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ABSTRACT

Objectives To explore the experiences and acceptability
of music-cued motor imagery (MCMI), music-cued gait
training (MCGT), and combined MCMI and MCGT (MCMI-
MCGT) in people with multiple sclerosis (pwMS). We also
aimed to explore participants’ self-rated health status
postintervention and gather recommendations for further
programme development.

Design Qualitative study alongside the double-blind
randomised controlled real and imagined gait training with
music-cueing (RIGMUC) multicentre trial of MCMI, MCGT
and MCMI-MCGT.

Setting PwMS recruited for the RIGMUC trial from
Departments of Neurology at Medical Universities of
Innsbruck and Graz and Clinic for Rehabilitation Muenster,
Austria.

Participants All 132 pwMS with mild to moderate
disability randomised into the trial were included in the
analysis.

Methods Participants practised home-based MCMI, MCGT
or MCMI-MCGT for 30 min, 4x/week, for 4 weeks. Three
trained researchers conducted weekly semistructured
telephone interviews during the intervention period,
supporting adherence, addressing problems, sharing
experiences and assessing intervention acceptability.
Follow-up interviews at 4-week postintervention aimed

to understand participants’ self-rated changes in walking,
fatigue and overall health compared with their prestudy
condition. Investigator triangulation was employed among
the researchers to enhance trustworthiness and credibility.
Results Using thematic analysis, we identified five
themes: (1) empowerment, (2) remaining in sync, (3)
interconnection between imagined and actual walking, (4)
sustaining focus and (5) real-world transfer. Participants
appreciated and found the imagined and actual MCGT
innovative. Problems included concentration issues, early
fatigue in advanced disability and difficulty synchronising
with music cues. Positive changes in walking, fatigue and
overall health postinterventions were reported offering
valuable insights for programme development.
Conclusions A participatory study to codevelop a music-
cued exercise programme for pwMS seems appropriate as
participants appreciated the innovation and effectiveness
of both imagined and actual MCGT. Future studies should
also investigate pwMS’ potential and limitations in
enhancing their MCMI abilities with intensive therapist-
supported practice.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Conducted alongside a randomised controlled trial,
this qualitative research drew on insights from prior
studies and the involvement of people with multiple
sclerosis (MS).

= We created a semistructured interview guide and
conducted telephone interviews to gather detailed
insights on the experiences and acceptability of an
actual and imagined music-cued gait training, as
well as their combination, in people with MS.

= Reflexive thematic analysis was used, and investi-
gator triangulation was employed to enhance trust-
worthiness and credibility.

= The data collection involved multiple interviewers
with varying levels of experience in qualitative in-
terviewing, and despite all receiving training, the
potential influence of these differences on the gath-
ered information cannot be dismissed.

= The lack of member checking and the absence of
self-rated health status evaluation at the start of the
study represent further limitations.

Trial registration number DRKS00023978.

INTRODUCTION

Multiple sclerosis (MS) is a chronic, inflam-
matory demyelinating disease of the central
nervous system, affecting approximately
2.3million people globally.! It presents as
deficiencies in motor, sensory, visual and
other bodily functions and often leads to
progressive disability.” Walking impairment
and fatigue are notable concerns for people

with MS (pwMS), detrimentally influencing ¢

their quality of life (QoL).”* Reductions in
walking speed and distance impact daily activ-
ities and participation and can serve as indi-
cators for levels of independence in self-care,
functional mobility and domestic life.”

Motor imagery (MI) involves mentally simu-
lating movement without physical execution
to enhance motor performance.® Two modes
of MI exist: a visual mode (visualising oneself
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moving) and a kinaesthetic mode (perceiving one’s body
moving).® The kinaesthetic mode that was used for the
current study relies on existing motor representations
and acquired motor skills,” making walking ability essen-
tial for effective MI of walking. Originally developed for
enhancing athletic performance,”® MI has been explored
in rehabilitation settings,” showing promise as an alter-
native method to stimulate movement in people with
various conditions including MS.'" It shares temporal
characteristics and activates brain areas involved in actual
motor actions.®”

External rhythmic cues have been shown to improve MI
timing and ability in pwMS."' Consequently, we integrated
MI with rhythmic cueing in our earlier research.'” '
Rhythmic-auditory cueing involves metronomes, musical
beats and rhythmic-verbal cues to assist cyclical move-
ments, particularly walking.'*'® This approach has proven
effective in enhancing walking and gait parameters in
people with neurological conditions including MS."*'7 Tt
operates by facilitating rhythmic entrainment, aligning
neural rhythms with external auditory cues.'* Our prior
randomised controlled trials (RCTs) indicated the effi-
cacy of combined MI and rhythmic-auditory cueing on
walking, fatigue and QoL in pwMS.” ¥ Our real and
imagined gait training with music-cueing (RIGMUC)
trial indicated improvements in walking, fatigue and QoL
after music-cued MI (MCMI), music-cued gait training
(MCGT) and combined MCMI and MCGT (MCMI-
MCGT) in pwMS, with no significant between-group
differences observed."

