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Abstract: Background/Objectives: Dementia involves the loss of cognitive abilities and impairs
functional abilities in daily life. In motor imagery (MI) techniques, motor acts are mentally rehearsed
without any overt body movements. The purpose of the randomized controlled trial was to examine
the effects of MI on the motor function of older adults with dementia. Methods: Overall, 160 par-
ticipants (43 men, 117 women, MMSE M = 23.20, SD = 0.15) from an Athens Day Care Center of
the Alzheimer Association were randomized to (a) the MI and exercise group (experimental group)
(n = 55), (b) the only exercise group (1st control group) (n = 52) and (c) the neither MI nor exercise
group (2nd control group) (n = 53). The exercise session comprised 24 physiotherapy exercise sessions,
lasting 45 min each, twice a week for 12 weeks. The exercises were selected from the Otago Exercise
Program. Three assessments were performed: (a) one week prior to the program, (b) at one and a half
months and (c) after the program. The experimental group performed a 30-minute MI with exercise
program content after the end of every physiotherapy exercise session. The Multidirectional Reach
Test, Five Times Sit-to-Stand Test (FTSST), Timed Up and Go test (TUG), Functional Gait Assessment
(FGA) and Berg Balance Scale (BBS) were used to assess participants’ balance and functional status.
Results: In the intention to treat analysis (18 participants dropped out), the 3 × 3 repeated measures
ANOVA indicated statistically significant results between the three groups on (a) the TUG (F = 3.06,
df (2), p = 0.04), (b) the FTSST (F = 3.00, df (2), p = 0.05), (c) the forward direction test (F = 4.14
df (2), p = 0.02), the lateral right and the lateral left direction tests (F = 3.90, df (2), p = 0.02 and
F = 7.87, df (2), p = 0.00, respectively), and (d) the FGA (F = 4.35, df (2), p = 0.01). The Friedman test
showed significant statistical significant differences among the three groups for BBS (X2 = 7.62, df = 2,
p = 0.22), and an effect size of partial η2 coefficient for F-tests was found. Post hoc comparisons using
a Bonferroni test for ANOVA and Wilcoxon test for Friedman indicated that the mean scores for
the experimental group and the 1st control were significantly better than the 2rd control group in
many dependent variables. Conclusions: The study showed a positive effect of MI on balance and
the functional status of older adults with early stages of dementia with possible beneficial effects on
maintaining independence and reducing physical decline.

Keywords: dementia; imagery; physiotherapy; balance; functional status

1. Introduction

Dementia represents a primarily geriatric syndrome where Alzheimer’s disease is the
leading cause and typical form of dementia. The number of people living with dementia
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worldwide in 2019 was estimated at 57 million and is projected to increase to 153 million
by 2050 [1].

It is characterized by a chronic, progressive loss of cognitive function without fluctuat-
ing consciousness accompanied by a decline from the individual’s prior level of function
and a loss of ability in physical activity, impairing functional abilities in day-to-day life.
It confers an increased risk of falls. Each year, 60–80% of people with dementia fall [2].
Indeed, fall rates were higher among people with dementia compared to persons without
dementia [3]. Furthermore, studies report that an early stage or mild stage of dementia is
associated with an increased falls risk [4], osteoarthritis and pain [5], and poor balance [6],
and it represents a stage for early intervention. Another study reports that people with
early stage or mild dementia that experienced a progressive memory decline also face
self-perceived problems with daily activities, i.e., a decline in memory performance which
impairs everyday functioning [7].

Exercise intervention has been used for those with all stages of dementia with in-
conclusive findings [8]. A recent systematic review revealed that larger studies involving
multimodal exercise interventions appear to suggest a positive effect on physical per-
formance [8–10] and ADL (activities of daily living) functioning [9–11], although not all
studies reported a significant difference. These studies incorporated mainly aerobic inter-
ventions [9,12,13]. On the contrary, other exercise intervention programs did not improve
functioning [14]. Harwood et al. [15] found that the intervention program entitled “Promot-
ing activity, Independence, and Stability in Early Dementia” (PrAISED) did not improve
activities of daily living or physical activity, reduce falls, or improve any other secondary
health status outcomes in 365 adults with early dementia

The Otago Exercises Program (OEP) is another therapeutic exercise that has been
used in the present study; it is a low-cost option that requires minimal equipment. Meta-
analyses showed that a 30-minute training session of the OEP significantly improved
physical function, pain management, functional independence/functional mobility, static
and dynamic balance, and lower limb strength, and it reduced the number/rate of falls
in older people [16–18]. Similarly, a recently RCT reported that the older people who
participated in the OEP for 8 weeks (thrice a week) had better score on Berg Balance Scale
than the control group [19]. However, in another RCT, it was found that the OEP did not
improve the fear of falling, the strength of the upper extremities and the results of the
6-minute walk test [20]. Due to inconsistent findings, it is crucial to conduct high-quality
methodological studies with large and more homogenous samples to determine the effects
of exercise programs on health outcomes in participants with dementia.

Harwood et al. [15] suggested using alternative approaches for maintaining func-
tion and well-being in people with dementia. Motor imagery (MI) has been used as
an alternative and complementary technique which indicates the visual (i.e., imagining
‘seeing’) and kinesthetic (i.e., imagining ‘feeling’) representation of a movement without
actual execution [21,22]. Both execution and MI adhere to Fitts’s law, which states that
the time to execute or imagine a movement is influenced by the accuracy demands of
the task [23,24]. According to the ‘functional equivalence hypothesis’, rooted in motor
simulation theory [14,15], the similarities between actual execution and MI arise from
shared motor-cognitive neural processes. These processes enable the imagined rehearsal
of movement using cognitive motor planning mechanisms [22]. Strong support for the
functional equivalence hypothesis comes from brain imaging studies, which show that MI
and actual motor execution activate similar brain regions [25,26]. These activations include
a distributed premotor–parietal network and several subcortical structures, such as the
putamen and cerebellum [25,27].

MI is considered an effective tool in neurological rehabilitation, as evidenced by its use
in stroke [28], Parkinson’s disease [29], and multiple sclerosis [30] to improve gait speed,
gait performance, balance, and cognitive function, activities of daily living and quality of
life. MI has important advantages in that it is not invasive, it is a safe, low-cost therapy,
and it can be performed at home [31].
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No studies to date have explored the role of MI on the motor function of older adults in
the early stages of dementia. Experimental research investigating the psychophysiological
mechanisms of MI in dementia is notably lacking. Understanding these processes is not
only of theoretical significance but also holds clinical relevance. Such insights could assist
physiotherapists in integrating MI into rehabilitation programs, enhancing participants’
mobility. Physical exercise, in combination with MI, may provide preventive benefits by
enhancing physical abilities and reducing fall risk, which is crucial for this population.
Consequently, this study aims to evaluate the effects of MI on the motor performance of
older adults with early-stage dementia.

