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Abstract

Background Several changes occur in the central nervous system with increasing age that contribute

toward declines in mobility. Neurorehabilitation has proven effective in improving motor function though achieving

sustained behavioral and neuroplastic adaptations is more challenging. While effective, rehabilitation usually follows

adverse health outcomes, such as injurious falls. This reactive intervention approach may be less beneficial than pre-

vention interventions. Therefore, we propose the development of a prehabilitation intervention approach to address
mobility problems before they lead to adverse health outcomes. This protocol article describes a pilot study to exam-
ine the feasibility and acceptability of a home-based, self-delivered prehabilitation intervention that combines motor
imagery (mentally rehearsing motor actions without physical movement) and neuromodulation (transcranial direct

current stimulation, tDCS; to the frontal lobes). A secondary objective is to examine preliminary evidence of improved
mobility following the intervention.

Methods This pilot study has a double-blind randomized controlled design. Thirty-four participants aged 70-95
who self-report having experienced a fall within the prior 12 months or have a fear of falling will be recruited. Partici-
pants will be randomly assigned to either an active or sham tDCS group for the combined tDCS and motor imagery
intervention. The intervention will include six 40-min sessions delivered every other day. Participants will simultane-
ously practice the motor imagery tasks while receiving tDCS. Those individuals assigned to the active group will
receive 20 min of 2.0-mA direct current to frontal lobes, while those in the sham group will receive 30 s of stimulation
to the frontal lobes. The motor imagery practice includes six instructional videos presenting different mobility tasks
related to activities of daily living. Prior to and following the intervention, participants will undergo laboratory-based
mobility and cognitive assessments, questionnaires, and free-living activity monitoring.

Discussion Previous studies report that home-based, self-delivered tDCS is safe and feasible for various popula-
tions, including neurotypical older adults. Additionally, research indicates that motor imagery practice can augment
motor learning and performance. By assessing the feasibility (specifically, screening rate (per month), recruitment
rate (per month), randomization (screen eligible who enroll), retention rate, and compliance (percent of completed
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intervention sessions)) and acceptability of the home-based motor imagery and tDCS intervention, this study aims

to provide preliminary data for planning larger studies.

Trial registration This study is registered on ClinicalTrials.gov (NCT05583578). Registered October 13, 2022. https://

www.clinicaltrials.gov/study/NCT05583578

Keywords Aging, Falls, Motor imagery, tDCS, Mobility, Feasibility, Acceptability

Background

The effects of aging on the central nervous system are
multifaceted and result in numerous impairments that
impact mobility performance, cognitive function, quality
of life, and independence. A consequence of these age-
related impairments is the heightened risk of falls and
fall-related injuries, which are common among adults 65
years of age and older [1]. Thirty percent of older adults
experience a fall annually, with 20-30% of these falls
causing moderate-to-severe injuries [2, 3]. In the United
States, falls result in over 3 million emergency room vis-
its, 800,000 hospitalizations, and 30,000 deaths annually,
amounting to roughly 8% of the annual Medicaid budget
being spent on fall-related injury treatments [1, 4, 5].
While falls requiring medical attention are well docu-
mented, there are an even larger number of falls that go
unreported. Despite the attention directed toward fall
prevention, they continue to pose substantial risk among
adults living with and without assistance, particularly in
those older adults trying to maintain independence.

The challenge in mitigating fall risk is not a lack of
effective interventions, but rather that most interventions
are reactive to a fall that has already occurred. As such,
many interventions are designed for older adults who are
characterized as having a moderate fall risk. Furthermore,
such interventions are often intensive, requiring clini-
cal expertise and one-on-one care focused on improv-
ing exercise capacity and motor coordination. Even with
the most established rehabilitation methods, producing
durable improvements for older adults remains a chal-
lenge. As such, developing a proactive fall mitigation
approach requiring less burden on clinicians and older
individuals could prove beneficial. This is especially true
when incorporating resource-intensive neurorehabilita-
tion methods that promote and enhance motor learning
and neuroplasticity but traditionally require considerable
therapist involvement.

One method of promoting motor learning that requires
less therapist involvement is the use of motor imagery
(MI) which refers to the combined practice of action
observation and mental imagery. Action observation and
mental imagery are frequently implemented to promote
and enhance motor learning and are particularly effective
when practiced together in series [6]. Action observation
refers to the act of watching another individual perform

a task. This allows the observer to obtain information
about that task’s requirements by watching and evaluat-
ing the motor strategies necessary for completion [7-9].
Mental imagery refers to the act of mentally rehearsing a
motor task and the accompanied sensations of that task,
without physically moving [10-12]. Studies have shown
that both action observation and mental imagery aug-
ment motor performance for upper limb, lower limb,
and whole-body functional tasks [12-16]. Furthermore,
research indicates that MI in motor behavior and motor
learning paradigms facilitate activity-dependent neu-
roplastic adaptation which is fundamental to achieving
lasting behavioral change [17-19]. For instance, func-
tional brain imaging studies have demonstrated overlap-
ping neural networks (e.g., frontoparietal network) and
similar neural connectivity patterns in primary motor
and motor-associated brain regions when comparing
action observation and mental imagery to physical prac-
tice [19-22]. Additionally, corticospinal excitability has
shown comparable changes in response to MI or physical
practice of complex motor tasks [23-25]. Moreover, low
levels of neuromuscular activation have been observed
in the absence of movement during imagined arm flex-
ion (i.e., dumbbell curling), exhibiting similar muscle
activation patterns (although with much lower activation
amplitudes) for nine upper limb muscles fundamental to
the task (i.e., agonist, antagonist, synergist, and fixator
muscles) [26]. Furthermore, differential neuromuscular
responses were recorded for imagined “heavy” vs. “light”
dumbbell lifts [26]. Together, these studies indicate that
MI engages similar neural circuits and neuromuscular
activation patterns as physical performance.