A comprehensive assessment is essential for the
successful integration of these interventions into clin-
ical practice. Gathering detailed qualitative feedback
complements quantitative evaluations, providing deeper
insights into individuals’ experiences with actual and
imagined MCGT." * So far, no qualitative studies have
explored the experiences of pwMS regarding actual or
imagined MCGT. The aim of this study, therefore, was to
gain insight into the experiences and acceptability of an
actual MCGT, an imagined MCGT and a combination of
actual and imagined MCGT in pwMS. Additionally, the
study aimed to explore participants’ self-rated health
status including perceived changes in walking and fatigue
after the intervention and gather their recommendations
for developing the programme further.

METHODS

Design and setting

This qualitative study employed a design centred on
reflexive thematic analysis (TA) within a constructionist
epistemological framework.”' Interviews were performed
in parallel to the multicentre double-blind ‘RIGMUC’
RCT investigating the effects of home-based MCMI,
MCGT and MCMI-MCGT on walking, fatigue, cognitive
and emotional functioning, and health-related QoL in
pwMS."*#? The Consolidated criteria for Reporting Qual-
itative research® was followed to enhance rigour and

trustworthiness (online supplemental file 1). The study
was conducted at the Clinical Department of Neurology,
Medical Universities of Innsbruck (centre 1) and Graz
(centre 3) and Clinic for Rehabilitation Muenster (centre
2), Austria.

Participant selection

Every participant enrolled on the RIGMUC trial (n=132)
was interviewed as part of this qualitative study. Primary
inclusion criteria encompassed people aged >18 years,
diagnosed with MS based on McDonald criteria,24 with an
Expanded Disability Status Scale (EDSS) score of 2.0-5.0%
and stable disease. Key exclusion criteria included cogni-
tive impairment (Montreal Cognitive Assessment (MoCA)
score <26/30*); anxiety or depression (Hospital Anxiety
and Depression (HADS) subscales score >11/21 points”)
or suicidality (narrative screening); relapse within the
past 3months; initiation or modification of medication
(including corticosteroids, disease-modifying treatment
and symptomatic treatment that impacts walking) and
physiotherapy in the preceding 3months or during the
study.”

Information brochures and study participation invita-
tions were displayed at study centres, and clinical staff
informed pwMS about the research. Furthermore, the
study was advertised on the Austrian MS Society website.
Sample size determination was guided by the parallel RCT
rather than saturation, as our aim was to acquire in-depth
understanding of the experiences and to gather sugges-
tions for improvement from each participant undergoing
the MCGT intervention.

Data collection

Demographic and clinical data, encompassing age,
gender, education, EDSS, MS phenotype, and disease
duration, global cognitive impairment (MoCA), anxiety
and depression (HADS), and suicidality (narrative
screening) were assessed.”

Individual, semistructured telephone interviews were
carried out weekly and on participants’ requests by
trained researchers (BS, BH and IH; online supplemental
file 2) throughout the 4-week home-based intervention
period to support adherence, address problems, share
experiences and assess acceptability of the intervention.
Recording of home-based training and incidents of falls
was performed. Follow-up interviews were conducted by
the same trained researchers 4weeks postintervention to
understand participants’ self-rated changes in walking,
fatigue and overall health status compared with their
condition before the study. The interviews followed an
interview guide (online supplemental file 3) created
based on the literature and researchers’ clinical expertise.
The interview guide development incorporated primary
open-ended questions grounded in a constructionist
theoretical framework,”" supplemented by follow-up
probing questions for interviewers to use during the
interview.™ The guide was pilot tested with three pwMS.
Interviews were audio recorded and transcribed, and field
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« for 4 weeks

* 30 minutes
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« for 4 weeks

Figure 1 Central elements of the intervention across the
three groups. MCGT, music-cued gait training; MCMI, music-
cued motor imagery.

notes were taken. An open-ended interactive, respon-
sive and flexible interview format was chosen to explore
unexpected perspectives and capture the most signifi-
cant details for each participant.29 Building a connection
with interviewees involved introducing the researcher’s
professional background, personal goals, interests in the
research topic and study purpose. Participants, on giving
written consent for telephone interviews to be transcribed
(online supplemental file 4), were explicitly informed of
their right to withdraw at any point, and thatall transcripts
would be anonymised. Clarifying questions were included
in all interviews to ensure an accurate understanding of
participants’ narratives. Interview duration ranged from
20 to 46 min.