2. Materials and Methods
2.1. Study Design

This study was a single blind randomized control trial (RCT) conducted in compliance
with the Declaration of Helsinki and Good Clinical Practice (GCP). Ethical Approval
was obtained by the Ethics Committee of the University of West Attica (study’s protocol:
93292—26 October 2021). Also, the protocol of the study has been approved by the Day
Center Alzheimer Athens Association, Athens, Greece. The trial was registered with
ClinicalTrials.gov under the identifier NCT05232526.

2.2. Sample

The sample size was determined using G*Power version 3 with an effect size of 0.9,
power of 0.8, and an alpha (α) error of 0.05 for an a priori power analysis, which was con-
ducted for a one-tailed t-test comparing independent means. A non-probability convenient
sampling technique was used. The present study used a total of 160 participants from the
Day Care Centers in Athens Alzheimer Association from September 2021 to June 2024, and
142 of them completed the intervention. Older people with early stage of dementia, aged
65 to 95 years, participated. They were allocated to the experimental or to either of the two
control groups, using a randomization method by drawing lots. One of the researchers
was responsible for the enrollment and assigning participants to the allocation group, the
MI and exercise program (experimental group) or to either of the control groups (only
exercise program (1st control group), neither MI nor exercise program (2nd control group).
The EG followed the 4-week intervention program in addition to their physiotherapy
exercise program. The inclusion criteria of the sample were (a) 65 < age < 95 years old,
(b) diagnosed with Alzheimer’s type early-stage dementia according to the International
Statistical Classification of Diseases and Related Health Problems [ICD]—10 Version: 2019:
F00, F01-F03; Mini-Mental State Examination [MMSE] with a score of 20–25 points, (c) good
oral and written communication skills and the ability to follow instructions, (d) both sexes,
(e) ambulatory, (f) no health issues in the past month and (g) willingness to participate in
the study. The exclusion criteria for the sample were (a) late-stage dementia, (b) psychiatric
disorders, (c) serious health conditions, such as significant cardiovascular or respiratory
disease, (d) co-occurrence of other neurological diseases and (e) not able to walk. An
information sheet and consent form was provided to all participants.

2.3. Outcomes

Demographic data were collected once in the baseline assessment. The outcomes
measures were assessed three times over a period of approximately three months: an initial
baseline assessment before the intervention period (pre), a mid-point assessment during
the intervention program, and a post-assessment that took place three months after the
intervention concluded. The outcomes measures are outlined below.

2.3.1. Balance

(a) The Berg Balance Scale (BBS) is an objective tool used to assess a participant’s
ability to safely maintain balance during a series of predetermined tasks. It consists of
14 items, which were each scored on a 5-point ordinal scale ranging from 0 (lowest level of
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function) to 4 (highest level of function). The assessment takes approximately 20 min to
complete. Research has confirmed the reliability of the Berg Balance Scale in older adults
with mild to moderate Alzheimer’s disease (AD) [32,33].

(b) The Multidirectional Reach Test (also known as the Reach in Four Directions Test)
is a screening tool used to assess participants’ stability limits in four directions: forward,
backward, leftward, and rightward. Participants perform a maximal reach in each direction
with outstretched arms while keeping their feet flat on the floor, and reach is measured as
the total hand excursion using measuring tape [34].

(c) The Five Times Sit-to-Stand Test (FTSST) is a reliable, low-cost tool for assessing
sit-to-stand ability. The FTSST records the time taken to stand five times from a seated
position as quickly as possible, measuring lower limb strength, balance control, and exercise
capacity [35].

2.3.2. Functional Status

(a) The Timed Up and Go Test (TUG) is a simple tool used to investigate a person’s
mobility. It measures the time taken for a participant to rise from a chair, walk three meters,
turn 180 degrees, walk back to the chair, and sit down, also turning 180 degrees during the
process [36,37].

(b) The Functional Gait Assessment (FGA) evaluates a participant’s ability to perform
multiple motor tasks while walking. It consists of 10 items, including gait on a level surface,
changing gait speed, walking with horizontal and vertical head turns, a 180◦ pivot turn,
stepping over obstacles, walking with a narrow base of support, walking with eyes closed,
backward walking, and ascending stairs. Each item is scored on a 4-point ordinal scale
(0–3), where 0 indicates severe impairment and 3 indicates normal ambulation. The total
score is calculated by summing the scores of all 10 items with a maximum possible score of
30 [38].

2.4. Intervention Description

The study included the use of a mental and exercise program including the following.

(a) MI program

MI began as soon as the exercise program started. The experimental group participated
in 24 sessions featuring 30 min of imagery practice, which started with the first exercise
session. Each imagery session was conducted in a quiet space immediately after the
corresponding exercise session. During the imagery sessions, participants visualized the
same exercises they had just completed in the exercise program at the Marousi Day Center,
Alzheimer Athens Association. All imagery sessions were consistent and identical for all
participants in the experimental group.

(b) Physiotherapy exercise program

The participants in the experimental group and the 1st control group completed the ex-
ercise program under the guidance of the same experienced physiotherapist at the Marousi
Day Care Center in the Athens Alzheimer Association. They received 24 physiotherapy
sessions, each lasting 45 min, twice a week, over a period of three months (12 weeks). The
exercise program was based on the OEP and included a warm-up period to promote circu-
lation and prepare the body for the exercises. During the warm-up, participants mobilized
their joints and stretched their muscles. Afterwards, it included exercises for muscular
strength and muscle endurance with and/or without the use of weights. All strength
exercises were performed slowly and with control through the subjects’ individual range of
movement. Balance is essential for improving posture and performing everyday activities.
Dynamic and static balance exercises can enhance confidence and reduce the risk of falling.
Cool-down stretches improve flexibility and promote relaxation, helping to reduce fatigue
and refresh the body after an exercise session. The exercise program included the following
activities: (a) easy marching, (b) head movements, (c) back extensions, (d) ankle movements,
(e) front and back knee strengthening, (f) side hip strengthening, (g) calf and toe raises
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(hold), (h) toe and heel walking, (i) one-leg stances, (j) sideways walking, (k) sit-to-stand,
and (l) back-of-thigh and calf stretches All participants perform the same type of exercises
during their program. They advanced to the next level of exercises when they were able to
complete the current exercises [39].