Transcranial direct current stimulation (tDCS) is a
noninvasive brain stimulation technique which induces a
relatively weak electrical current to a targeted region of
the brain, influencing neuronal membrane potentials [27,
28]. This method of neuromodulation shows promising
results for modifying cortical excitability and facilitat-
ing motor learning [29]. For instance, after a single ses-
sion, participants receiving active tDCS during a motor
learning paradigm demonstrated greater motor improve-
ments compared to participants receiving sham stimula-
tion. Multiple stimulation sessions facilitated superior
skill retention resulting in sustained improvements up to
3 months post-intervention [30]. Moreover, concurrent
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task practice and stimulation appear to induce the great-
est motor improvements [13, 31]. For example, Saruco
and colleagues have shown that excitatory tDCS during a
postural stability (i.e., balance) MI paradigm significantly
improved postural stability performance when compared
to the sham tDCS group [31]. Indicating that MI practice
combined with tDCS may produce a robust activation of
neural circuits important to task performance, thus driv-
ing a greater neuroplastic response.

Due to technological advancements over that past dec-
ade, the capacity to monitor and intervene within the
home has drastically improved. These advances provide
opportunities for developing new approaches that target
mobility and independence for older adults. Studies have
demonstrated that home-based, self-delivered tDCS is
safe and feasible for various populations including neu-
rotypical older adults [32, 33]. Although MI may not be
superior to conventional physical practice or rehabili-
tation, it may provide an effective, convenient, and safe
alternative for practicing complex walking conditions
within the confines of one’s own home. Therefore, our
study aims to assess feasibility and acceptability of a
home-based, self-delivered MI and tDCS intervention
for improving mobility in fall-prone older adults. Addi-
tionally, we will collect preliminary data to investigate the
effect of MI and active tDCS on mobility function.

Methods/design

Study design

This study is a double-blind, randomized controlled pilot
trial designed according to the Consolidated Standards
of Reporting Trials (CONSORT) extension to pilot trials
[34]. The study flowchart is shown in Fig. 1. Thirty-four
adults aged 70— 5 will be enrolled and randomly allocated
to an active or sham tDCS group. This study protocol was
approved by the University of Florida (UF) Institutional
Review Board (Study ID: IRB202201802) and was regis-
tered on ClinicalTrials.gov (NCT05583578). This trial
is funded by the UF Claude D. Pepper Older Americans
Independence Center (NIH/NIA: P30AG028740).

Participant selection

Participants will be recruited via mailers sent to partici-
pants in the UF Pepper Center Registry, posted recruit-
ment flyers, and word of mouth. Individuals interested
in the study will complete a telephone screening. Initial
eligibility includes participants aged 70—95 having a self-
reported fall risk. Criteria for fall risk is determined by
whether the individual had (and recovered from) a fall-
related injury in the previous year, had fallen two or more
times in the previous year, or reports a fear of falling due
to balance and walking limitations [35]. Additionally,
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individuals will be asked if they had experienced any
trips or stumbles over the last year requiring a corrective
response (e.g., grabbing the wall as to not hit the ground).
The enrollment criteria were designed to be inclusive
to ensure generalizability of the results, although par-
ticipants were required to be medically stable and free
of diagnosed neurological injury or disease. Eligibil-
ity is determined by the following criteria: (1) willing to
be randomized into either study group, (2) living in the
community and able to travel to research site, (3) able to
independently assemble and place the tDCS headband or
incorporate the involvement of a willing study partner,
(4) willing and able to provide informed consent. Exclu-
sion criteria include the following: (1) a diagnosed neu-
rological disorder, injury of the central nervous system,
or observed symptoms consistent with such a condition
(i.e., spinal cord injury, Alzheimer’s, Parkinson’s); (2)
a score of 23 or less on the Montreal Cognitive Assess-
ment (MoCA); (3) contraindications to noninvasive brain
stimulation (e.g., metal in the head); (4) medications
affecting the central nervous system including, but not
limited to, benzodiazepines, anticholinergic medications,
and GABAergic medications; (5) severe arthritis, such
as awaiting joint replacement; (6) uncontrolled or con-
trolled cardiovascular disease that limits the participants
ability to complete light aerobic mobility assessments;
(7) lung disease requiring supplemental oxygen; (8) renal
disease requiring dialysis; (9) uncontrolled diabetes; (10)
terminal illness; (11) myocardial infarction or major
heart surgery in the previous year; (12) cancer treatment
in the past year, except for nonmelanoma skin cancers
and cancers having an excellent prognosis; (13) current
diagnosis of a psychotic disorder, schizophrenia, or bipo-
lar disorder; (14) unable to communicate with study per-
sonnel; (15) uncontrolled hypertension at rest (systolic
> 180 mmHg and/or diastolic > 100 mmHg); (16) bone
fracture or joint replacement in the previous six months;
(17) current participation in physical therapy or cardio-
pulmonary rehabilitation; (18) current enrollment in a
clinical trial that may influence the results of either study;
and (19) clinical judgment of investigative team.

Group randomization

Group allocation will be randomized and counterbal-
anced ensuring similar stimulation group allocation
numbers throughout enrollment. The randomization
assignment will be predetermined through a computer
program which an unblinded study coordinator will
manage. The unblinded coordinator will oversee pro-
graming the tDCS units for active or sham stimulation
and documenting the stimulator activation codes which
will then be provided to the study staff and participants.
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| Screening |

Screening
According to the inclusion
and exclusion criteria
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Informed Consent

Baseline Visit

Pre-Intervention Visit
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(n=17)

Motor imagery practice +
active tDCS
(20min, 2.0mA, F3 anode -
F4 cathode montage)

6 sessions, every other day
for 2 weeks

Sham tDCS
(n=17)

Motor imagery practice +
sham tDCS

(30sec, 2.0mA, F3 anode -

F4 cathode montage)

