walking previ-
ously in older adults [31,32].
Step-over test (SOT)
A white plastic bar (25 £ 25 £ 900 mm) attached to 2 plastic poles

with adjustable sliding brackets was used for measuring step-over
ability. The SOT device was placed 2 m away from a white wall [33].
A metal measuring tape was used to measure the bar height. The
white plastic bar could be easily knocked from the brackets once
touched by a participant to prevent participants from falling. Bar
height was adjusted between 10 and 90 cm.

Participants were asked to observe the bar from 7 m while stand-
ing. The chief investigator manually and slowly adjusted the height
of the bar either from 10 to 90 cm (ascending) or from 90 to 10 cm
(descending). While the bar was moving, participants were asked to
say “stop” at the point where they believed the bar had reached the
maximum height that they could safely step over without using their
hands. Participants were instructed to imagine stepping over the bar
from a 1st person perspective, with their bodies facing straight ahead
without jumping (ie, they could abduct and rotate their hips as long
as they kept their body facing forward), and no restrictions to walk-
ing speed. They were allowed to amend their estimated height after
the experimenter manually adjusted the bar height. Two ascending
and 2 descending trials were conducted. The average of these trials
was used to determine the imagined step-over-test (iSOT) height.
Participants received no feedback while performing the imagined
iSOT.

For the actual step-over test (aSOT), the bar was placed at the par-
ticipants’ iSOT height, and participants were asked to approach the
bar and step over it. If a participant failed to step over the bar (ie,
touched/kicked the bar with the foot/lower limb) at the iSOT height,
the bar was lowered by 3 cm. Alternatively, if the participant suc-
ceeded at the iSOT height, the bar was raised by 3 cm. Participants
were then asked to step over the bar again at the new height. This
was repeated until they either succeeded or failed the step-over
action, and the final height at which participants were successful dur-
ing 2 consecutive trials was recorded as the individual actual maxi-
mum height (aSOT). The difference (SOTdelta) between iSOT and
aSOT height was then calculated to determine the motor imagery
accuracy of the SOT. To normalise for individual lower limb length,
iSOT and aSOT were divided by the length of each participant’s lower
limb (distance from the greater trochanter to the ground through the
lateral malleolus). Calculation of motor imagery accuracy (normalised
to lower limb length) was determined by the established formula
[20,33,34]: SOTdelta = (iSOT − aSOT)/aSOT £100. Overestimation on
the step-over test has been associated with reduced physical ability
and falling in older adults [20,34].
Trail making test (TMT) part A and B
The Trail Making Test was used to evaluate the cognitive flexibil-

ity/set-shifting aspect of executive function [35]. The TMT has good
to excellent test-retest reliability in older adults [36] and has been
used to identify the relationship between motor imagery and motor
planning/executive function previously [10,34]. The time to complete
Part B (more challenging) was used for analysis [35].
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The short activities-specific balance confidence (ABC-6) scale
The ABC-6 was used to assess balance confidence [37]. This out-

come was included as it has been found that higher levels of fear-
related psychological concern are associated with poor motor imag-
ery ability in older adults [7].
The kinesthetic and visual imagery questionnaire (KVIQ-10)
The KVIQ -10 was used to assess the clarity of visual images and

the sensations associated with different physical tasks. It is a valid
and reliable tool [38] that has been used to assess motor imagery
ability in healthy adults and neurological participants. This outcome
was included to identify whether motor imagery clarity of untrained
tasks improved after motor imagery training.

Group allocation and randomisation. To identify whether motor imag-
ery training could influence physical and imagined walking perfor-
mance, a 4-wk randomized controlled trial was conducted. After the
baseline assessment, participants were randomly assigned to the
motor imagery or control group. Participants were randomly
assigned via block randomisation procedures (blocks of 4). An opaque
envelope contained 4 pieces of paper (a block) with a printed letter (A
or B), with A representing the control group and B the experimental
group. The blocks were produced a priori by the chief investigator.
Each participant withdrew a printed piece of paper from an opaque
envelope in the presence of a research assistant. Based on their selec-
tion, the research assistant would then either provide the participant
with the motor imagery training package for those in the experimen-
tal group (ie, videos, training scripts, training diary) or would simply
inform participants in the control group to continue with their every-
day activities. The research assistant was not involved with collection
of primary outcome data or data analysis. The chief investigator
assessed primary outcomes and was blinded to group allocation.