We examined the imagery ability of the participants of the experimental group by
asking them to complete the Vividness of Movement Imagery Questionnaire (VMIQ) [40].
This instrument consists of 24 items related to movement imagery, including visual im-
agery of movement itself and kinesthetic imagery. Participants are required to imagine
performing the movements themselves as well as imagine someone else performing the
same movements. The items are grouped into six categories, each with four items: (a) basic
movements, (b) basic movements with more precision, (c) movements with control but
some unplanned risk, (d) movements involving object control, (e) movements causing
imbalance and recovery, and (f) movements requiring control in aerial situations. The
VMIQ uses a 5-point scale, ranging from 1 (perfectly clear and as vivid as normal vision)
to 5 (no image at all, only a sense of the skill). In the first four sessions of the intervention
phase, participants were introduced to imagery and provided with a brief overview of
the impact of imagery on clinical and healthy populations. During these initial sessions,
each participant engaged in exercises and followed instructions designed to develop their
imagery skills in terms of self-perception, vividness, and controllability. This training
aims to help participants visualize, control, and vividly construct mental images. Before
each imagery training session, a relaxation technique was applied, as it has been shown
to enhance the clarity and vividness of imagery representations [41]. At the end of each
session, participants completed a manipulation check using a Likert scale ranging from
1 (not at all) to 5 (very much) to assess whether they are imagining the content vividly
and accurately.

Assessment was undertaken by the same physiotherapist experienced in the manage-
ment of the participants with early dementia. The assessor involved in data collection was
trained in the study procedures and familiar with the use of the study instruments and mea-
surements. A blind assessor was involved in musculoskeletal assessing of the participants.

2.5. Statistical Analysis

Data are expressed as mean ± standard deviation for continuous variables and as
frequencies and percentages for categorical variables. The homogeneity between groups
was assessed using an independent samples t-test for numerical variables and the chi-square
(χ²) test for categorical variables with a significance level of α = 0.05. The Kolmogorov–
Smirnov test was used for normality analysis of the variables. An intention-to-treat analysis
was conducted to account for dropouts, using the last observation carried forward (LOCF)
technique [42]. Parametric analyses involved a 3-way repeated measures ANOVA model
to compare the time-related changes in the following variables for each group: (a) the TUG,
(b) the FTSST, (c) the forward direction test, the lateral right and left direction tests, and (d)
the FGA. The effect size for F-tests was assessed using the partial Eta squared coefficient
(η²), with values of 0.01, 0.06, and 0.14 representing small, medium, and large effect sizes,
respectively. Post hoc comparisons were conducted with Bonferroni’s correction. For
non-parametric analyses, Friedman test’s was applied for repeated measures for the BBS
test, and post hoc comparisons were performed using the Wilcoxon signed-rank test. All
tests were two-sided, and statistical significance was set at p < 0.05. All analyses were
conducted using the SPSS statistical package (version 29.0.0) (IBM Corporation, Somers,
NY, USA).

3. Results

Table 1 shows the demographic and clinical characteristics of the participants. One hun-
dred and sixty participants (43 men, 117 women, M = 77.94 years, SD = 7.19, MMSE = 23.20,
SD = 0.15) participated in the study. The most common first symptom reported by 137 partic-
ipants was the loss of memory. No statistically significant differences were found between
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the three groups at baseline on all the demographic and clinical characteristics of the
participants (Table 1).

Table 1. Characteristics of the participants.

Variables Experimental Group
(n = 55)

1st Control Group
(n = 52)

2nd Control Group
(n = 53)

One-Way ANOVA
F/X2

Age, years M (SD) 79.23 (6.58) 78.46 7.25 76.07 7.50 F (2, 2.87), p = 0.06
MMSE 23.45 (2.00) 22.73 2.04 23.41 1.59 F (2, 2.42), p = 0.09

Education χ2 (2, N = 160) = 1.27,
p = 0.28

University, n (%) 32 (58.2) 23 (44.2) 24 (45.3)
High School, n (%) 14 (25.5) 16 (30.8) 18 (34)

Family status χ2 (2, N = 160) = 0.19,
p = 0.82

Married n (%) 35 (63.5) 33 (63.5) 33 (62.3)
Widow n (%) 17 (30.9) 13 (25) 17 (32.1)

Divorced 1 (1.8) 1 (1.8) 2 (3.8)

Live together χ2 (2, N = 160) = 0.14,
p = 0.86

Husband/Wife 34 (61.8) 35 (67.3) 33 (62.3)
Child 11 (20) 8 (15.4) 6 (11.3)

Take care - 3 (5,8) 1
Alone 10 (18.2) 6 (11.5) 10 (18.9)

Have children χ2 (2, N = 160) = 2,87,
p = 0.06

Yes 53 (96.4) 52 (100) 44 (83)
No 2 (3.6) - 9 (17)

Number of children F (2, 2.67), p = 0.07
1 child 14 (25.5) 13 (25) 23 (43.4)

2 children 33 (60) 32 (61.5) 19 (35.8)

Profession χ2 (2, N = 160) = 2,37,
p = 0.09

Civil servant 10 (18.2) 5 (9.6) 6 (11.3)
Teacher 7 (12.7) 7 (13.5) 9 (17)

Housework 6 (10.9) 5 (9.6) 7 (13.2)
Private servant 5 (9.1) 16 (30.8) 6 (11.3)

Chief engineering in military navy 3 (5.5) 1 (1.9) 1 (1.9)
Salesman 1 (1.8) - -

Falls F (2, 0.99), p = 0.37
No falls 32 (58.2) 33 (653.5) 33 (62.3)

1 fall 14 (25.5) 10 (19.2) 16 (30.2)
2 falls 8 (14.5) 9 (17.3) 4 (7.5)

The italics are the demographic characteristics of the participants.

Eighteen participants dropped out for various reasons [i.e., fractures (2 participants),
deaths (7 participants), transportation reasons (5 participants), COVID disease (2 partici-
pants), weather issues (2 participants)]; thus, an intention-to-treat analysis due to dropouts
was performed using the last observation carried forward (LOCF) technique. The mea-
surements of (a) the TUG, (b) the FTSST, (c) the forward direction test, the lateral right
and lateral left direction tests and (d) the FGA were normally distributed, whereas the
measurement of BBS were not normally distributed. The 3 × 3 repeated measures ANOVA
investigated the differences between the three different groups (between-subjects effect)
and across the three repeated measurements (within-subjects effect). Partial variance effect
sizes (η2) were used to determine the percentage of variation in the data that could be
attributed to treatment differences (Table 2). The results showed statistical significant
differences between the three groups in all the variables except the back direction test (F = 2,
2.48), p = 0.08.
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Table 2. Descriptive statistics and 3 × 3 ANOVA test of the TUG, FTSST, multiforward, lateral right
and left direction tests and FGA (mean, SD).