6 sessions, every other day

for 2 weeks

I_( Post-Allocation )_I

Post-Intervention Visit

Close-out

Activity Monitor
Return

Fig. 1 Study flowchart

Sample size

This study is designed to assess feasibility and accept-
ability of a home-based, self-delivered motor imagery
and tDCS intervention and to acquire preliminary data to
plan and conduct power analyses for a larger subsequent
study. Following Whitehead and colleagues “stepped rule
of thumb” recommendations for determining pilot sam-
ple size and because actual effect sizes were unknown
while planning this study, we anticipated achieving a

medium effect size range (i.e., Cohen’s d = 0.3-0.7) for
mobility-related secondary outcome measures (see
Table 1) [36]. Therefore, a total sample of 34 participants
would provide enough data to estimate a main trial sam-
ple size with 90% power granted the pilot study produces
effect sizes that fall within the anticipated range [36]. The
proposed pilot sample may be adjusted to include addi-
tional participants based on recruitment interest, capac-
ity, and time.
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Primary outcome measures
« Acceptability

Intervention device interaction rating — Likert scale (from O [strongly disagree] to 10 [strongly agree]) composed of nine questions regarding participants
use of home-based tDCS and MI. For example, question 1”It was easy to prepare the device and accessories for each session, 2 “The device and setup

was unnecessarily complex,’4 ‘| felt the videos and movements covered on the videos were helpful,’7 | felt confident using the device,"and 8"l needed
to learn a lot of things before | could get going with this device” Acceptability will be evaluated across groups by reporting descriptive measures of sat-

isfaction ratings [37].

tDCS stimulation rating — Likert scale (from 0 [nothing/none] to 10 [strongest/worst possible]) composed of commonly experienced tDCS side effects
(e.g, tingling, itching, burning, pain, fatigue, nervousness). tDCS sensation acceptability across groups will be evaluated by reporting descriptive meas-

ures of tDCS side effects.
- Feasibility

Screening rate (per month), recruitment rate (per month), randomization (screen eligible who enroll), retention rate, and compliance (percent of com-

pleted intervention sessions) [38]
Secondary outcome measures
- Questionnaires

ABC scale [39], MSRS [40], PSQI [41], MIQ-RS [42], SF-36 [43], Katz ADL [44], CHAMPS [45], Intervention-Specific Motor Imagery Scale

« Neuropsychological tests

Computer Based Neurocognitive Assessment [46], MoCA [47], TMT (a & b) [48]

- Functional mobility

mBEST [49], CTSIB [50], 2MTW (self-selected natural pace, self-selected natural pace dual-task, self-selected fast pace), 360° turn test

« Physical activity
Total steps, total sedentary time, and physical activity score (MET.h)

Abbreviations: ABC scale, Activities Specific Balance Confidence Scale; MSRS, Movement-specific Reinvestment Scale; TMT, Trail Making Test; PSQI, Pittsburgh Sleep
Quality Index; MIQ-RS, Motor Imagery Questionnaire (revised second edition); SF-36, short form-36; Katz ADL, Katz Index of Independence; CHAMPS, Community
Health Model Activities Program for Seniors Physical Activity Questionnaire; MoCA, Montreal Cognitive Assessment; mBEST, Mini Balance Evaluation Systems Test;
CTSIB, Clinical Test of Sensory Interaction on Balance; 2MWT, 2-min walk test; MET.h, metabolic equivalents

Experimental protocol

The data collection timeline is summarized in the Stand-
ard Protocol Items: Recommendations for Interventional
Trials (SPIRIT) figure (Fig. 2). Following a telephone
screen, those who qualify and complete the informed
consent form will be assessed in the laboratory at three
distinct time points (baseline, pre-intervention, and post-
intervention) along with completing the home-based MI
and tDCS intervention.

Baseline visit

At the beginning of the baseline visit, study person-
nel and individuals will complete the informed consent
form. Once signed, participants will complete a series of
questionnaires including the Activities Specific Balance
Confidence Scale, the Movement-specific Reinvestment
Scale, Trail Making A & B, the Pittsburgh Sleep Quality
Index, the Motor Imagery Questionnaire (revised sec-
ond edition), the Short Form-36, and the Katz Index of
Independence which will be used as secondary outcome
measures. Following the questionnaires, participants
will leave wearing the validated ActivPAL activity moni-
tor (ActivPAL4, PAL Technologies Ltd., UK) [51, 52]. To
ensure freedom of movement while at home, these light-
weight, small, and unobtrusive triaxial accelerometers
will be placed in a waterproof sleeve and secured to the
thigh using a Tegaderm'" adhesive dressing (3M, London,
ON, Canada). As secondary movement outcomes, we

plan to assess total steps, total sedentary time, and par-
ticipants physical activity score measured in metabolic
equivalents (MET.h). After wearing the activity monitor
for 7 to 9 days, participants will return for the pre-inter-
vention visit.

Pre-intervention visit

At the beginning of the pre-intervention visit, the activ-
ity monitor will be removed from the participants thigh.
Participants will then complete a series of computer-
based neurocognitive tests to assess multiple aspects of
executive function including verbal short-term memory,
response inhibition, attention, visuospatial working
memory, visuospatial processing, and spatial short-term
memory [46].

Upon completion of the neurocognitive tests, par-
ticipants will perform several clinically feasible mobil-
ity assessments showing strong psychometric properties
[53-58]. Specifically, participants will complete the Mini-
Balance Evaluation Systems Test (mBEST) which is a
14-item mobility performance examination categorized
to assess static and dynamic balance by assessing four
sub-domains of mobility (i.e., anticipatory, reactive pos-
tural control, sensory orientation, and dynamic gait) [49,
59]. In addition, participants will complete the Clinical
Test of Sensory Interaction on Balance (CTSIB) which
involves four 30-s trials each intended to assess unique
components of balance. To assess walking, participants
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STUDY PERIOD

Enrollment

Allocation

Post-allocation

Close-out

TIMEPOINT

Baseline
Visit
(day 0)
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Intervention
(day 7)

Intervention
Sessions
(day 8-22)

Post-
Intervention
(day 23)

Day 30

ENROLLMENT:

Eligibility screen

Informed consent

X

X

Allocation X

INTERVENTIONS:

Motor Imagery +
Active tDCS

Motor Imagery +
Sham tDCS

ASSESSMENTS:

Demographic Data

ABC Scale

MSRS

TMT (a & b)

PSOI

MIQ-RS

SF-36

i italtaitalialtalls

Katz ADL

CHAMPS

Executive Function X

Activity Monitor

Functional Mobility X

Stimulation Sensation

Motor Imagery

olte

Acceptability

X

Feasibility

X

Fig. 2 SPIRIT figure. Participant schedule of enrollment and data collection. ABC scale, Activities specific Balance Confidence Scale; MSRS,
Movement-specific Reinvestment Scale; TMT, Trail Making Test; PSQJ, Pittsburgh Sleep Quality Index; MIQ-RS, Motor Imagery Questionnaire (revised
second edition); SF-36, short form-36; Katz ADL, Katz Index of Independence; CHAMPS, Community Health Model Activities Program for Seniors

Physical Activity Questionnaire

will perform three individual two-minute walk test
(2MWT) trials, including a self-selected natural pace, a
self-selected fast pace, and a self-selected natural pace
dual task (serial sevens) walk. Lastly, participants will
perform a series of three 360° turns at their self-selected
natural pace and self-selected fast pace.

The mBEST will be scored following the published
scoring guidelines which allows for a maximum score
of 28 from the 14 tasks. Each task is scored on a ordinal

scale ranging between 0 (indicating the lowest level of
function) and 2 (indication the highest level of function)
[59]. In addition, and simultaneously, all mobility assess-
ments will be instrumented via wireless inertial sen-
sors (APDM Inc., Portland, OR, USA) securely placed
on each foot, around the waist (lumbar level L4-L5), on
the sternum, and on the forehead. Between each mobil-
ity test, data from the sensors will be wirelessly streamed
to a laboratory computer and processed using validated
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software (Mobility Lab v2, Portland, OR, USA), thus pro-
viding a variety of spatiotemporal kinematic outcomes
for assessing movement quality [60]. Both the subjective
mBEST score and the objective mobility measures will
be used as secondary outcome measures to character-
ize mobility. Lastly, participants will undergo a detailed
familiarization training with research staff to help ensure
proper implementation of the home-based intervention
protocol. During the training, participants will become
familiar with all aspects of the tDCS setup (i.e., secur-
ing sponge electrodes, placing head strap correctly and
accurately, and initializing the stimulator), accessing the
motor imagery videos, and completing the intervention
specific questionnaires (i.e., the simulation sensation,
motor imagery, and the Community Health Model Activ-
ities Program for Seniors Physical Activity (CHAMPS)
Questionnaire).

Intervention sessions

Following the pre-intervention visit, participants will
complete the MI and tDCS intervention. The home-
based, self-delivered intervention will consist of six
40-min sessions over the course of 2weeks (one session
every other day).

Motor imagery

Each of the six intervention sessions will include MI prac-
tice. The tasks that participants will practice are from
clinically based functional mobility assessments, which
demonstrate strong psychometric properties and resemble
activities of daily living (e.g., sit to stand, 360° turn, walking
and turning, and balancing) [54—58]. We will also include
practice of an ecologically applicable outdoor walking task
involving changing terrains (e.g., transitioning from grass
to a concrete sidewalk). Participants will be provided a
YouTube hyperlink, providing them access to the different
videos. During the first portion of each video, participants
will receive written and verbal guidance on what aspects
of each movement to watch and mentally rehearse (Fig. 3b
and c). Then each video will portray a specific task being
performed correctly from both a third-person (Fig. 3d) and
first-person (Fig. 3e) perspective. After watching the task
being performed correctly, participants will be instructed
to rehearse the task mentally without any corresponding
physical movement (Fig. 3f and g). This sequence of action
observation followed by mental imagery facilitates the
vividness of the motor imagery practice. Participants will
spend 4 to 5 min mentally practicing each task for a total
of 40 min per session.

Transcranial direct current stimulation (tDCS)
Participants will be randomized and counterbalanced
(i.e., equal numbers in each group) to receive either active
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or sham tDCS, which will be delivered simultaneously
during the MI practice. A Soterix 1 X 1 mini-clinical trials
tDCS unit will be used for delivery of stimulation (Soterix
Medical Inc.). Participants will be provided single-use
Soterix “SNAPpad” sponge electrodes (5 X 7 cm) which
are individually sealed and pre-saturated with a conduc-
tive saline solution and snap onto the pre-configured
Soterix head strap. To ensure consistent sponge electrode
placement, participants will be provided a measuring tool
specifically configured to their head along with hands-on
practice and instructional documentation (i.e., picture
diagrams and videos). This will help ensure participants
are familiar with snapping the electrodes and placing the
head band at home. To further ensure participants can
place the headband and initialize each tDCS session, the
study staff will coordinate with the participant to guaran-
tee a staff member is available by telephone to answer any
questions.

Participants will also be provided instructions for oper-
ating the handheld tDCS device. Each participant will be
provided six unique single-use 5-digit activation codes
which will be used to initiate the stimulation for each
intervention session. Only the unblinded study coordina-
tor will program the device and write down the unique
code for each session; therefore, neither the study par-
ticipant nor the blinded study assessment personnel will
know group allocation.

For both active and sham, sponge electrodes will be
placed over the frontal cortices at F3 and F4 (based on
the international “10-20 system” of standardized brain
electrode placement). For the active group, participants
will receive 20 min of 2.0-mA direct current stimula-
tion with a 30-s ramp up and ramp down. For the sham
stimulation, all procedures will be identical except for
the duration of stimulation. Those participants receiving
sham stimulation will receive 30 s of 2.0-mA stimulation
at the beginning of each intervention session. Since par-
ticipants habituate to the sensation of tDCS within 30—-60
s of stimulation, this procedure provides a similar sensa-
tion of active tDCS [61].