Motor imagery Intervention. Participants in the motor imagery group
completed unsupervised action observation plus motor imagery
training 5 times per week for 4 wk and were encouraged to continue
with their usual activities. Action observation is a cognitive training
method that induces motor learning through observation of other
people’s performance [6]. Action observation was included in the
intervention as action observation combined with motor imagery
appears to be more effective than motor imagery alone [39]. Each
training session lasted approximately 15 minutes. Participants in the
motor imagery group performed the training at home (using a smart
phone, tablet or computer) with the assistance of instructional videos
(action observation) with narrated guidance. The instructional videos
were provided to participants on a USB (for those using a computer)
or were downloaded onto their portable device. The motor imagery
programme consisted of 5 activities that incorporated videos of a 70-
year-old female completing the following walking tasks: walking on
uneven ground; walking up large steps; “tightrope”walking; walking
on large stepping-stones; and walking on a foam balance beam. Par-
ticipants were instructed to first watch the prescribed video then
imagine themselves performing the activity from a first-person per-
spective. Each training day typically involved the participant com-
pleting 3−6 laps/sets of 4 activities (see Supplementary Material for
details). Participants were provided with an instruction booklet,
training schedule and a training diary to monitor adherence to the
programme.
Control group
Participants in the control group did not receive any motor imag-

ery training intervention or sham training intervention. They were
instructed to continue with their usual activities and not to com-
mence any new exercise regime or physical activity (as this may lead
to improvements in physical performance).
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Statistical analysis

An a priori power calculation was conducted using G*Power
(3.1.9.6) to identify a medium-large effect size between groups in the
primary perception outcome of TUG (80% power, P <0.05). A sample
size of 46 (23 per group) was required. To account for a 10% loss to
follow-up, we aimed to recruit a total of 52 participants (26 per
group). This estimated sample size was based on previous perception
studies [41] in older adults and motor imagery training studies of
improvements in walking [12].

All statistical analyses were conducted using IBM SPSS (Version
27). Statistical significance was set at P <0.05. All primary and sec-
ondary outcomes were tested for normality using the Shapiro-Wilk
test. Mann-Whitney U tests were used to identify any between group
differences in primary and secondary outcomes following the 4-wk
intervention for non-parametric data (ANOVA used if parametric
data). For the randomised controlled trial (RCT), data were analysed
using the intention to treat principle.

The strength of association between each walking-related task
(imagined, actual and deltas for each task) and executive function
(TMT) at baseline was measured using Spearman’s rho. Effect sizes of
correlations were based on Cohen’s rule of thumb [40] (0.1 = small/
weak, 0.3 = medium/moderate and 0.5 = large/strong).

Results

Fifty-three community dwelling older adults with a mean age of
75.5 (6.4) years (35 females) took part in the study (Table 1). Follow-
up testing was completed by 48 participants (24 in each group)
(Fig. 1). There were baseline differences between the groups for iTUG
and TUG delta, with the MI group having a higher iTUG score and
lower (more accurate) TUG delta than the control group. There were
no differences in any other any primary or secondary outcomes or
demographic variables (Table 1). The majority of outcomes were not
normally distributed so the Mann-Whitney U test (non-parametric
test) was used to identify between group differences.

Effect of motor imagery training

There were no differences between groups for change scores for
any primary outcome measure. For secondary outcomes, there was a
significant group difference in the kinaesthetic and visual imagery
questionnaire—visual component (KVIQ-V) score change in favour of
the motor imagery group (Mann-Whitney U = 242.5, P = 0.048) sug-
gesting that the visual clarity of imagined tasks had improved in the
motor imagery group.

Adherence to motor imagery training

High levels of adherence were reported by those that completed
the programme and attended post-testing with the mean (SD) num-
ber of sessions completed being 19.7 (1.4) sessions out of a prescribed
20. When including the 3 participants who withdrew after complet-
ing 0 sessions the level of adherence was still >85% - mean of 17.5
(6.4) sessions.

Correlations

Relationship between imagined movement tasks. The iTUG and all
imagined walking path tasks (i50cm, i25cm, i15cm) were signifi-
cantly correlated with each other. The iSOT was significantly corre-
lated with the iTUG but not with any walking path task (Table 2).

Relationship between actual movement tasks. Actual task perform-
ances were significantly correlated between all tasks (Table 3).

Relationship between deltas (difference between imagined and
actual tasks). The TUGdelta and walking path deltas were all
4

significantly correlated with each other but the SOTdelta was not sig-
nificantly correlated with any other delta measure (Table 4).

Imagined and actual task performance relationship. Imagined and
delta measures were not normally distributed so Spearman’s rho was
used to determine bivariate correlations. Within each walking-
related task, the imagined and actual task performance were signifi-
cantly correlated (TUG rho = 0.796, P <0.001; 50 cm rho = 0.639, P
<0.001, 25 cm rho = 0.649, P <0.001, 15 cm rho = 0.733, P <0.001,
SOT rho = 0.701, P <0.001).

Relationship between performance tasks and executive function.
TMT-B had a significant positive correlation with iTUG (rho 0.35,
P = 0.009), aTUG (rho 0.45, P = 0.001), a25cm (rho 0.31, P = 0.026),
i15cm (rho 0.29, P = 0.032), a15cm (rho 0.39, P = 0.004) and a signifi-
cant negative correaltion with aSOT (rho �0.31, P = 0.02) (Table 2 and
3). TMT-B did not have a significant correlation with any delta value
(Table 4).