Variables
Measurement

(M, SD)

Experimental
Group (n = 55)

1st Control Group
(n = 52)

2nd Control Group
(n = 53) F (2, df) p-Value η2

TUG

1st 11.07 (3.11) 10.98 (3.00) 10.96 (4.03) 16.85 0.00 0.18

2nd 10.38 (2.48) 10.78 (2.95) 11.52 (4.23)

3rd 9.85 (2.94) 11.04 (3.32) 13.24 (4.08)

FTSST 19.26 0.00 0.19

1st 13.84 (3.97) 13.60 (4.61) 13.21 (3.85)

2nd 12.70 (2.90) 12.65 (3.55) 13.85 (3.65)

3rd 11.32 (2.23) 12.63 (3.33) 15.18 (3.84)

Forward
Direction 4.14 0.02 0.05

1st 57.50 (16.93) 59.79 (63.76) 53.79 (13.38)

2nd 62.19 (15.47) 63.76 (17.89) 55.58 (10.56)

3rd 72.31 (14.78) 80.31 (16.86) 74.23 (18.42)

Lateral Right
Direction 3.90 0.02 0.05

1st 49.76 (10.43) 54.75 (14.26) 55.69 (11.73)

2nd 52.49 (10.95) 55.35 (16.24) 58.68 (11.36)

3rd 53.81 (10.07) 60.16 (13.34) 55.05 (11.32)

Lateral Left
Direction 7.86 0.00 0.09

1st 48.13 (11.66) 54.37 (13.29) 61.33 (12.75)

2nd 53.65 (11.61) 57.30 (14.26) 61.77 (12.09)

3rd 72.30 (14.78) 80.30 (16.86) 77.62 (15.29)

FGA 4.43 0.00 0.05

1st 28.81 (2.22) 28.34 (2.48) 29.17 (1.28)

2nd 28.78 (2.06) 27.38 (3.34) 28.07 (2.23)

3rd 29.09 (1.65) 27.69 (4.07) 27.26 (2.40)

Post hoc comparisons using the Bonferroni correction showed the following mean
score trends:

(a) For the TUG test, the experimental group (M = −1.48, SD = 0.60) was significantly
different than the 2nd control group (p = 0.04);

(b) For the FTSST, the experimental group (M = −1.46, SD = 0.60) was significantly
different from the 2nd control group (p = 0.05);

(c) For the FUG test, the experimental program (M = 1.09, SD = 0.37) was significantly
different from the 1st control group (p = 0.01);

(d) For the forward direction test, the 2nd group (M = 6.75, SD = 2.35) was significantly
different from the 2nd control group (p = 0.01);

(e) For the lateral right direction test, the experimental group (M = −4.73, SD = 1.91) was
significantly different from the 1st control group (p = 0.04) and the 2nd control group
(M = −4.45, SD = 1.71) (p = 0.03);
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(f) For the lateral left direction test, the experimental group (M = −5.96, SD = 1.30) was
significantly different from the 1st control group (p = 0.03) and the 2nd control group
(M = −8.88, SD = 2.29 (p = 0.00).

A comparison of the repeated measures was performed using Friedman’s test showing
a significant statistical result between the three groups in BBST χ2(2) = 7.63, p = 0.02. Post
hoc analysis with a Wilcoxon signed-rank test was conducted with a Bonferroni correction
applied, resulting in a significance level set at p < 0.00. The mean BBST index (±SD) was
53.39 (3.56) at baseline, 54.53 (1.64) in the middle of the intervention program and 54.33
(2.17) at the end of the intervention program. A significant increase was seen between the
experimental group and the 1st control group (Z = −4.32, p = 0.00) as well as between the
intervention group and the 2rd control group (Z = −3.40, p = 0.00).

Possible scores on the Vividness of Movement Imagery Questionnaire are from
24 (highest imagery ability) to 120 (lowest ability). The range of scores for ‘watching
somebody else’ was 46–90 (M = 60.80, SD = 10.72), and for ‘doing it himself/herself’, the
range was 38–78 (M = 50.00, SD = 10.70). The vividness of the majority of images obtained
during the ‘doing it himself/herself’ condition was clear and reasonable. The overall
imagery ability score ranged from 26.2 to 36.4 (M = 30.76, SD = 2.25). Participants felt the
exercise performance fairly to very vividly and clearly.

4. Discussion

The aim of the current study was to examine the effect of MI on the motor performance
of older people with a neurodegenerative disease, specifically focusing on individuals
with dementia. Participants in the experimental group underwent MI sessions following
each physiotherapy session. The content of every MI session was identical to that of the
OEP session. The study aimed to determine the effectiveness of MI on the balance and
functional status of participants with dementia. The results showed that the participants of
the experimental group exhibited better balance and functional status than the two control
groups as this was recorded by the TUG, FTSST, forward and lateral direction tests, FGA
and BBS.

The underlying mechanisms by which MI influences motor behavior remain a topic of
debate. MI is a conscious process; that is, it refers to the capability of imagining performing
a given motor action or motor skill. It is not so clear yet if this imagining is directly or
indirectly correlated to the motor process per se. Evidence suggests that neurophysiolog-
ical activity during motor imagery closely resembles that seen during actual movement
execution. This similarity supports the hypothesis that MI may induce changes in the
motor cortex that influence subsequent physical performance. During motor imagery
(MI), the motor cortex maintains the same overall population dynamics as during motor
execution by reorienting the components related to motor output and/or feedback into a
unique, output-null imagery subspace [43]. Specifically, the pathways activated during MI
partially overlap with those used in motor execution [44], including the premotor cortex,
primary motor cortex, posterior parietal regions (e.g., the inferior and superior parietal
lobes), and the cerebellum [45]. The imagery intervention affects the neural information
that transferred to the central nervous system. This assumption indicates that imagery
plays a role in the cognitive programming of a motor response that takes place in the
highest level of CNS function—i.e., motor cortex, basal ganglia, and the cerebellum; thus,
imagery is responsible for the adaptive changes in central processes.

Anderson et al. [46] reviewed the use of guided imagery in AD and dementia. They
found that only a small number of studies have examined if individuals with dementia
can benefit from MI (motor imagery). One such study by Heyn [47] (n = 13) showed
improvements in heart rate, overall mood, and engagement in physical exercise following
a multisensory intervention that combined imagery with a warm-up session of seated
exercise. Additionally, Hussey et al. [48] found that individuals with mild Alzheimer’s
could perform basic visual imagery but not at a complex level designed to enhance verbal
recognition, which was the aim of the study. As a result, Anderson et al. [46] concluded that
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due to the limited number of studies on guided imagery interventions for participants with
dementia and AD, this modality warrants an evidence grade of C1. Actually, in both of the
aforementioned studies of Andersen’s review, the samples had AD and not dementia.

To our knowledge, no studies have directly examined the effects of MI intervention on
the functional status of participants with dementia. The psycho-neurophysiological mech-
anism that takes part in the functional stability of dementia should be further examined.
Thus, it is important that new research efforts should be directed to provide additional
information on the connection between imagery and the functional stability of participants
with dementia.