Post-intervention visit

During the post-intervention visit, participants will
complete the same computer-based neurocognitive and
functional mobility assessments that were performed
during the pre-intervention visit. As a primary outcome
measure, participants will complete additional ques-
tionnaires to assess acceptability of the home-based
intervention (Table 1). Similar to other home-based
interventions, acceptability will be evaluated through
structured questionnaires [37]. Following the interven-
tion, participants will be asked to complete a debriefing
questionnaire containing a series of questions aimed at
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a)

Timed up and go

Next you will be asked to spend about 30 “You will be asked to complete the Timed Up and
seconds watching a task being performed Go which involves standing up out of a chair
correctly in both a third person perspective and a walking a few steps turning around coming back
first-person perspective. Once you have watched to the chair and sitting back down. | want you to
the task being performed you will then be asked imagine everything needed to complete this task
to imagine performing the task yourself. When from what it feels like to stand up out of the chair
you are imagining the task envision all the to starting walking, then turning around walking
aspects needed to complete the task. back and safely returning to the chair.”

“Spend a couple minutes with your eyes open or
closed to imagine completing the timed up and go
imagine everything that you need to do to

. complete this task and all the sensations
Now, with your eyes open or closed spend two e p—

minutes imagining completing the task on your
own

Fig. 3 Examples from the a Timed Up and Go mental imagery practice video. b Written instruction about what participants should expect next. ¢
Verbal instruction specific to the task participants are about watch. d Third person perspective of the task being performed correctly. e First-person
perspective of the task being performed correctly. f Written instruction for the imagined practice. g Verbal instruction for the imagined practicing
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assessing participants satisfaction interacting with the
tDCS device and MI videos. Participants will score each
question using a Likert scale ranging from 0 (strongly
disagree) to 10 (strongly agree). For example, questions
will include the following: 1 “It was easy to prepare the
device and accessories for each session,” 2 “The device
and setup was unnecessarily complex,” 4 “I felt the videos
and movements covered on the videos were helpful,” 7 “I
felt confident using the device,” and 8 “I needed to learn a
lot of things before I could get going with this device” To
gain further information about participants experience in
the study, we will ask a series of open-ended questions.
These questions include the following: (1) “Are there any
movements you wish would have been covered in the
MI videos?” (2) “Is there anything that would have made
the MI videos more helpful?” and (3) “Is there anything
that would have made the tDCS device easier to use?”
To assess participants acceptability of tDCS stimulation,
they will be asked to complete a stimulation question-
naire before and after each intervention session. This
questionnaire will ask participants to rate commonly
experienced tDCS side effects (e.g., tingling, itching,
burning, pain, fatigue, nervousness) using a Likert scale
ranging from O (nothing/none) to 10 (strongest/worst
possible). At the end of the visit, participants will have
the ActivPal monitor secured to their thigh for an addi-
tional 7 to 9 days before returning it to the laboratory.

Feasibility assessment

To assess feasibility and plan for future research stud-
ies, we will track screening, recruitment, randomization,
retention, and compliance [38]. Screening and recruit-
ment will be quantified as number of people screened
and/or enrolled per month. Randomization will be quan-
tified as the proportion of screen eligible participants
who enroll. Retention will be quantified by group as the
percentage of people who complete the study protocol.
Lastly, compliance will be quantified by the percentage of
people who complete all intervention sessions. Interven-
tion sessions will be tracked via session questionnaires
and confirmed via the tDCS unit’s session log, which par-
ticipants are not informed of and do not have access to.
Feasibility will be considered supported if the trial dem-
onstrates a recruitment rate of 3—4 participants/month
using our recruitment strategy and if the retention rate is
80% or higher.

Analytical methods

For the purposes of this pilot study, the analysis will
focus on assessing feasibility and acceptability through
descriptive statistics [38, 62]. For categorical variables,
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statistics will include frequency and percentages, for
continuous measures, means, standard deviations,
and confidence intervals will be presented. We are not
hypothesizing statistical significance (i.e., alpha < 0.05)
between groups; rather, we anticipate effect sizes will
support a directional effect. For functional mobility and
physical activity, we will assess observed effect sizes
between active and sham tDCS using Cohen’s d values.
Effect sizes will be defined as small (d = 0.20), medium
(d = 0.50), and large (d = 0.80) [63].

Data and safety monitoring

All participants will be de-identified and given a unique
identification code that will be associated with their per-
sonal information and accessible only to IRB-approved
research team members. In terms of tDCS safety, a
recent review aggregated results from 488 human-based
clinical trials and failed to identify a single record of a
serious adverse event related to tDCS in over 1000 sub-
jects receiving > 33,200 sessions over multiple days [64].
Moreover, the review reported that between 10-40%
of individuals who received tDCS regardless of group
allocation (i.e., active or sham stimulation) experienced
effects such as headache, itching, burning sensation
(without actual injury), discomfort, and tingling. All
these effects dissipate quickly, and tDCS has not been
reported to have prolonged negative consequences [64].
While home-based, self-administered tDCS has been
shown to be acceptable and safe across various popula-
tions, including healthy older adults, participants will
be made aware of known potential risks and discom-
forts during the informed consent process and will be
provided time to discuss those risks with a member of
the research team. If a participant does not tolerate the
stimulation, they will have the opportunity to withdraw
from the study. Adverse events will be reported accord-
ing to the UF IRB guidelines. For tDCS-related adverse
events deemed serious and unexpected, unblinding of
that participants allocated group may occur if it is rel-
evant to their treatment decisions. For cases where
unblinding occurs, the proxy principal investigator
(Dr. David Clark) will be unblinded to that participants
group allocation. Follow-up considerations will be
determined pending IRB review. Adverse events unre-
lated to tDCS (e.g., a paper cut) will be handled by the
principal investigator (Dr. Clayton Swanson). In accord-
ance with UF Research and the Quality Assurance Pro-
gram, this study may be randomly selected to undergo
a quality assurance audit. All members of the research
team will undergo training to ensure participant safety
and protocol adherence. Members of the research team
will meet regularly to monitor and discuss study-related
topics.
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Discussion

Visualization techniques such as mental imagery and
action observation, especially when performed together
during a single session, have demonstrated effectiveness
for enhancing motor learning. Functional neuroimag-
ing studies show overlapping regions of cortical activity
when comparing MI practice to physical practice, indi-
cating similar neural resources in response to both types
of training. Neuromodulatory interventions incorporat-
ing similar stimulation parameters to those included in
this pilot trial (i.e., 2.0 mA, frontal tDCS montage, mul-
tiple sessions) have reported significant effects on motor
learning improvements [65]. Our pilot trial aims to assess
the feasibility, acceptability, and preliminary efficacy for
delivering a home-based, self-delivered MI and tDCS
intervention targeting mobility function in fall-prone
older adults. The findings of this study will provide the
necessary information for planning a larger follow-up
trial. Additionally, the information gained will help guide
any necessary protocol modifications such as eligibility
criteria, intervention dosing, assessment alterations, par-
ticipant schedules, and sample size predictions.