Intervention

Three intervention groups practised home-based kinaes-

thetic MI and/or gait training with music, metronome

and verbal cues 4x/week, for 4 weeks. Participants prac-
tised 30min of MCMI (group 1), 15min each of MCMI-

MCGT (group 2) or 30 min of MCGT (group 3). Figure 1

presents the key elements of the intervention.

Rhythmic-auditory cueing of the audio mix comprised
three components:

1. For music-cueing, motivational instrumental music
featuring a regular beat in a 2/4 or 4/4m and strong
ON and OFF beat patterns was used.'* ** *' Rhythmic
music sequences at 80-120 beats/min were used as the
predominant cueing component.

2. Metronome cues were integrated into the music se-
quences, emphasising the music beat and tempo, aim-
ing to support gait synchronisation.

3. Rhythmic-verbal cues were also integrated into the
music-metronome sequences, served as reminders for
task practice and helped participants’ focus on specific
respective body parts such as the feet. Rhythmic-verbal
cues intermittently accentuated the cueing, employing
phrases like ‘step-step’ or ‘toe-off’* with various walk-
ing tasks.

An audio mix containing the three cueing components
was specifically created for this study using Audacity,

V.3.0.0).” Additionally, verbal instructions on MI or gait
training were incorporated. The audio mix was modified
weekly to progressively increase the tempo and prevent
disengagement, encouraging adherence. It was made
available for download on participants’ electronic devices
for all groups or as study CDs for MCMI group.

Participants were individually familiarised with MCMI
and MCGT following established recommendations'’ **:
For enhancing MI ability, the PETTLEP approach to MI
was applied, involving the components of ‘Physical, Envi-
ronmental, Task, Timing, Learning, Emotional and
Perspective’.® Detailed information on the intervention
was outlined in the published study protocol.” Partici-
pants in all groups received weekly telephone support for
their MCMI and MCGT practice throughout the 4-week
intervention period. These calls served a dual purpose:
they were both a component of the intervention and a
part of the data collection process. Participants recorded
practice frequency and duration in a diary.

Data analysis

Descriptive statistics were employed to summarise infor-
mation on demographic and disease-specific data (IBM
SPSS software, release V.28.0, IBM). Recordings were tran-
scribed verbatim using f4transcript adhering to Dresing
and Pehl’s semantic-content transcription rules.”” Tran-
scripts were cross-checked with recordings while member
checking was omitted due to the exploratory nature of
this research and complexity of findings. f4 software
(Dresing & Pehl, Germany) was used for TA, defined as a
‘method for identifying, analysing and reporting patterns
or themes within data’.”® BS coded all data, with IH coding
50% of the data. Investigator triangulation was employed
among the data analysts to enhance trustworthiness and
credibility, and emergent findings were discussed within
the wider research team (n=8; online supplemental file
2). We identified semantic and latent themes relevant to
the research question. These themes were summarised
and interpreted” involving coding, segmentation and
data extraction. Developed themes were reviewed and
refined reflexively and iteratively, and data recoded as
appropriate.37 Themes were assessed for internal homo-
geneity and external heterogeneity.”

Patient and public involvement

The study intervention was formulated by integrating
insights from previous research findings™ ™ > * and
patient involvement including an MS advisory group.
Based on the feedback from an MS advisory group, we
chose motivating music with a pleasant melody, along
with metronome cues featuring varying tone pitches.
Furthermore, the selection of the intervention duration
and frequency was endorsed by an advisory group.
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Table 1 Participants’ baseline characteristics
MCMI group (n=44) MCMI-MCGT group (n=44) MCGT group (n=44)

Age* 49.2 (11.3) 47.4 (9.8) 49.9 (11.5)
Gender

Femalet 31 (23.5) 32 (24.2) 33 (25.0)

Malet 13 (9.8) 12 (9.1) 10 (7.6)
Diverset 0 (0.0) 0 (0.0) 1(0.8)
Years of education* 13.5 (3.1) 14.3 (3.0) 14.2 (3.7)
Disease duration* 16.4 (8.8) 16.8 (9.7) 18.9 (10.7)
Multiple sclerosis phenotypet

Relapsing-remittingt 30 (22.7) 34 (25.8) 28 (21.2)

Primary progressivet 7 (5.3) 0 (0.0) 5(3.8)

Secondary progressivet 6 (4.5) 10 (7.6) 9 (6.8)

Secondary progressive active diseaset 1(0.8) 0 (0.0) 2 (1.5)
EDSS score§ 2.5 (2.0-4.0) 3.0 (2.5-4.0) 3.0 (2.0-4.0)
HADS anxiety§ 5.0 (4.0-7.0) 6.0 (5.0-7.0) 5.0 (4.0-7.0)
HADS depression§ 5.0 (4.0-7.0) 4.0 (4.0-6.0) 5.0 (4.0-7.0)
HADS total§ 11.0 (9.0-13) 10.0 (9.0-13.0) 10.0 (9.0-13.0)
MoCA$§ 28.0 (27.0-29.0) 28.0 (28.0-30.0) 28.0 (28.0-29.0)

Higher EDSS scores reflect more severe disability caused by multiple sclerosis.