While research on MI in Parkinson’s disease exists, findings are not similar. A system-
atic review and meta-analysis, which included 12 studies with 320 participants, assessed
the use of MI in rehabilitation outcomes for Parkinson’s disease. In particular, seven studies
reported significant improvements in motor function, and one study reported significantly
increased confidence in daily task performance. However, no statistically significant effects
were found in the meta-analyses due to the small number of studies and the heterogeneity
of interventions and outcome measures used [22]. In contrast, a multicenter RCT did not
find differences between embedded MI and relaxation with current standard of care in
47 participants with Parkinson disease that followed a six-week intervention period on
walking performance, the TUG test, and the 10 m walk test [49]. How et al. [50] discussed
in their review the potential use of MI from people with freezing of gait due to Parkin-
son’s disease and what MI dosage is most effective. Another study showed that imagery
training alone enabled the Huntington’s diseases patients to achieve a significant approach
to movement isochrony, whereas the Parkinson’s diseases patients showed no marked
improvements neither with motor imagery nor with motor practice [51]. MI has also been
investigated in patients with multiple sclerosis; Tacchino et al. [52] showed that a few
mental repetitions of an action might be sufficient to exert a priming effect on the actual
execution of the same action; thus, this can be a promising potential rehabilitation method
in this clinical population.

There is considerable evidence supporting the benefits of exercise for individuals with
dementia. An international collaborative guideline reported that in people with moderate
dementia, exercise could be considered as a means to stabilize disability when compared to
usual care [53]. Systematic reviews have showed that both mixed and home-based physical
activity improve several non-cognitive outcomes (such as disability and physical function
tests) in individuals with dementia [53,54]. An expert consensus statement indicated that
86% of the experts agreed that physical activity/exercise is crucial for maintaining cognitive
reserve and function in people with dementia [54]. Li et al. [55] reported that physical
exercise improved both cognitive ability and walking ability in patients. They suggested
that the number of training sessions should not be excessive with a total of fewer than
30 interventions. The authors recommend long-term exercise training for middle-aged and
elderly patients with dementia or those predisposed to it. They specifically recommend
multi-component and aerobic training, with two to three exercise sessions per week, each
lasting about 60 min. Similarly, in the present study, OPE sessions were performed twice
per week for about 45–60 min each.

The present study used a sample with older people with dementia. While many studies
have focused on MI’s effects on healthy older adults, few have addressed dementia patients
specifically. A systematic review with meta-analyses showed that MI can significantly
improve balance gait speed and TUG; however, the quality of evidence was very low to
low [56]. Nicholson et al. [57] reported in their RCT that during a single session of motor
imagery training, the timing of an imagined locomotor task was refined to better match
that of the physically performed task. Motor imagery training led to greater improvements
in locomotor performance compared to controls, suggesting that locomotor-related motor
imagery can enhance mobility in independent, community-dwelling older adults. A more
recent RCT showed that after an exercise intervention three times a week for six weeks,
significant improvements were observed in path length, BBS, TUG, velocity, cadence, step
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length, and stride length in both the motor imagery (MI) training group and the task-
oriented training group compared to the control group. These results suggest that motor
imagery training combined with functional training has positive effects on balance, gait,
and fall efficacy, contributing to fall prevention in the elderly [58]. Similarly, the present
study demonstrated that MI can positively affect the motor performance of older adults
with early-stage dementia.

A major strength of the current study was its large sample size, which enabled the use
of valid tests for the subjective evaluation of balance and functional status. The inclusion of
the OEP in this clinical population is also notable. No previous studies have combined OEP
with MI for dementia patients. This pioneering research study opens new paths regarding
the treatment of dementia. In addition, the imagery ability of the experimental group was
accepted. The limitations of the present study are the participants’ diverse age and sex.
However, it is not possible to find subjects that have the same demographic characteristics.
Also, the participants had a specific stage of dementia, so the present results cannot be
generalized to other stages of dementia. Finally, there has been some participant dropout,
which is considered normal due to their age.

Future research should be conducted to clarify whether changes in the central nervous
system affect muscular performance and if so identify which specific neurophysiological
mechanisms are responsible for improvements in balance and functional performance
in dementia. Studies should also explore MI’s effects on the middle stage of dementia
and if there are differences in the effectiveness between visual and kinesthetic imagery on
participants with dementia. It will be interested to investigate in the future the effectiveness
of MI on other neurodegenerative diseases and on other variables such as quality of life or
the emotional and psychological status of participants with dementia. Also, more valid
tests and/or instruments should be used in future studies to assess the MI ability of this
clinical population. A replication of the present findings is recommended.

5. Conclusions

The current study showed that the participants with early-stage dementia who used
MI exhibited improved balance and functional status compared to control groups. These
findings suggest that MI may offer new approaches for enhancing dementia treatment.
Replicating these results in future studies is essential along with further research into the
relationship between MI and conditions such as mild cognitive impairment, dementia,
or Alzheimer’s disease. Additionally, future research should explore the underlying psy-
chophysiological processes involved in treating dementia particularly through the use of
other complementary techniques.

Author Contributions: Conceptualization, A.C. and V.S.; Methodology, A.C., V.S., M.P. and G.S.;
Software, A.C.; Validation, A.C. and V.S.; Formal Analysis, A.C.; Investigation, A.C. and C.B.;
Resources, A.C.; Data Curation, A.C.; Writing—Original Draft Preparation, A.C.; Writing—Review
and Editing, A.C., C.B., M.P., G.S. and V.S. Visualization, A.C. and V.S.; Supervision, V.S.; Project
Administration, V.S.; Funding Acquisition, A.C. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of University of West Attica (Number
protocol: 93292—26 October 2021).

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to
publish this paper.

Data Availability Statement: Dataset available on request from the authors.

Acknowledgments: We would like to thank all the participants for their contribution.

Conflicts of Interest: The authors declare no conflicts of interest.