Discussion

Effect of motor imagery training

The primary aim of this study was to identify whether walking-
specific motor imagery training could improve walking-related per-
formance (both physical and imagined) in healthy older adults. We
found that 4 wk (total training = 5 hours) of motor imagery training
did not improve walking-related performance or motor imagery
accuracy (as determined by motor imagery deltas). Most previous
motor imagery interventions in older adults have not assessed task
specific motor imagery ability after training, primarily as the study
aims were to improve physical abilities such as strength, balance and
walking speed [12]. In one of the few intervention studies that
assessed changes in motor imagery ability, Zapporoli et al reported
an improvement in TUGdelta following motor imagery training in
participants after knee replacement surgery [11]. Importantly, these
improvements in TUGdelta were largely due to improvements in
physical performance post-operatively rather than pure improve-
ments in accuracy of imagined performance − that is, the physical
performance got quicker while imagined times remained similar,
resulting in a more accurate perception (lower TUGdelta). In our cur-
rent study, it was expected that any improvements in TUGdelta
derived from training would be due to an improvement in motor
imagery accuracy as we recruited community dwelling older adults,
meaning there would be less opportunity for physical improvement
compared to a post-operative or inactive cohort. It appears that due
to the accurate prediction at baseline, there was very little room for
improvement following motor imagery training. For example, the
mean TUGdelta of 11% in the motor imagery group is more accurate
than the 31% previously identified in a large cohort of healthy older
adults [42]. Furthermore, the TUGdelta of the MI group was signifi-
cantly lower than that of the controls at baseline, suggesting little
room for improvement was possible in TUGdelta. Similarly, the walk-
ing path delta of <10% is more accurate than that previously identi-
fied for older adults across the 50, 25 and 15cm walking paths [18].
Alternatively, it could be argued that the motor imagery training
tasks did not match the motor imagery assessment tasks. This was
done intentionally to ensure that participants in the motor imagery
group were practicing functional walking tasks rather than simply
rehearsing the outcome measures used in our study.

Most motor imagery training studies have previously focused on
older adults with neurological conditions such as stroke [43] or fol-
lowing orthopaedic surgery [11], or have assessed relationships
between motor imagery ability and falls/fear of falling
[2,7,18,20,31,34]. By recruiting community dwelling older adults, our
study assessed the effectiveness of motor imagery training in older
adults without evident physical (or cognitive) limitations. It is possi-
ble that the motor imagery training was not intensive enough to



Table 1
Participant characteristics and between group comparisons.

Variables MI group
baseline (n=27)

Control group
baseline (n=26)

MI group
post (n=27)

Control group
post (n=26)

Between group
change P value

Age 74.5 (6.3) 76.6 (6.4)
Height (m) 1.69 (0.08) 1.68 (0.1)
Weight (kg) 77.3 (16.0) 74.7 (13.6)
BMI 27.1 (5.1) 26.6 (4.3)
Medications (n) 2.9 (2.4) 2.7 (3.0)
Mini-Cog 4.7 (0.5) 4.7 (0.5)
RAPA 5.4 (1.2) 5.0 (1.4)
iTUG (secs) 9.3 (4.0) 7.6 (4.5)b 9.6 (4.6) 7.7 (3.4) 0.327
aTUG (secs) 10.9 (3.7) 9.5 (2.6) 10.5 (2.8) 9.2 (2.5) 0.131
TUG delta 12 (14) 18 (22)b 9 (21) 14 (17) 0.473
i50cm walk (secs) 7.3 (3.7) 6.5 (3.2) 7.3 (4.1) 6.5 (3.6) 0.999
a50cm walk (secs) 6.0 (1.9) 5.5 (1.4) 5.7 (1.2) 5.4 (1.6) 0.262
50cm walk delta �10 (22) �7 (26) �13 (24) �7 (24) 0.593
i25cm walk (secs) 8.5 (4.8) 6.7 (3.0) 9.0 (5.9) 7.0 (3.4) 0.804
a25cm walk (secs) 7.5 (4.8) 6.1 (2.0) 6.7 (2.4) 5.9 (1.6) 0.352
25cm walk delta �8 (23) �5 (22) �15 (22) �8 (22) 0.530
i15cm walk (secs) 11.5 (7.9) 8.8 (5.7) 11.6 (7.6) 9.3 (6.0) 0.784
a15cm walk (secs) 9.6 (7.8) 7.6 (3.5) 9.9 (7.1) 7.1 (2.6) 0.341
15cm walk delta �13 (29) �6 (24) �11 (25) �12 (29) 0.172
iSOT (cm) 38.3 (9.6) 37.9 (10.8) 44.5 (8.6) 43.5 (12.7) 0.766
aSOT (cm) 56.6 (10.7) 55.4 (10.9) 58.3 (9.2) 55.0 (12.2) 0.146
SOT delta �32 (15) �32 (11) �24(10) �21 (13) 0.310
TMT-A (secs) 35.8 (14.3) 33.0 (9.8) 31.0 (9.4) 30.1 (9.1) 0.450
TMT-B (secs) 84.8 (37.8) 80.5 (26.3) 76.2 (33.8) 73.3 (25.2) 0.823
TMT-B percentage based on age