*Data are mean (SD).
TNumber (%).

+The multiple sclerosis phenotype was determined based on the criteria outlined in the Lublin classification.®*

§Median (IQR).

EDSS, Expanded Disability Status Scale; HADS, Hospital Anxiety and Depression Scale; MCGT, music-cued gait training; MCMI, music-cued

motor imagery; MoCA, Montreal Cognitive Assessment.

RESULTS

Participant characteristics

Between 9 February 2021 and 15 November 2022, 132
participants were randomly assigned to MCMI (n=44),
MCMI-MCGT (n=44) or MCGT (n=44). Five participants
did not complete the intervention (online supplemental
file 5). Overall, we performed 718 interviews, including
593 support interviews (mean 24min (18-46)) and 125
follow-up interviews (mean 31 min (18-44)). Mean age of
all participants was 48.9 years (SD 10.9), and 96 (72.7%)
were women, 35 (26.5%) were men and 1 (0.8%)
reported diverse gender. The median EDSS score was 3.0
(IQR 2.0-4.0) (table 1).

Overview of themes

We identified five themes through TA: (1) empowerment,
(2) remaining in sync, (3) interconnection between imag-
ined and actual walking, (4) sustaining focus and (5) real-
world transfer. Themes 2 and 3 as well as themes 3 and
4 were related to each other and were drivers of themes
1 and 5 but also stood alone so were not considered
subthemes. Theme 5 was a driver of theme 1 and also
stood alone (figure 2). See online supplemental table 1
for additional quotes.

Empowerment
Incorporating both physical and emotional aspects
through exercise, participants viewed the MGCGT

approaches as innovative and positive, not only towards
exercise but also in coping with MS. They associated the
training and instructions with positive reinforcement,
fostering a sense of personal empowerment. Participants
expressed that life with MS can still be fulfilling and

—

Empowerment

Remaining in sync

Interconnection between imagined
and actual walking

Sustaining focus

I Real world transfer

Figure 2 Thematic map presenting the main five themes
and their key relationships.
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beautiful, emphasising the idea that despite challenges,
one can find value and purpose. Participants voiced feeling
motivated to actively manage their health, make deci-
sions aligning with their values and lifestyles, ultimately
fostering a greater sense of autonomy and control in their
healthcare journey. They emphasised the interconnected
nature of motivation and empowerment, describing them
as mutually reinforcing qualities. Motivation was seen as
laying the foundation for empowerment, while empow-
erment, in return, bolstered motivation by nurturing
feelings of empowerment, confidence and effectiveness.
Participants described that the music’s rhythm helping
them shift their focus away from effort and worries. More-
over, they described that the programme educated them
on reconnecting with their bodies. Nearly all participants
conveyed their liking for the music, noting it assisted both
their walking and balance. Music-cueing effectuated a sort
of automation in walking, thereby facilitating a smoother
and more effortless gait.

The music motivates me significantly! Walking takes
on a different rhythm with the music, influencing my
gait and adding a unique dimension to the experi-
ence. (ID65/MCGT)*

*Participant’s ID/group name.

Participants indicated that engaging in gait training
would enhance their motivation to walk, driven by
increased self-confidence and self-efficacy. They derived
pleasure from the walking training due to their percep-
tion of its effectiveness.

I appreciate gait training as it enhances my motiva-
tion to walk regularly. The consistent practice fosters
greater self-confidence, making me realise what I can
achieve and pushing my boundaries. (ID90/MCGT)

Participants valued the novelty of the music-supported
exercises, recognising that this combination increased
their motivation to walk, inspired them to be active and
participate in new activities and expanded their belief in
what they could accomplish. The weekly changes to the
audio mix further heightened motivation.

The walking exercises are innovative and fantastic be-
cause the music not only motivates me but also helps
me accomplish more than I would under normal cir-
cumstances! (ID29/MCGT)

Music-cued walking training held value, especially for
those with more pronounced walking impairments as it
introduced novel movement patterns.