Brain Sci. 2024, 14, 1151 11 of 13

References
1. GBD, 2019. Dementia Forecasting Collaborators. Estimation of the global prevalence of dementia in 2019 and forecasted

prevalence in 2050: An analysis for the Global Burden of Disease Study 2019. Lancet Public Health 2022, 7, e105–e125. [CrossRef]
[PubMed]

2. Allan, L.M.; Ballard, C.G.; Rowan, E.N.; Kenny, R.A. Incidence and prediction of falls in dementia: A prospective study in older
people. PLoS ONE 2009, 4, e5521. [CrossRef] [PubMed]

3. Okoye, S.M.; Fabius, C.D.; Reider, L.; Wolff, J.L. Predictors of falls in older adults with and without dementia. Alzheimer’s
Dementia. J. Azheimer’s Assoc. 2023, 19, 2888–2897. [CrossRef] [PubMed]

4. Nissim, M.; Hutzler, Y.; Goldstein, A. A walk on water: Comparing the influence of Ai Chi and Tai Chi on fall risk and verbal
working memory in ageing people with intellectual disabilities—A randomised controlled trial. J. Intellect. Disabil. Res. 2019, 63,
603–613. [CrossRef]

5. Tsai, P.; Chang, J.; Beck, C.; Kuo, Y. A randomized controlled trial of a 20 week Tai Chi program for osteoarthritic knee pain in
elders with mild dementia. J. Pain 2011, 12, P71. [CrossRef]

6. Lin, Y.C.; Hsu, W.C.; Chen, C.H.; Wang, C.W.; Wu, K.P.H.; Wong, A.M.K. Simplified Tai Chi 6-form apparatus for balance in
elderly people with Alzheimer’s disease. J. Med. Biol. Eng. 2019, 39, 682–692. [CrossRef]

7. Ross, S.D.; Kreß, J.; Rodriguez, F.S. Self-perceived problems in daily activities and strategy building in people with different
stages of dementia. Psychogeriatr. Off. J. Jpn. Psychoger Soc. 2024, 24, 108–116. [CrossRef]

8. Harwood, R.H.; Goldberg, S.E.; Brand, A.; van Der Wardt, V.; Booth, V.; Di Lorito, C.; Hoare, Z.; Hancox, J.; Bajwa, R.; Burgon, C.;
et al. Promoting Activity, Independence, and Stability in Early Dementia and mild cognitive impairment (PrAISED): Randomized
controlled trial. BMJ 2023, 382, e074787. [CrossRef]

9. Boer, D.; Schmidt, C.; Sterke, S.; Schoones, J.; Elbers, R.V.; Vlieland, T. Characteristics and effectiveness of physical therapist-
supervised exercise interventions for nursing home residents with dementia: A systematic review. Innov. Aging 2024, 8, e061.
[CrossRef]

10. Telenius, E.W.; Engedal, K.; Bergland, A. Effect of a high-intensity exercise program on physical function and mental health
in nursing home residents with dementia: An assessor blinded randomized controlled trial. PLoS ONE 2015, 10, e0126102.
[CrossRef]

11. Toots, A.; Littbrand, H.; Lindelöf, N.; Wiklund, R.; Holmberg, H.; Nordström, P.; Lundin-Olsson, L.; Gustafson, Y.; Rosendahl, E.
Effects of a high-intensity functional exercise program on dependence in activities of daily living and balance in older adults with
dementia. J. Am. Geriatr. Soc. 2016, 64, 55–64. [CrossRef] [PubMed]

12. Littbrand, H.; Lundin-Olsson, L.; Gustafson, Y.; Rosendahl, E. The effect of a high-intensity functional exercise program on
activities of daily living: A randomized controlled trial in residential care facilities. J. Am. Geriatr. Soc. 2009, 57, 1741–1749.
[CrossRef] [PubMed]

13. Venturelli, M.; Scarsini, R.; Schena, F. Six-month walking program changes cognitive and ADL performance in patients with
Alzheimer. Am. J. Alzheimers Dis. Other Dement. 2011, 26, 381–388. [CrossRef] [PubMed]

14. Cancela, J.M.; Ayán, C.; Varela, S.; Seijo, M. Effects of a long-term aerobic exercise intervention on institutionalized patients with
dementia. J. Sci. Med. Sport 2015, 19, 293–298. [CrossRef] [PubMed]

15. Lamb, S.E.; Sheehan, B.; Atherton, N.; Nichols, V.; Collins, H.; Mistry, D.; Dosanjh, S.; Slowther, A.M.; Khan, I.; Petrou, S.; et al.
Dapa trial investigators. Dementia and physical activity (DAPA) trial of moderate to high intensity exercise training for people
with dementia: Randomized controlled trial. BMJ 2018, 16, k1675. [CrossRef]

16. Chiu, H.-L.; Yeh, T.-T.; Lo, Y.-T.; Liang, P.-J.; Lee, S.-C. The effects of the Otago Exercise Programme on actual and perceived
balance in older adults: A meta-analysis. PLoS ONE 2021, 16, e0255780. [CrossRef]

17. Peng, Y.; Yi, J.; Zhang, Y.; Sha, L.; Jin, S.; Liu, Y. The effectiveness of a group-based Otago exercise program on physical function,
frailty and health status in older nursing home residents: A systematic review and meta-analysis. Geriatr. Nurs. 2023, 49, 30–43.
[CrossRef]

18. Kong, L.; Zhang, X.; Zhu, X.; Meng, L.; Zhang, Q. Effects of Otago Exercise Program on postural control ability in elders living in
the nursing home: A systematic review and meta-analysis. Medicine 2023, 102, e33300. [CrossRef]

19. Kp, N.D.A.; Nawed, A.; Nuhmani, S.; Khan, M.; Alghadir, A.H. Comparison of effects of Otago exercise program vs gaze stability
exercise on balance and fear of fall in older adults: A randomized trial. Medicine 2024, 103, e38345. [CrossRef]

20. Genç, F.Z.; Bilgili, N. The effect of Otago exercises on fear of falling, balance, empowerment and functional mobility in the older
people: Randomized controlled trial. Int. J. Nurs. Pract. 2023, 29, e13194. [CrossRef]

21. Jeannerod, M. The representing brain: Neural correlates of motor intention and imagery. Behav. Brain Sci. 1994, 17, 187–202.
[CrossRef]

22. Jeannerod, M. Neural simulation of action: A unifying mechanism for motor cognition. NeuroImage 2001, 14, S103–S109. [CrossRef]
[PubMed]

23. Decety, J.; Jeannerod, M. Mentally simulated movements in virtual reality: Does Fitt’s law hold in motor imagery? Behav. Brain
Res. 1995, 72, 127–134. [CrossRef] [PubMed]