and educationa
79 (32) 71 (24) 72 (31) 64 (21) 0.852

ABC6 75.7 (16.7) 74.6 (21.5) 75.3 (15.5) 73.4 (19.1) 0.965
KVIQ-V score per item 3.5 (1.0) 3.7 (1.2) 3.9 (1.1) 3.7 (1.1) 0.048c

KVIQ-K score per item 2.9 (1.0) 3.0 (1.1) 3.3 (1.0) 3.2 (0.9) 0.733
KVIQ-10 total 32.4 (9.3) 33.4 (9.1) 35.8 (9.3) 34.6 (8.4) 0.133

Data are mean (SD).
50cm walk delta, difference between imagined and physical 50cm walk; 25cm walk delta, difference between imag-
ined and physical 25cm walk; 15cm walk delta, difference between imagined and physical 15cm walk; a50cm walk,
time to complete actual 50cm width walking path; a25cm walk, time to complete actual 25cm width walking path;
a15cm walk, time to complete actual 15cm width walking path; ABC6, activities specific balance confidence scale 6
item version; aSOT, step-over test actual height; aTUG, actual timed up and Go; i50cm, time to compete imagined
50cm width walking path; i25cm walk, time to compete imagined 25cm width walking path; i15cm walk, time to
compete imagined 15cm width walking path; iSOT, step-over test imagined height; iTUG, imagined timed-up and
Go; kg, kilograms; KVIQ-10, the kinesthetic and visual imagery questionnaire; KVIQ-K, the kinesthetic and visual
imagery questionnaire kinesthetic component; KVIQ-V, the kinesthetic and visual imagery questionnaire visual com-
ponent; LL, leg length; m, metres; RAPA, rapid assessment of physical activity; SOT delta, difference between imag-
ined and physical step-over height; TMT-A, trail making test part A; TMT-B, trail making test part B; TUG delta,
difference between iTUG and aTUG.

a Based on Tombaugh 2003 normative data (a score over 100 means superior to normative data).
b Significant difference between groups at baseline P <0.05.
c Significant difference between groups for change score P <0.05.
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influence motor imagery accuracy or physical performance. Although
the total prescribed training of 5 hours (15 minutes £ 5 per week £ 4
wk) was longer than most previous motor imagery interventions in
older adults [12] and similar to that used in rehabilitation settings
[44], as participants did not have an evident limitation in their motor
imagery or physical ability, a more intensive (or longer) training pro-
gramme may be necessary to elicit changes in this cohort with accu-
rate motor planning abilities. Finally, despite including the SOT,
which challenges dynamic single leg balance, and narrow path walk-
ing, which challenges medio-lateral dynamic balance, the inclusion
of more novel and challenging walking task outcomes may be
required to identify improvements in high-functioning older adults.

There was a significant group difference in KVIQ-V score change
favouring the motor imagery group. This result indicates that the
subjective images produced by motor imagery participants after
training were clearer than the control group at follow-up for non-
walking tasks (as the tasks in the KVIQ relate to movements while
seated). No such differences between groups were observed for
motor imagery accuracy relating to walking tasks as there were no
differences in the deltas between groups (eg, TUGdelta). This con-
trasts with previous work in participants with orthopaedic disorders,
where improvements in TUGdelta were identified after action
5

observation and motor imagery training focusing on walking [11],
however, the improvements in TUGdelta (termed motor imagery
quality index in that study) were largely driven by the greater
improvement in the physical TUG in the motor imagery group com-
pared to controls.
Relationship between imagined tasks

There were inconsistent relationships between imagined tasks,
with the iTUG being correlated to all other walking-related tasks.
These results suggest that the iTUG shares motor planning character-
istics with both narrow path walking and step-over tasks but the SOT
may require more specific/familiar motor planning than flat ground
walking. This may be simply explained by the TUG and walking path
tasks relying on a consistent, habitual motor plan (ie, flat ground
walking) that is refined and updated regularly with usual walking
activities. In contrast, most older adults do not commonly step-over
very large hurdles or similar obstacles (at the limits of their abilities),
as such an accurate motor plan cannot be drawn upon to provide an
accurate perceived state. This has been identified previously where
in order to use an internal perspective during motor imagery of a



Fig. 1. CONSORT flow diagram.
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complex skill, one must have well established motor representations
of the skill which then translates into an internal plan [45,46].
Relationship between task deltas