The present study has some potential limitations. First,
the study aims to enroll older adults who have previously
experienced a fall or have a recognized fear of falling. As
such, determining the correct implementation steps for
translating the findings into clinical practice needs to be
thoughtfully decided in order to encourage a proactive or
prehabilitation emphasis. Second, there are specific activ-
ities of daily living that participants are being asked to
practice; however, these activities do not capture the full
extent of movements made daily. Therefore, it remains
unclear whether this study incorporates an adequate
sample of movements to successfully train fall preven-
tion. The answer to this question should be addressed
in a future study, although data collected from this pilot
study may provide initial insights.

This pilot study serves as one of the first home-based,
self-delivered MI and tDCS studies targeting mobility
function in older adults. We strongly believe that devel-
oping a safe, home-based alternative to conventional
rehabilitation will provide access to those who may have
barriers (e.g., travel restrictions and/or financial limita-
tions) to standard treatments. The results from this pilot
study will help inform a larger-scale follow-up study to
determine whether this approach can be beneficial for
older adults at risk of falling.

Abbreviations
Ml Motor imagery

tDCS Transcranial direct current stimulation
MoCA Montreal Cognitive Assessment
CONSORT  Consolidated Standards of Reporting Trials

UF University of Florida
SPIRIT Standard Protocol Items: Recommendations for Interventional Trials
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mmHg Millimeters of mercury

mBEST Mini-Balance Evaluation Systems Test

CTsIB Clinical test of sensory interaction on balance
2MWT Two-minute walk test

METh Metabolic equivalent hours

mA Milliampere

Acknowledgements
We thank all the participants who agreed to participate in this study.

Authors’ contributions

CS, writing — original draft, conceptualization, methodology, investigation,
visualization, funding acquisition, and data curation. SV, investigation, project
administration, data curation, writing — review and editing. TM, conceptual-
ization, writing — review and editing, and mentorship. KS, conceptualization,
writing — review and editing, and mentorship. DC, conceptualization, writing
— review and editing, and mentorship.

Funding
Support was provided by the University of Florida Claude D. Pepper Older
Americans Independence Center P30AG028740.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

Approval was obtained from the University of Florida, Institutional Review
Board (IRB202201802), and was registered on ClinicalTrials.gov (NCT05583578).
All participants will provide informed consent prior to enroliment into the
studly.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Neurology, College of Medicine, University of Florida,
Gainesville, FL, USA. ?Brain Rehabilitation Research Center, Malcom Randall VA
Medical Center, Gainesville, FL 32603, USA. >Department of Health Outcomes
& Biomedical Informatics, College of Medicine, University of Florida, Gaines-
ville, FL, USA. *Department of Physical Medicine and Rehabilitation, College
of Medicine, University of Florida, Gainesville, FL, USA.

Received: 8 August 2023 Accepted: 6 June 2024
Published online: 14 June 2024

References

1. Bergen G, Stevens MR, Burns ER. Falls and fall injuries among adults
aged >= 65 years - United States, 2014. MMWR Morb Mortal Wkly Rep.
2016;65(37):993-8.

2. BurnsE, Kakara R. Deaths from falls among persons aged >65
years - United States, 2007-2016. MMWR Morb Mortal Wkly Rep.
2018,67(18):509-14.

3. Varma VR, Hausdorff JM, Studenski SA, Rosano C, Camicioli R, Alexander
NB, et al. Aging, the central nervous system, and mobility in older adults:
interventions. J Gerontol A Biol Sci Med Sci. 2016;71(11):1451-8.

4. Florence CS, Bergen G, Atherly A, Burns E, Stevens J, Drake C. Medi-
cal costs of fatal and nonfatal falls in older adults. J Am Geriatr Soc.
2018,66(4):693-8.

5. ChoiNG, Choi BY, DiNitto DM, Marti CN, Kunik ME. Fall-related emergency
department visits and hospitalizations among community-dwelling older
adults: examination of health problems and injury characteristics. BMC
Geriatr. 2019;19(1):303.



Swanson et al. Pilot and Feasibility Studies

20.

21
22.

23.

24.

25.

26.

27.

28.

29.

30.

(2024) 10:89

Vogt S, Di Rienzo F, Collet C, Collins A, Guillot A. Multiple roles of motor
imagery during action observation. Front Hum Neurosci. 2013;7:807.
Horn RR, Williams AM, Scott MA. Learning from demonstrations: the role
of visual search during observational learning from video and point-light
models. J Sports Sci. 2002;20(3):253-69.

Shea CH, Wulf G, Whitacre C. Enhancing training efficiency and effective-
ness through the use of dyad training. J Motor Behav. 1999;31(2):119-25.
Weeks DL, Anderson LP. The interaction of observational learning with
overt practice: effects on motor skill learning. Acta Psychol (Amst).
2000;104(2):259-71.

Jeannerod M. Mental imagery in the motor context. Neuropsychologia.
1995,33(11):1419-32.

. Jeannerod M, Decety J. Mental motor imagery: a window into the repre-

sentational stages of action. Curr Opin Neurobiol. 1995;5(6):727-32.

Bisio A, Bassolino M, Pozzo T, Wenderoth N. Boosting action observa-

tion and motor imagery to promote plasticity and learning. Neural

Plast. 2018;8625861. https://doi.org/10.1155/2018/8625861.