With this walking training, you engage in certain
movements that you might not attempt otherwise.
(ID118/MCMI-MCGT)

Participants reported experiencing both physical
and psychological advantages through music-cued
(imagined) gait training. These benefits were inter-
twined, influencing their perspective on living with MS.
Participants associated the training and instructions with

positive reinforcement, fostering acceptance of MS and
promoting a sense of personal empowerment.

The music-supported exercise approach and instruc-
tional style contribute to my increased acceptance of
my MS condition, demonstrating that life with MS
can be beautiful. It reinforces the idea that one can
make life worthwhile despite the challenges. (ID119/
MCMI)

Many participants recommended integrating these
music-cued walking exercises for pwMS, highlighting the
potential to be physically active and gain new insights into
exercise routines.

I highly recommend these exercises to fellow pwMS.
They are quite innovative, not only instilling a new-
found desire in me to walk more but also making the
training thoroughly enjoyable. (ID37/MCMI-MCGT)

Remaining in sync

Participants expressed feeling a subconscious connection
to the music’s rhythm, noting a transformation in their
walking that resembles a meditative experience. Achieving
synchronised walking with the beat was viewed as a source
of increased motivation. They expressed that the music
served as a catalyst for their movement, infusing walking
with a sense of enjoyment. Participants found that music
also facilitated an automatic response in their walking,
making their gait smoother and more effortless. This
would reduce the need to concentrate during walking,
lessening external distractions and resulting in extended
distances walked.

Having the music or rhythm in my ear while walking
really helps; you get into the flow if you just keep go-
ing with it. (ID60/MCMI-MCGT)

Participants shared that the walking training remained
enjoyable even when the music tempo was quite fast,
presenting a challenging aspect. Combining slow rhythms
and large steps posed initial difficulties in maintaining
balance. They acknowledged that with consistent prac-
tice, they were able to successfully complete the tasks,
enhancing their awareness of movement.

Gait training is super fun! At the start of each new
week, it’s challenging to get in sync again, but it gets
better. (ID37/MCMI-MCGT)

Music appeared to deeply engage participants’
emotions. Those who favoured the selected genres, noted
melodies and rhythms to resonate with their feelings and
personal experiences, establishing a profound emotional
connection and eliciting considerable pleasure.

I'm increasingly connecting with the music beat, and
it’s translating into my physical movements. (ID50/
MCGT)

Participants in both the MCMI and MCMI-MCGT
groups faced comparable difficulties in coordinating
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their imagined walking with the music beat, especially in
initial training stages.

At the moment, it is not yet possible for me to remain
with my imagined walking on the rhythm and beat for
a whole song. (ID1/MCMI-MCGT)

Early difficulties were mainly noted in kinaesthetic MI,
but practice led to noticeable improvements.

I find the MI training quite pleasurable now; even
though with some faster songs, it’s still a little chal-
lenging to maintain the pace, I can already better
'feel' my body walking. (ID109/MCMI)

Participants perceived a resonance with the rhythm
during MCMI, leading to a positive sensation after
practice.

Certain participants considered the walking programme
quite strenuous. Among the challenges reported, some
found keeping in time and taking slow steps to be the
most difficult exercise while others struggled with taking
large steps.

Big steps are still somewhat difficult because of my
balance issues. With slow walking, keeping balance
is also challenging, and this exercise is unfamiliar to
me. (ID122/MCMI-MCGT)

Participants with severe walking impairment found
certain exercises challenging, requiring extra recovery
time post-training. Fatigue further exacerbated the effort
required during walking.

If the music tempo is fast, I tire quickly. (91/MCGT)

Participants who were proficient walkers did not
encounter significant challenges with walking itself, but
they still faced issues related to endurance.

Keeping up the pace works well, but I notice that I
lack stamina. (ID67/MCGT)

As participants progressed through the exercises, they
found them to become more manageable, indicating
improvement. Several participants mentioned sensing
the music’s influence on their gait, providing support and
reducing the perceived physical exertion.

I find it interesting that when I exercise with the mu-
sic, it feels easier, and I don't feel the effort as much.
(ID47/MCGT)

Participants held varied views on different types of cues.
Many found both music and metronome beneficial in
aiding orientation and maintaining a consistent walking
pace.

The music tracks and the metronome both serve as
effective guides for keeping my orientation while
walking. (61/MCMI-MCGT)

Participants appreciated verbal cues as helpful
reminders, but some felt they interfered with their ability
to focus on walking.

The verbal cues tend to interfere because if they're
'left—right,' I may just step with the other foot. But
otherwise, the verbal cueing is good because it re-
minds me of the task. (ID42/MCMI-MCGT)

One participant in the MCGT group expressed feeling
overwhelmed by the various stimuli.