The deltas (difference) of the TUG and walking paths were all sig-
nificantly correlated with each other but the SOTdelta was not signifi-
cantly correlated with any other delta measure. It has been suggested
that one’s degree of misjudgement (or accuracy) is not an inherent
trait and should be considered as a task-dependent measure [16]. As
both the TUG and narrow walking path tasks are flat ground walking
tasks, it stands to reason that the correlation between accuracy in
these tasks is stronger than that of the SOT. In both the TUG and
Table 2
Correlations between imagined tasks and TMT-B at baseline.

iTUG i50cm i25cm i15cm iSOT TMT-B

iTUG
i50cm **0.724
i25cm **0.728 **0.947
i15cm **0.767 **0.884 **0.907
iSOT *�0.289 �0.258 �0.253 �0.183
TMT-B *0.345 0.233 0.228 *0.294 �0.214

i50cm, time to compete imagined 50cm width walking path; i25cm, time to
compete imagined 25cm width walking path; i15cm, time to compete imagined
15cmwidth walking path; iSOT, step-over test imagined height; iTUG, imagined
timed-up and Go; TMT-B, trail making test part B, *significant P <0.05, **signifi-
cant P <0.01.
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walking path tasks, participants were very accurate in their own
assessments (ie, motor imagery accuracy/perception) with deltas
being less than 15%. Participants were less accurate in their percep-
tion of the SOT where they underestimated actual stepping height by
»30%, which may again be partly due to the unfamiliar nature of the
SOT compared to flat ground walking, thereby reducing the partici-
pants affordance perception [47]. This 30% underestimation is larger
than the 11% underestimation found previously in a similarly aged
cohort [33]. It appears that this high-functioning cohort in our study
were very conservative about their own ability to step-over a hurdle.
No participant in our study overestimated their ability in the SOT as
all participants were able to physically step-over their estimated
height which contrasts with previous research where up to 30% of
older adults overestimated their step-over ability [20,33]. This may
Table 3
Correlations between actual tasks and TMT-B at baseline.

aTUG a50cm a25cm a15cm aSOT TMT-B

aTUG
a50cm **0.785
a25cm **0.822 **0.902
a15cm **0.757 **0.705 **0.874
aSOT **�0.448 *�0.342 *�0.289 **�0.355
TMT-B **0.448 0.179 *0.306 **0.392 *�0.312

i50cm, time to compete imagined 50cm width walking path; i25cm, time to compete
imagined 25cm width walking path; i15cm, time to compete imagined 15cm width
walking path; iSOT, step-over test imagined height; iTUG, imagined timed-up and
Go; TMT-B, trail making test part B, *significant P <0.05, **significant P <0.01.



Table 4
Correlations between task deltas and TMT-B at baseline.

TUG delta 50cm delta 25cm delta 15cm delta SOT delta TMT-B

TUG delta
50cm delta **0.552
25cm delta **0.453 **0.793
15cm delta **0.480 **0.703 **0.685
SOT delta 0.178 �0.069 �0.046 �0.118
TMT-B �0.158 �0.176 0.016 0.001 0.069

i50cm, time to compete imagined 50cm width walking path; i25cm, time to compete imagined
25cm width walking path; i15cm, time to compete imagined 15cm width walking path; iSOT, step-
over test imagined height; iTUG, imagined timed-up and Go; TMT-B, trail making test part B, *sig-
nificant P <0.05, **significant P <0.01.

V. Nicholson, M. Steele and P. Wilson Annals of Physical and Rehabilitation Medicine 68 (2025) 101899
indicate that this cohort is a generally low risk-taking group, which
may be partly why they were largely a group of non-fallers. Indeed,
previous research has identified that older adults with low frequency
of going outdoors [33], fear of falling [33] and those with poor physi-
cal ability are more likely to overestimate their ability [48]. It is clear
from previous research that motor imagery training can be effective
when an individual has an impairment, it is also possible that a
greater level of overestimation (inaccuracy) in walking-related tasks
may be necessary to have an opportunity to improve both motor
imagery accuracy and further improve physical performance.

Relationship between physical tasks

For the physical performance, all tasks were significantly corre-
lated with each other, although the strength and direction were influ-
enced by the step-over task. For example, the TUG and walking path
tasks were strongly positively correlated with each other whereas
the step-over task was moderately and negatively correlated with
the TUG and walking path tasks. Similar strong correlations have
been identified in previous work comparing different motor imagery
stepping tasks [16]. The slightly weaker correlations between the
SOT and walking tasks may be due to the SOT being more reliant on
single limb balance, hip strength, and hip and knee mobility than the
walking tasks [49], thereby introducing a constraint not evident in
the other tasks.