Saruco E, Di Rienzo F, Nunez-Nagy S, Rubio-Gonzalez MA, Debarnot

U, Collet C, et al. Optimal combination of anodal transcranial direct
current stimulations and motor imagery interventions. Neural Plast.
2018;2018:5351627.

Marusic U, Grosprétre S, Paravlic A, Kovac S, Pisot R, Taube W. Motor
imagery during action observation of locomotor tasks improves rehabili-
tation outcome in older adults after total hip arthroplasty. Neural Plast.
2018;2018:5651391.

Arora S, Aggarwal R, Sirimanna P, Moran A, Grantcharov T, Kneebone R,

et al. Mental practice enhances surgical technical skills: a randomized
controlled study. Ann Surg. 2011;253(2):265-70.

Battaglia C, D'Artibale E, Fiorilli G, Piazza M, Tsopani D, Giombini A, et al.
Use of video observation and motor imagery on jumping performance in
national rhythmic gymnastics athletes. Hum Mov Sci. 2014;38:225-34.
Hardwick RM, Caspers S, Eickhoff SB, Swinnen SP. Neural correlates of
action: comparing meta-analyses of imagery, observation, and execution.
Neurosci Biobehav Rev. 2018;94:31-44.

Guillot A, Collet C. Contribution from neurophysiological and psy-
chological methods to the study of motor imagery. Brain Res Rev.
2005;50(2):387-97.

Munzert J, Lorey B, Zentgraf K. Cognitive motor processes: the role of
motor imagery in the study of motor representations. Brain Res Rev.
2009;60(2):306-26.

Gao Q, Duan X, Chen H. Evaluation of effective connectivity of motor
areas during motor imagery and execution using conditional Granger
causality. Neuroimage. 2011;54(2):1280-8.

Lotze M, Halsband U. Motor imagery. J Physiol Paris. 2006;99(4):386-95.
Hétu S, Grégoire M, Saimpont A, Coll M-P, Eugéne F, Michon P-E, Jackson
PL.The neural network of motor imagery: an ALE meta-analysis. Neurosci
Biobehav Rev. 2013;37(5):930-49.

Foysal KMR, Baker SN. Induction of plasticity in the human motor system
by motor imagery and transcranial magnetic stimulation. J Physiol.
2020;598(12):2385-96.

Bruton AM, Holmes PS, Eaves DL, Franklin ZC, Wright DJ. Neurophysiologi-
cal markers discriminate different forms of motor imagery during action
observation. Cortex. 2020;124:119-36.

Wright DJ, Wood G, Eaves DL, Bruton AM, Frank C, Franklin ZC. Corticospi-
nal excitability is facilitated by combined action observation and motor
imagery of a basketball free throw. Psychol Sport Exerc. 2018;39:114-21.
Guillot A, Lebon F, Rouffet D, Champely S, Doyon J, Collet C. Muscular
responses during motor imagery as a function of muscle contraction
types. Int J Psychophysiol. 2007,66(1):18-27.

Priori A, Berardelli A, Rona S, Accornero N, Manfredi M. Polarization of the
human motor cortex through the scalp. Neuroreport. 1998;9(10):2257-60.
Nitsche MA, Paulus W. Excitability changes induced in the human

motor cortex by weak transcranial direct current stimulation. J Physiol.
2000;527(Pt 3):633-9.

Reis J, Fritsch B. Modulation of motor performance and motor learn-

ing by transcranial direct current stimulation. Curr Opin Neurol.
2011;24(6):590-6.

Reis J, Schambra HM, Cohen LG, Buch ER, Fritsch B, Zarahn E, et al.
Noninvasive cortical stimulation enhances motor skill acquisition over
multiple days through an effect on consolidation. Proc Natl Acad Sci USA.
2009;106(5):1590-5.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Page 11 of 12

Saruco E, Di Rienzo F, Nunez-Nagy S, Rubio-Gonzalez MA, Jackson PL, Col-
let C, et al. Anodal tDCS over the primary motor cortex improves motor
imagery benefits on postural control: a pilot study. Sci Rep. 2017,7(1):480.
Charvet LE, Shaw MT, Bikson M, Woods AJ, Knotkova H. Supervised
transcranial direct current stimulation (tDCS) at home: a guide for clinical
research and practice. Brain Stimul. 2020;13(3):686-93.

Shaw M, Pilloni G, Charvet L. Delivering Transcranial direct current
stimulation away from clinic: remotely supervised tDCS. Mil Med.
2020;185(Supplement_1):319-25.

Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane

L, et al. CONSORT 2010 statement: extension to randomised pilot and
feasibility trials. Pilot and Feasibility Stud. 2016;2(1):64.

Gill TM, McGloin JM, Latham NK, Charpentier PA, Araujo KL, Skokos EA,

et al. Screening, recruitment, and baseline characteristics for the Strate-
gies to Reduce Injuries and Develop Confidence in Elders (STRIDE) study.
J Gerontol A Biol Sci Med Sci. 2018;73(11):1495-501.

Whitehead AL, Julious SA, Cooper CL, Campbell MJ. Estimating the
sample size for a pilot randomised trial to minimise the overall trial
sample size for the external pilot and main trial for a continuous outcome
variable. Stat Methods Med Res. 2016;25(3):1057-73.

Ahn H, Zhong C, Miao H, Chaoul A, Park L, Yen IH, et al. Efficacy of com-
bining home-based transcranial direct current stimulation with mindful-
ness-based meditation for pain in older adults with knee osteoarthritis: a
randomized controlled pilot study. J Clin Neurosci. 2019;70:140-5.

Leon AC, Davis LL, Kraemer HC. The role and interpretation of pilot stud-
ies in clinical research. J Psychiatr Res. 2011;45(5):626-9.