I feel overwhelmed when faced with all the informa-
tion simultaneously. (ID74/MCGT)

Some participants felt that the metronome beat was
somewhat too loud or even irritating while others found
it particularly helpful, preferring it over the music cues.

Honestly, I find the metronome annoying. (ID84/
MCMI)

Finding the beat at first is a bit difficult—the metro-
nome helps with this. (ID4/MCGT)

Interconnection between imagined and actual walking

The ease or difficulty to perform walking exercises was
reported to be influenced by an individual’s current phys-
ical, cognitive and emotional state. Patients often noted
that MI can enhance their walking abilities even when
their overall health is inferior. Imagining oneself walking
appeared to be less demanding than physically executing
the movement, although imagining more challenging
movements, especially those involving impaired body
parts, could pose difficulties. Participants in MCMI and

MCMI-MCGT groups reported heightened awareness of

the connection between real and imagined walking, espe-
cially regarding the level of exertion.

I've discovered that what comes easily in real walk-
ing is similarly effortless in my imagination. (ID102/
MCMI)

Participants facing challenges in foot lifting, narrow
walking, large steps and gait speed observed these diffi-
culties persisting during MI. Simulating walking on the
more impaired side was notably more challenging than
the side with better motor functioning.

Visualising the movement of my left foot is more
difficult, likely because my gait issues are more pro-
nounced on that side. (ID113/MCMI)

Changes in tempo appeared to present challenges in
both actual and imagined walking. Successfully managing
the task led to a temporary improvement in walking.

I often struggle with MI, especially with small and
quick steps. Such movements are typically challeng-
ing for me, making it hard to visualise. However, if it
works, it tends to inspire me to walk, and I manage to
take a few steps quite nicely! (ID18/MCMI)

Coordinating the movement of arms and legs in sync
with the beat seemed nearly impossible for most partici-
pants, both in real and imagined walking.
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It’s challenging for me to envision my hands moving
along during imagined walking because I haven’t
been able to do that in real walking for a long time.
(ID131/MCMI)

For certain participants, engaging in MI seemed to
trigger autonomous changes akin to those experienced
during real walking, such as sweating.

During MI, I tend to perspire similarly to when I en-
gage in proper walking. (ID119/MCMI)

Some felt that their muscles were inclined to contract
or actually contracted, even when they were sitting in a
relaxed position on a chair.

I'even feel my muscles contracting during imagery, cre-
ating an enjoyable sensation. (ID53/MCMI-MCGT)

Participants facing challenges in MI were advised by
study therapists to experiment with strategies like physi-
cally performing the movement before transitioning into
MI, a successful approach in some cases.

With MI, I initially had to actively execute the foot

lift to be able to visualise the movement effectively.
(ID15/MCMI-MCGT)

After practising several weeks of MCMI, some partici-
pants observed improvements in their motor function.

I've observed that imagining movements positively
impacts the way I actually do them. (ID131/MCMI)

Sustaining focus

The majority of participants viewed MI as a stimulating
and novel experience, with successful imagery evoking
feelings of happiness and satisfaction. Overall, engaging
in MI was described as pleasurable, calming and uplifting,
often accompanied by a sense of warmth in the body
during the practice. Initially, certain participants strug-
gled with MI, but over time, many found it enjoyable.
However, concentrating on MI could be challenging due
to distractions from other thoughts or external factors.
Some faced ongoing concentration issues, especially
those prone to fatigue. Introducing a pause was identi-
fied as a beneficial strategy. Participants acknowledged
that regular practice was crucial for effective MI.

Engaging oneself in movement imagery is initially
quite demanding. However, once immersed, I get
into a certain flow with it. (ID83/MCMI-MCGT).

Effort specifically pertained to the cognitive load.

Imagining myself walking is more mentally taxing
than I anticipated. (ID101/MCMI-MCGT)

As MI duration increased, some initially experienced a
decline in concentration. However, concentration on MI
improved over weeks of practice.

With MI, the first 15 minutes are always harder than
the second 15 minutes. The second week I was much
better at imagining (...). (119/MCMI)

Although the study intervention focused on kinaes-
thetic MI and participants were instructed to perform
kinaesthetic MI, some found visual MI to be easier. This
distinction persisted for certain participants while for
others, continuous practice led to an improvement in
feeling their body moving during MI.

I can imagine moving my limbs quite well already, but
'feeling' my body walking is a bit more difficult than
'seeing’ it. (ID109/MCMI)

Participants observed that MI not only enhanced their
walking but also positively impacted other body systems.
Improved sensory responses, enhanced body perception
and mood were reported. For pwMS with impairments
in bodily perception, imagining strong movements like
taking large steps was found beneficial. Participants also
found it helpful to imagine walking in familiar contexts
and appreciated the positive influence of particular songs
on their MI experience.