Relationship between motor walking-related tasks and executive
function

Our study was the first to assess the relationship between mulit-
ple walking-related tasks (imagined and physical) and executive
function [10,34]. The TMT-B was significantly correlated with some
imagined (iTUG, i15cm) and physical tasks (aTUG, a25cm, a15cm and
aSOT), there was no significant relationship between TMT-B and any
of the task deltas. This is in contrast to others [10] who found a signif-
icant correlation between TUG delta and TMT-B (r = 0.364, P <0.01) in
those with MCI or subjective cognitive impairment. Our results better
reflect those found by Sakurai et al who did not find a significant rela-
tionship between SOTdelta and TMT-B in their similarly aged and
cognitively healthy cohort [34], and further identified no significant
relationship between TMT-B and TUGdelta or and narrow path walk-
ing deltas. The high-functioning nature of this current cohort and
limited within group variablity may have limited the ability to iden-
tify a relationship between TUGdelta and TMT-B. For example, the
mean TMT-B time of 82.7seconds is »20s quicker than previoulsy
identified for similar aged cohorts [7,33]. When accounting for indi-
vidual age and education level, the current cohort’s mean TMT-B
time was »25% faster than established normative data in older adults
[50]. Further, the TUGdelta of 15 § 19% in this cohort is some 15
−25% smaller than other older adult cohorts [42]. Taken together,
this indicates that the current cohort had a very accurate perception
7

of their own walking ability (ie, accurate motor imagery) which likely
relates to accurate motor planning, which is supported by the excel-
lent TMT-B times. Alternatively, it may simply be that both physical
and imagined versions of complex walking tasks are better indicators
of motor planning or motor prediction than the delta of the physical
and imagined task in healthy older adults.

Strengths and limitations

We used an easy-to-use motor imagery training programme that
was completed independently, was well adhered to by participants
and there were no adverse unintended negative effects. Older adults
were recruited via community organisations (such as Rotary, Probus
and walking groups, older adult education providers), typically via
electronic means (email, Facebook forums) which meant that older
adults that may not have access to email or social media are unlikely
to have taken part. Therefore, this study primarily recruited a com-
munity engaged, technology savvy and high-functioning cohort that
are not likely to be representative of older adults. Consequently, the
results of this study are likely to be generalisable to high-functioning
older adults only. This study was the first to assess the relationship
between multiple walking-related motor imagery assessments and
executive function in older adults. The study was limited by a small
sample size which resulted in the observed power being less than 0.5
for some outcomes.

Practical implications

The results of this study suggest that motor imagery training is
not effective for older adults without evident physical limitations or
impairments in walking-related tasks. The training intervention may
not have been intensive enough to elicit changes in motor imagery
accuracy or function in this healthy cohort so it may be necessary to
re-design the training intervention to make it more intense and lon-
ger in duration, or to include more complex walking outcomes so
that larger changes occur.

Conclusion

In a cohort of healthy older adults without evident walking
impairments, motor imagery training does not improve physical or
imagined performance in walking tasks. It appears that both physical
and imagined versions of complex walking tasks are more closely
related to executive function than motor imagery accuracy (ie, diff-
ference between imagined and physical performance). Motor imag-
ery accuracy of walking-related tasks is not associated with executive
function in healthy older adults who have a very accurate perception
of their own ability in walking-related tasks. Future research should
assess the relationship between motor planning and executive func-
tion with more complex walking tasks in healthy older adults and
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should compare the effectiveness of more intensive training intre-
ventions in healthy older adults.
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Prefrontal cortex activity during walking: effects of aging and associations with
gait and executive function. Neurorehabil Neural Repair 2020;34:915–24. doi:
10.1177/1545968320953824.

[23] Hausdorff JM, Yogev G, Springer S, Simon ES, Giladi N. Walking is more like catch-
ing than tapping: gait in the elderly as a complex cognitive task. Exp Brain Res
2005;164:541–8. doi: 10.1007/s00221-005-2280-3.

[24] Yogev-Seligmann G, Hausdorff JM, Giladi N. The role of executive function and
attention in gait. Mov Disord 2008;23:329–42. doi: 10.1002/mds.21720.

[25] Borson S, Scanlan JM, Chen P, Ganguli M. The Mini-Cog as a screen for dementia:
validation in a population-based sample. J Am Geriatr Soc 2003;51:1451–4. doi:
10.1046/j.1532-5415.2003.51465.x.

[26] Topolski TD, LoGerfo J, Patrick DL, Williams B, Walwick J, Patrick MAJ. The rapid
assessment of physical activity (RAPA) among older adults. Prev Chronic Dis
2006;3:A118.

[27] Beauchet O, Annweiler C, Assal F, Bridenbaugh S, Herrmann FR, Kressig RW, et al.
Imagined timed up & go test: a new tool to assess higher-level gait and balance
disorders in older adults? J Neurol Sci 2010;294:102–6. doi: 10.1016/j.
jns.2010.03.021.

[28] Podsiadlo D, Richardson S. The timed “"Up & Go”": a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc 1991;39:142–8.

[29] Beauchet O, Launay CP, Sejdi�c E, Allali G, Annweiler C. Motor imagery of gait: a
new way to detect mild cognitive impairment? J Neuroeng Rehabil 2014;11:66.