Powell LE, Myers AM. The Activities-specific Balance Confidence (ABC)
Scale. The Journals of Gerontology: Series A. 1995;50A(1):M28-34.
Masters R, Eves F, Maxwell J, editors. Development of a movement spe-
cific reinvestment scale. International Society of Sport Psychology (ISSP)
World Congress; 2005: International Society of Sport Psychology (ISSP).
Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh
Sleep Quality Index: a new instrument for psychiatric practice and
research. Psychiatry Res. 1989;28(2):193-213.

Gregg M, Hall C, Butler A. The MIQ-RS: a suitable option for examining move-
ment imagery ability. Evid Based Complement Alternat Med. 2010;7(2):249-57.
Ware JE, Sherbourne CD. The MOS 36-Item Short-Form Health Survey
(SF-36): I. Conceptual framework and item selection. Med Care.
1992;30(6):473-83.

Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of illness

in the aged: the index of ADL: a standardized measure of biological and
psychosocial function. JAMA. 1963;185(12):914-9.

Stewart AL, Mills KM, King AC, Haskell WL, Gillis D, Ritter PL. CHAMPS
Physical Activity Questionnaire for Older Adults: outcomes for interven-
tions. Med Sci Sports Exerc. 2001;33(7):1126-41.

Hampshire A, Highfield Roger R, Parkin Beth L, Owen Adrian M. Fraction-
ating human intelligence. Neuron. 2012;76(6):1225-37.

Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Col-
linl, et al. The Montreal Cognitive Assessment, MoCA: a brief screening
tool for mild cognitive impairment. J Am Geriatr Soc. 2005;53(4):695-9.
Bowie CR, Harvey PD. Administration and interpretation of the Trail Mak-
ing Test. Nat Protoc. 2006;1(5):2277-81.

Horak FB, Wrisley DM, Frank J. The Balance Evaluation Systems Test (BEST-
est) to differentiate balance deficits. Phys Ther. 2009;89(5):484-98.
Shumway-Cook A, Horak FB. Assessing the influence of sensory interac-
tion of balance Suggestion from the field. Phys Ther. 1986;66(10):1548-50.
Lord S, Chastin SFM, Mclnnes L, Little L, Briggs P, Rochester L. Exploring
patterns of daily physical and sedentary behaviour in community-dwell-
ing older adults. Age Ageing. 2011;40(2):205-10.

Klenk J, Bichele G, Lindemann U, Kaufmann S, Peter R, Laszlo R, et al.
Concurrent validity of activPAL and activPAL3 accelerometers in older
adults. J Aging Phys Act. 2016;24(3):444-50.

Anson E, Thompson E, Ma L, Jeka J. Reliability and Fall Risk Detection

for the BESTest and Mini-BESTest in Older Adults. J Geriatr Phys Ther.
2019;42(2):81-5. https://doi.org/10.1519/jpt.0000000000000123.
Anacker SL, Di Fabio RP. Influence of sensory inputs on standing balance
in community-dwelling elders with a recent history of falling. Phys Ther.
1992;72(8):575-81.

Connelly DM, Thomas BK, Cliffe SJ, Perry WM, Smith RE. Clinical utility of
the 2-minute walk test for older adults living in long-term care. Physi-
otherapy Canada Physiotherapie Canada. 2009;61(2):78-87.


https://doi.org/10.1155/2018/8625861
https://doi.org/10.1519/jpt.0000000000000123

Swanson et al. Pilot and Feasibility Studies (2024) 10:89

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Gill TM, Williams CS, Tinetti ME. Assessing risk for the onset of functional
dependence among older adults: the role of physical performance. J Am
Geriatr Soc. 1995;43(6):603-9.

Steffen TM, Hacker TA, Mollinger L. Age- and gender-related test
performance in community-dwelling elderly people: six--minute walk
test, Berg Balance Scale, Timed Up & Go Test, and gait speeds. Phys Ther.
2002;82(2):128-37.

Tiedemann A, Shimada H, Sherrington C, Murray S, Lord S. The com-
parative ability of eight functional mobility tests for predicting falls in
community-dwelling older people. Age Ageing. 2008;37(4):430-5.
Franchignoni F, Horak F, Godi M, Nardone A, Giordano A. Using psycho-
metric techniques to improve the Balance Evaluation Systems Test: the
mini-BESTest. J Rehabil Med. 2010;42(4):323-31.

Morris R, Stuart S, McBarron G, Fino PC, Mancini M, Curtze C. Validity of
MobilityLab (version 2) for gait assessment in young adults, older adults
and Parkinson’s disease. Physiol Meas. 2019;40(9):095003.

Gandiga PC, Hummel FC, Cohen LG. Transcranial DC stimulation (tDCS): a
tool for double-blind sham-controlled clinical studies in brain stimula-
tion. Clin Neurophysiol. 2006;117(4):845-50.

Teresi JA, Yu X, Stewart AL, Hays RD. Guidelines for designing and evaluat-
ing feasibility pilot studies. Med Care. 2022;60(1):95-103.

Cohen J. A Power Primer. Psychol Bull. 1992;112(1):155.

Bikson M, Grossman P, Thomas C, Zannou AL, Jiang J, Adnan T, et al. Safety
of transcranial direct current stimulation: evidence based update 2016.
Brain Stimul. 2016;9(5):641-61.

Leuk JSP, Yow KE, Tan CZX, Hendy AM, Tan MKW, Ng THB, Teo WP. A meta-
analytical review of transcranial direct current stimulation parameters

on upper limb motor learning in healthy older adults and people with
Parkinson’s disease. Rev Neurosci. 2023;34(3):325-48.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12



	Protocol for a home-based self-delivered prehabilitation intervention to proactively reduce fall risk in older adults: a pilot randomized controlled trial of transcranial direct current stimulation and motor imagery
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Methodsdesign
	Study design
	Participant selection
	Group randomization
	Sample size
	Experimental protocol
	Baseline visit
	Pre-intervention visit
	Intervention sessions
	Motor imagery
	Transcranial direct current stimulation (tDCS)

	Post-intervention visit
	Feasibility assessment
	Analytical methods
	Data and safety monitoring

	Discussion
	Acknowledgements
	References