This programme is so innovative! Personally, envi-
sioning myself walking proves beneficial for my psy-
che. (ID53/MCMI-MCGT)

Participants described a sensation of their body warming
up or their heartbeat quickening during MI practice.

.. my body warms up while practicing [MI]! (ID52/
MCMI)

When MI posed challenges, certain participants found
it advantageous to relate its content to their immediate
surroundings. ‘The motor imagery part is difficult, and
therefore I imagine myself walking in certain familiar
contexts such as a path along the river close by, which
helps.” (28/MCMI-MCGT)

Real-world transfer

Many participants aimed for integrative use of the
training content in daily life. Most participants welcomed
the intervention for its diverse approach, incorporating
weekly changes in audio mix, exercises and music, along
with walking on different surfaces. Some emphasised the
personalised aspect, like using walking sticks outdoors
during fast melodies and walking without sticks indoors
with a slower beat. They found guidance and instructions
to the programme helpful, boosting adherence.

The training provides a refreshing change from the
usual therapies. (ID 8/ MCMI-MCGT)

Several participants conveyed a preference for an even
greater variety in the exercises.

In my opinion, even more variety would be desirable,
such as taking side steps and not just walking straight
ahead, stair climbing, and standing still for a mo-
ment. (ID127/MCGT)

Participants emphasised the importance of structuring
their MI considering the time of day and their fatigue
level. Applying to both actual gait training and MI, the
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choice of timing depended on individual work and care
responsibilities.

Structuring my walking imagery training is import-
ant, considering the time of day and fatigue. I find
it best to practice first thing in the morning! (ID20/
MCMI)

Certain participants were unsure if their MI or walking
aligned with the intended approach. They desired a
supervising physiotherapist for instructions, corrections
and video guidance.

I feel uncertain about whether I'm doing it right,
so it would be helpful for me to show the various
walking tasks to a supervising physiotherapist and
ask for confirmation. /... could potentially be com-
bined with video guidance in advance. (ID128/
MCMI-MCGT)

Many participants wanted personalised MCGT, desiring
customisation in both walking exercises and music selec-
tion. Those with distinct music preferences, such as hard
rock or jazz, expressed a desire for the option to choose
the music genre in future applications.

I'd appreciate different musical genres to choose
from. (ID82/MCMI-MCGT)

Participants appreciated the no-cost access to the
exercise programme, highlighting its convenience as it
required no special equipment, allowing easy engage-
ment whenever needed.

There’s no need for special equipment; you can al-
ways engage in the walking training. (ID132/MCGT)

Some participants saw the training as beneficial not
only for pwMS but also for those with other neurological
disorders. They acknowledged the detailed instructions
and helpful tips, recognising the broader applicability of
the training.

I believe this programme can be used as is, with
guidance for information, by all individuals who
could benefit from it, not just those with MS. (ID66/
MCMI-MCGT)

Some participants emphasised the need for progressive
difficulty and a broader range of exercises to maintain
engagement. Recommendations included incorporating
exercises for pwMS postrelapse and presenting training
elements through videos for clearer instructions.

I propose a further development that integrates short
videos for individuals with MS to visually observe the
different steps and movements. (ID103/MCMI)

Participants valued the flexibility of integrating gait
training into different situations and drew motivation
from its usage. Some suggested using this training as a
group activity.

I believe this kind of training would be fascinating
as a group activity. It could be even more enjoy-
able, with people motivating each other. (ID101/
MCMI-MCGT)

Most participants reported improvements in walking,
fatigue, overall health status and body perception.

The walking exercises inspire a more active approach
and encourage better awareness of your body; this is
truly a new experience for me. (ID7/MCGT)

I am eager to continue gait training as it not only pro-
vides mental fortitude but also positively impacts the
body and overall health. It feels like training the en-
tire movement process. (44/MCMI)

Participants expressed feeling more secure on stairs
and an enhanced sense of upright posture during daily
sitting and walking.

I feel great because I can navigate stairs more easi-
ly now, and I no longer feel as insecure. (ID36/
MCMI-MCGT)

Following MCMI, some participants noted that the
skills acquired through MI had successfully transferred to
their real-life walking.

It’s easier to walk in everyday life if I apply what I've
learned through MI. (ID63/MCMI)

Accessibility was considered crucial, with recommenda-
tions for the programme to be widely available due to its
practicality and potential benefits for those with walking
difficulties. Participants proposed a collaboratively devel-
oped comprehensive music-cued exercise programme
extending beyond gait training, incorporating daily activ-
ities and various motor tasks. Suggestions included inte-
grating walking sticks into MI, involving arm and hand
tasks, applying MI to household activities and combining
walking and breathing exercises.