[30] Schott N, Munzert J. Temporal accuracy of motor imagery in older women. Int J
Sport Psychol 2007;38:304–20.

[31] Nakano H, Murata S, Shiraiwa K, Iwase H, Kodama T. Temporal characteristics of
imagined and actual walking in frail older adults. Aging Clin Exp Res
2018;30:1453–7. doi: 10.1007/s40520-018-0963-4.

[32] Personnier P, Kubicki A, Laroche D, Papaxanthis C. Temporal features of imagined
locomotion in normal aging. Neurosci Letters 2010;476:146–9. doi: 10.1016/j.
neulet.2010.04.017.

[33] Sakurai R, Fujiwara Y, Suzuki H, Ogawa S, Higuchi T, Imanaka K. Changes in self-
estimated step-over ability among older adults: a 3-year follow-up study. J Ger-
ontol A Biol Sci Med Sci 2021;76:2003–12. doi: 10.1093/geronb/gbaa219.

[34] Sakurai R, Fujiwara Y, Sakuma N, Suzuki H, Ishihara M, Higuchi T, et al. Influential
factors affecting age-related self-overestimation of step-over ability: focusing on
frequency of going outdoors and executive function. Arch Gerontol Geriatr
2014;59:577–83. doi: 10.1016/j.archger.2014.07.017.

[35] S�anchez-Cubillo I, Peri�a~nez JA, Adrover-Roig D, Rodríguez-S�anchez JM, Ríos-Lago
M, Tirapu J, et al. Construct validity of the trail making test: role of task-switching,
working memory, inhibition/interference control, and visuomotor abilities. J Int
Neuropsychol Soc 2009;15:438–50. doi: 10.1017/s1355617709090626.

[36] Cangoz B, Karakoc E, Selekler K. Trail Making Test: normative data for Turkish
elderly population by age, sex and education. J Neuro Sci 2009;283:73–8. doi:
10.1016/j.jns.2009.02.313.

[37] Peretz C, Herman T, Hausdorff JM, Giladi N. Assessing fear of falling: can a short
version of the activities-specific balance confidence scale be useful? Mov Disord
2006;21:2101–5. doi: 10.1002/mds.21113.

[38] Malouin F, Richards CL, Jackson PL, Lafleur MF, Durand A, Doyon J. The kinesthetic
and visual imagery questionnaire (KVIQ) for assessing motor imagery in persons
with physical disabilities: a reliability and construct validity study. J Neurol Phys
Ther 2007;31:20–9. doi: 10.1097/01.npt.0000260567.24122.64.

[39] Taube W, Mouthon M, Leukel C, Hoogewoud H, Annoni J, Keller M. Brain activity
during observation and motor imagery of different balance tasks: an fMRI study.
Cortex 2015;64:102–14. doi: 10.1016/j.cortex.2014.09.022.

[40] Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. New York:
Routledge; 1988.

[41] Sakurai R, Fujiwara Y, Ishihara M, Yasunaga M, Ogawa S, Suzuki H, et al. Self-esti-
mation of physical ability in stepping over an obstacle is not mediated by visual
height perception: a comparison between young and older adults. Psychol Res
2017;81:740–9.

[42] Beauchet O, Launay CP, Fantino B, Allali G, Annweiler C. Respective and combined
effects of impairments in sensorimotor systems and cognition on gait perfor-
mance: a population-based cross-sectional study. PloS one 2015;10:e0125102.
doi: 10.1371/journal.pone.0125102.

https://doi.org/10.1016/j.rehab.2024.101899
https://doi.org/10.1093/gerona/62.10.1134
https://doi.org/10.1007/s12603-016-0811-1
https://doi.org/10.1111/jgs.13444
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0004
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0004
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0004
https://doi.org/10.1371/journal.pone.0152617
https://doi.org/10.1006/nimg.2001.0832
https://doi.org/10.1093/gerona/glab073
https://doi.org/10.1093/gerona/glab073
https://doi.org/10.1016/j.neulet.2021.136350
https://doi.org/10.1016/j.exger.2018.10.020
https://doi.org/10.1016/j.exger.2018.10.020
https://doi.org/10.1159/000477760
https://doi.org/10.1038/s41598-020-65820-5
https://doi.org/10.1038/s41598-020-65820-5
https://doi.org/10.1016/j.jphys.2019.08.007
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0013
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0013
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0013
https://doi.org/10.1007/s00221-019-05514-1
https://doi.org/10.1007/s00221-019-05514-1
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0015
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0015
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0015
https://doi.org/10.1371/journal.pone.0190088
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0017
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0017
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0017
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0017
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0018
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0018
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0018
https://doi.org/10.1016/j.maturitas.2018.01.001
https://doi.org/10.1016/j.maturitas.2018.01.001
https://doi.org/10.1186/1471-2318-13-44
https://doi.org/10.1093/geronb/gbv078
https://doi.org/10.1177/1545968320953824
https://doi.org/10.1007/s00221-005-2280-3
https://doi.org/10.1002/mds.21720
https://doi.org/10.1046/j.1532-5415.2003.51465.x
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0026
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0026
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0026
https://doi.org/10.1016/j.jns.2010.03.021
https://doi.org/10.1016/j.jns.2010.03.021
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0028
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0028
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0029
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0029
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0029
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0030
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0030
https://doi.org/10.1007/s40520-018-0963-4
https://doi.org/10.1016/j.neulet.2010.04.017
https://doi.org/10.1016/j.neulet.2010.04.017
https://doi.org/10.1093/geronb/gbaa219
https://doi.org/10.1016/j.archger.2014.07.017
https://doi.org/10.1017/s1355617709090626
https://doi.org/10.1016/j.jns.2009.02.313
https://doi.org/10.1002/mds.21113
https://doi.org/10.1097/01.npt.0000260567.24122.64
https://doi.org/10.1016/j.cortex.2014.09.022
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0040
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0040
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0041
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0041
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0041
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0041
https://doi.org/10.1371/journal.pone.0125102