24. Macuga, K.L.; Papailiou, A.P.; Frey, S.H. Motor imagery of tool use: Relationship to actual use and adherence to Fitts’ law across
tasks. Exp. Brain Res. 2012, 218, 169–179. [CrossRef] [PubMed]

https://doi.org/10.1016/S2468-2667(21)00249-8
https://www.ncbi.nlm.nih.gov/pubmed/34998485
https://doi.org/10.1371/journal.pone.0005521
https://www.ncbi.nlm.nih.gov/pubmed/19436724
https://doi.org/10.1002/alz.12916
https://www.ncbi.nlm.nih.gov/pubmed/36633222
https://doi.org/10.1111/jir.12602
https://doi.org/10.1016/j.jpain.2011.02.287
https://doi.org/10.1007/s40846-018-0451-5
https://doi.org/10.1111/psyg.13047
https://doi.org/10.1136/bmj-2023-074787
https://doi.org/10.1093/geroni/igae061
https://doi.org/10.1371/journal.pone.0126102
https://doi.org/10.1111/jgs.13880
https://www.ncbi.nlm.nih.gov/pubmed/26782852
https://doi.org/10.1111/j.1532-5415.2009.02442.x
https://www.ncbi.nlm.nih.gov/pubmed/19702617
https://doi.org/10.1177/1533317511418956
https://www.ncbi.nlm.nih.gov/pubmed/21852281
https://doi.org/10.1016/j.jsams.2015.05.007
https://www.ncbi.nlm.nih.gov/pubmed/26087884
https://doi.org/10.1136/bmj.k1675
https://doi.org/10.1371/journal.pone.0255780
https://doi.org/10.1016/j.gerinurse.2022.10.014
https://doi.org/10.1097/MD.0000000000033300
https://doi.org/10.1097/MD.0000000000038345
https://doi.org/10.1111/ijn.13194
https://doi.org/10.1017/S0140525X00034026
https://doi.org/10.1006/nimg.2001.0832
https://www.ncbi.nlm.nih.gov/pubmed/11373140
https://doi.org/10.1016/0166-4328(96)00141-6
https://www.ncbi.nlm.nih.gov/pubmed/8788865
https://doi.org/10.1007/s00221-012-3004-0
https://www.ncbi.nlm.nih.gov/pubmed/22294026


Brain Sci. 2024, 14, 1151 12 of 13

25. Grezes, J.; Decety, J. Functional anatomy of execution, mental simulation, observation, and verb generation of actions: A
meta-analysis. Hum. Brain Mapp. 2001, 12, 1–19. [CrossRef]

26. Sharma, N.; Baron, J.C. Does motor imagery share neural networks with executed movement: A multivariate fMRI analysis.
Front. Hum. Neurosci. 2013, 7, 564. [CrossRef]

27. Hardwick, R.M.; Caspers, S.; Eickhoff, S.B.; Swinnen, S.P. Neural correlates of action: Comparing meta-analyses of imagery,
observation, and execution. Neurosci. Biobehav. Rev. 2018, 94, 31–44. [CrossRef]

28. Yan, T.; Liang, W.; Chan, C.W.H.; Shen, Y.; Liu, S.; Li, M. Effects of motor imagery training on gait performance in individuals
after stroke: A systematic review and meta-analysis. Disabil. Rehabil. 2024, 1–15. [CrossRef]

29. Singer, T.; Fahey, P.; Liu, K.P.Y. Effectiveness of motor imagery in the rehabilitation of people with parkinson’s disease: A
systematic review and meta-analysis. Neurorehabil. Neural Repair. 2024, 38, 460–475. [CrossRef]

30. Seebacher, B.; Reindl, M.; Kahraman, T. Factors and strategies affecting motor imagery ability in people with multiple sclerosis: A
systematic review. Physiotherapy 2023, 118, 64–78. [CrossRef]

31. Caligiore, D.; Mustile, M.; Spalletta, G.; Baldassarre, G. Action observation and motor imagery for rehabilitation in Parkinson’s
disease: A systematic review and an integrative hypothesis. Neurosci. Biobehav. Rev. 2017, 72, 210–222. [CrossRef] [PubMed]

32. Muir-Hunter, S.W.; Graham, L.; Montero, O.M. Reliability of the Berg balance scale as a clinical measure of balance in community-
dwelling older adults with mild to moderate Alzheimer disease: A pilot study. Phys. Can. 2015, 67, 255–262. [CrossRef]
[PubMed]

33. Lee, H.S.; Park, S.W.; Chung, H.K. The Korean version of relative and absolute reliability of gait and balance assessment tools for
patients with dementia in day care center and nursing home. J. Phys. Ther. Sci. 2017, 29, 1934–1939. [CrossRef] [PubMed]

34. Tantisuwat, A.; Chamonchant, D.; Boonyong, S. Multi-directional Reach Test: An investigation of the limits of stability of people
aged between 20-79 years. J. Phys. Ther. Sci. 2014, 26, 877–880. [CrossRef] [PubMed]

35. Goldberg, A.; Chavis, M.; Watkins, J.; Wilson, T. The five-times-sit-to-stand test: Validity, reliability and detectable change in older
females. Aging Clin. Exp. Res. 2012, 24, 339–344. [CrossRef]

36. Bossers, W.J.R.; van der Woude, L.H.V.; Boersma, F.; Hortobágyi, T.; Scherder, E.J.; van Heuvelen, M.J. A 9-week aerobic and
strength training program improves cognitive and motor function in patients with dementia: A randomized, controlled trial.
Amer. J. Ger. Psychiatry 2015, 23, 1106–1116. [CrossRef]

37. Yoon, J.E.; Lee, S.M.; Lim, H.S.; Kim, T.H.; Jeon, J.K.; Mun, M.H. The effects of cognitive activity combined with active extremity
exercise on balance, walking activity, memory level and quality of life of an older adult sample with dementia. J. Phys. Ther. Sci.
2013, 25, 1601–1604. [CrossRef]

38. Wrisley, D.M.; Marchetti, G.F.; Kuharsky, D.K.; Whitney, S.L. Reliability, internal consistency, and validity of data obtained with
the functional gait assessment. Phys. Ther. 2004, 84, 906–918. [CrossRef]

39. Trapuzzano, A.; McCarthy, L.; Dawson, N. Investigating the effects of an OTAGO-based program among individuals living with
dementia. Phys. Occup. Ther. Ger. 2020, 38, 185–198. [CrossRef]

40. Isaac, A.; Marks, D.F.; Russell, D.G. An instrument for assessing imagery of movement: The Vividness of Movement Imagery
Questionnaire (VMIQ). J. Ment. Imag. 1986, 10, 23–30.

41. Suinn, R. Psychology in Sports; Burgess Publishing Company: Minneapolis, MN, USA, 1980.
42. Little, R.; Kang, S. Intention-to-treat analysis with treatment discontinuation and missing data in clinical trials. Stat. Med. 2015, 34,

2381–2390. [CrossRef] [PubMed]
43. Dekleva, B.M.; Chowdhury, R.H.; Batista, A.P.; Chase, S.M.; Yu, B.M.; Boninger, M.L.; Collinger, J.L. Motor cortex retains and

reorients neural dynamics during motor imagery. Nat. Hum. Behav. 2024, 8, 729–742. [CrossRef] [PubMed]
44. Snijders, A.H.; Leunissen, I.; Bakker, M.; Overeem, S.; Helmich, R.C.; Bloem, B.R.; Toni, I. Gait-related cerebral alterations in

patients with Parkinson’s disease with freezing of gait. Brain 2011, 134, 59–72. [CrossRef] [PubMed]
45. Moran, A.; O’Shea, H. Motor imagery practice and cognitive processes. Front. Psychol. 2020, 11, 394. [CrossRef]
46. Anderson, J.G.; Rogers, C.E.; Bossen, A.; Testad, I.; Rose, K.M. Mind-Body therapies in individuals with dementia: An integrative

review. Res. Gerontol. Nurs. 2017, 10, 288–296. [CrossRef]
47. Heyn, P. The effect of a multisensory exercise program on engagement, behavior, and selected psychological indexes in persons

with dementia. Am. J. Alzheimer’s Dis. Other Dement. 2003, 18, 247–251. [CrossRef]
48. Hussey, E.P.; Smolinsky, J.G.; Piryatinsky, I.; Budson, A.E.; Ally, B.A. Using mental imagery to improve memory in patients with