V. Nicholson, M. Steele and P. Wilson Annals of Physical and Rehabilitation Medicine 68 (2025) 101899
[43] Ietswaart M, Johnston M, Dijkerman HC, Joice S, Scott CL, MacWalter RS, et al.
Mental practice with motor imagery in stroke recovery: randomized controlled
trial of efficacy. Brain 2011;134:1373–86.

[44] Silva S, Borges LR, Santiago L, Lucena L, Lindquist AR, Ribeiro T. Motor imagery for
gait rehabilitation after stroke. Cochrane Database Syst Rev 2020(9):CD013019.
doi: 10.1002/14651858.cd013019.pub2.

[45] Kalicinski M, Kempe M, Bock O. Motor imagery: effects of age, task complexity, and
task setting. Exp Aging Res 2015;41:25–38. doi: 10.1080/0361073x.2015.978202.

[46] Olsson CJ, Jonsson B, Larsson A, Nyberg L. Motor representations and practice
affect brain systems underlying imagery: an fMRI study of internal imagery in
novices and active high jumpers. Open Neuroimaging J 2008;2:5–13. doi:
10.2174/1874440000802010005.
9

[47] Franchak JM, van der Zalm DJ, Adolph KE. Learning by doing: action performance
facilitates affordance perception. Vision Res 2010;50:2758–65.

[48] Butler AA, Lord SR, Taylor JL, Fitzpatrick RC. Ability versus hazard: risk-taking and
falls in older people. J Gerontol A Biol Sci 2015;70:628. doi: 10.1093/gerona/
glu201.

[49] Pozzi F, Marmon AR, Snyder-Mackler L, Zeni Jr J. Lower leg compensatory strate-
gies during performance of a step up and over task in patient six-months after
total knee arthroplasty. Gait Posture 2016;49:41–6. doi: 10.1016/j.gait-
post.2016.06.018.

[50] Tombaugh T. Trail Making Test A and B: normative data stratified by age and edu-
cation. Arch Clin Neuropsychol 2004;19:203–14. doi: 10.1016/s0887-6177(03)
00039-8.

http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0043
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0043
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0043
https://doi.org/10.1002/14651858.cd013019.pub2
https://doi.org/10.1080/0361073x.2015.978202
https://doi.org/10.2174/1874440000802010005
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0047
http://refhub.elsevier.com/S1877-0657(24)00082-4/sbref0047
https://doi.org/10.1093/gerona/glu201
https://doi.org/10.1093/gerona/glu201
https://doi.org/10.1016/j.gaitpost.2016.06.018
https://doi.org/10.1016/j.gaitpost.2016.06.018
https://doi.org/10.1016/s0887-6177(03)00039-8
https://doi.org/10.1016/s0887-6177(03)00039-8

	Motor imagery does not effectively improve walking-related performance in older adults: A randomised controlled trial
	Introduction
	Method
	Design
	Ethical and regulatory aspects
	Participants
	Assessment
	Primary outcome measure
	Timed up and go test

	Secondary outcomes
	Walking speed
	Step-over test (SOT)
	Trail making test (TMT) part A and B
	The short activities-specific balance confidence (ABC-6) scale
	The kinesthetic and visual imagery questionnaire (KVIQ-10)
	Group allocation and randomisation
	Motor imagery Intervention

	Control group

	Statistical analysis

	Results
	Effect of motor imagery training
	Adherence to motor imagery training
	Correlations

	Discussion
	Effect of motor imagery training
	Relationship between imagined tasks
	Relationship between task deltas
	Relationship between physical tasks
	Relationship between motor walking-related tasks and executive function
	Strengths and limitations
	Practical implications

	Conclusion
	Declaration of competing interest
	Funding
	Acknowledgments

	Supplementary materials
	References