Alzheimer’s disease: Trouble generating or remembering a mind’s eye? Alzheimer’s Dis. Assoc. Dis. 2012, 26, 124–134. [CrossRef]
49. Braun, S.; Beurskens, A.; Kleynen, M.; Schols, J.; Wade, D. Rehabilitation with mental practice has similar effects on mobility as

rehabilitation with relaxation in people with Parkinson’s disease: A multicentre randomized trial. J. Physiother. 2011, 57, 27–34.
[CrossRef]

50. How, D.; Wagner, H.; Brach, M. Using motor imagery to access alternative attentional strategies when navigating environmental
boundaries to prevent freezing of gait—A Perspective. Front. Hum. Neurosci. 2022, 16, 750612. [CrossRef]

51. Yágüez, L.; Canavan, A.G.; Lange, H.W.; Hömberg, V. Motor learning by imagery is differentially affected in Parkinson’s and
Huntington’s diseases. Behav. Brain Res. 1999, 102, 115–127. [CrossRef]

52. Tacchino, A.; Pedullà, L.; Podda, J.; Monti Bragadin, M.; Battaglia, M.A.; Bisio, A.; Bove, M.; Brichetto, G. Motor imagery has a
priming effect on motor execution in people with multiple sclerosis. Front. Hum. Neurosci. 2023, 17, 1179789. [CrossRef] [PubMed]

https://doi.org/10.1002/1097-0193(200101)12:1%3C1::AID-HBM10%3E3.0.CO;2-V
https://doi.org/10.3389/fnhum.2013.00564
https://doi.org/10.1016/j.neubiorev.2018.08.003
https://doi.org/10.1080/09638288.2024.2337091
https://doi.org/10.1177/15459683241246493
https://doi.org/10.1016/j.physio.2022.09.005
https://doi.org/10.1016/j.neubiorev.2016.11.005
https://www.ncbi.nlm.nih.gov/pubmed/27865800
https://doi.org/10.3138/ptc.2014-32
https://www.ncbi.nlm.nih.gov/pubmed/26839454
https://doi.org/10.1589/jpts.29.1934
https://www.ncbi.nlm.nih.gov/pubmed/29200628
https://doi.org/10.1589/jpts.26.877
https://www.ncbi.nlm.nih.gov/pubmed/25013287
https://doi.org/10.1007/BF03325265
https://doi.org/10.1016/j.jagp.2014.12.191
https://doi.org/10.1589/jpts.25.1601
https://doi.org/10.1093/ptj/84.10.906
https://doi.org/10.1080/02703181.2020.1716131
https://doi.org/10.1002/sim.6352
https://www.ncbi.nlm.nih.gov/pubmed/25363683
https://doi.org/10.1038/s41562-023-01804-5
https://www.ncbi.nlm.nih.gov/pubmed/38287177
https://doi.org/10.1093/brain/awq324
https://www.ncbi.nlm.nih.gov/pubmed/21126990
https://doi.org/10.3389/fpsyg.2020.00394
https://doi.org/10.3928/19404921-20170928-01
https://doi.org/10.1177/153331750301800409
https://doi.org/10.1097/WAD.0b013e31822e0f73
https://doi.org/10.1016/S1836-9553(11)70004-2
https://doi.org/10.3389/fnhum.2022.750612
https://doi.org/10.1016/S0166-4328(99)00005-4
https://doi.org/10.3389/fnhum.2023.1179789
https://www.ncbi.nlm.nih.gov/pubmed/37746058


Brain Sci. 2024, 14, 1151 13 of 13

53. Veronese, N.; Soysal, P.; Demurtas, J.; Solmi, M.; Bruyère, O.; Christodoulou, N.; Ramalho, R.; Fusar-Poli, P.; Lappas, A.S.; Pinto,
D.; et al. Physical activity and exercise for the prevention and management of mild cognitive impairment and dementia: A
collaborative international guideline. Eur. Geriatr. Med. 2023, 14, 925–952. [CrossRef] [PubMed]

54. Yan, J.; Li, X.; Guo, X.; Lin, Y.; Wang, S.; Cao, Y.; Lin, H.; Dai, Y.; Ding, Y.; Liu, W. Effect of multicomponent exercise on cognition,
physical function and activities of daily life in older adults with dementia or mild cognitive impairment: A systematic review and
meta-analysis. Arch. Phys. Med. Rehabil. 2023, 104, 2092–2108. [CrossRef] [PubMed]

55. Li, Z.; Guo, H.; Liu, X. What exercise strategies are best for people with cognitive impairment and dementia? A systematic review
and meta-analysis. Arch. Gerontol. Geriatr. 2024, 124, 105450. [CrossRef] [PubMed]

56. Nicholson, V.; Watts, N.; Chani, Y.; Keogh, J.W.L. Motor imagery training improves balance and mobility outcomes in older
adults: A systematic review. J. Physiother. 2019, 65, 200–207. [CrossRef]

57. Nicholson, V.P.; Keogh, J.W.; Choy, N.L. Can a single session of motor imagery promote motor learning of locomotion in older
adults? A randomized controlled trial. Clin. Interv. Aging 2018, 13, 713–722. [CrossRef]

58. Oh, D.S.; Choi, J.D. Effects of motor imagery training on balance and gait in older adults: A randomized controlled pilot study.
Int. J. Environ. Res. Public. Health 2021, 18, 650. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s41999-023-00858-y
https://www.ncbi.nlm.nih.gov/pubmed/37768499
https://doi.org/10.1016/j.apmr.2023.04.011
https://www.ncbi.nlm.nih.gov/pubmed/37142178
https://doi.org/10.1016/j.archger.2024.105450
https://www.ncbi.nlm.nih.gov/pubmed/38692156
https://doi.org/10.1016/j.jphys.2019.08.007
https://doi.org/10.2147/CIA.S164401
https://doi.org/10.3390/ijerph18020650

	Introduction 
	Materials and Methods 
	Study Design 
	Sample 
	Outcomes 
	Balance 
	Functional Status 

	Intervention Description 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