For future exercise programmes, I'd like a compre-
hensive plan with music that includes various tasks,
potentially incorporating daily life activities. (ID63/
MCMI)

DISCUSSION

This study aimed to gain insight into the experiences and
acceptability of an actual and imagined MCGT versus
their combination in pwMS. Furthermore, the study
aimed to explore participants’ self-rated overall health
status including perceived changes in walking and fatigue
after the intervention and gather their recommendations
for the further development of the programme. Five
themes were identified through TA: (1) empowerment,
(2) remaining in sync, (3) interconnection between
imagined and actual walking, (4) sustaining focus and (5)
real-world transfer.
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Theme 1 encapsulates participants’ reflections on
personal empowerment, increased motivation and the
perceived possibility of leading a more active life while
living with MS. This theme also details the physical and
psychological advantages derived from both real and
imagined gait training, shaped by positive reinforcement
and music-supported exercises. Our results are partially
consistent with those of a qualitative study involving pwMS
with moderate disability."” The participants in that study
reported enhanced bodily confidence, greater autonomy
in daily tasks and increased involvement following core
stability and balance exercise training.* Similar to our
study, participants in the referenced study found the
exercises to be novel, engaging and demanding in terms
of physical capabilities and focus. However, a distinction
between the two studies is that their account did not
extend beyond the improvements in functional abili-
ties, omitting enhanced personal empowerment and the
perceived potential for leading a more active life with MS.
Consistent with our results, another qualitative study char-
acterised exercise as a vital therapeutic approach for MS
management. Participants in that study viewed exercise as
a means to assert control over MS, rather than letting MS
control them.*!

Theme 2 illustrates participants’ perceptions of
synchronising their walking to the music beat, which
was described as a rewarding challenge, improving
concentration and providing a sense of flow. Our find-
ings align with research suggesting that music can
evoke biologically grounded emotions crucial for
human experience.* Studies exploring the connection
between music and meaning have identified mecha-
nisms influencing emotions, using diverse information
to shape future behaviour.” * These mechanisms are
linked to mental representations.”” ** Our results may
be explained by various mechanisms engaging distinct
modes of mental representation, as outlined in the
BRECVEMA framework.”” BRECVEMA comprehen-
sively addresses emotional responses to music through
psychological mechanisms such as brain stem reflex,
rhythmic entrainment, evaluative conditioning, conta-
gion, visual imagery, episodic memory, musical expec-
tancy and aesthetic judgement.”” ** In our study, each
of these elements constituted the intervention, contrib-
uting to the observed findings. While one participant
in the MCGT group expressed feeling overwhelmed by
various stimuli, no other mentions of feeling overstim-
ulated were reported. Conversely, participants largely
valued the music cueing, with some individuals finding
the metronome or verbal cues particularly beneficial.
This contrasts with prior studies highlighting sensory
processing challenges,* especially concerning multisen-
sory information processing.” The differences observed
might be linked to the intervention context, considering
that previous cross-sectional studies solely conducted
distinct tests, while our study involved a comprehen-
sive intervention facilitated by physiotherapists through

phone support. Further investigation is warranted to
delve deeper into this topic.

Theme 3 highlights MCMI and MCMI-MCGT group
participants’ perspectives regarding the strong connec-
tions between real and imagined walking. These findings
align with prior studies indicating the interconnection of
imagined, perceived and executed actions.” * Imagining
specific movements activates a representation linked
to the sensory outcomes and motor output of the same
movement.”! >

Theme 4 highlights participants’ initial challenges with
MI, though many reported gradual improvement and
increased enjoyment. Despite the study team’s intention
to solely use kinaesthetic MI, visual MI was easier for some,
persisting throughout the 4-week period while contin-
uous practice improved kinaesthetic MI for others. These
findings align with common observations of impaired
MI ability in pwMS, particularly when cognitive impair-
ment is present.”” Some of our participants reported that
the effort involved in MI was indeed linked to cognitive
load, noting that MI was more mentally demanding than
expected. While our eligibility criteria excluded pwMS
with cognitive impairment, this decision could explain
why participants did not report additional challenges
concerning cognitive limitations. Limited evidence exists
on improving MI ability through repeated rhythmic-cued
practice in pwMS.” Previous studies suggest methods like
PETTLEP and external cueing can enhance MI abilities
in pwMS," ¥ ** both were incorporated in our study. A
study reported differences between internal and external
MI perspectives, indicating that patients with higher levels
of physical proficiency tended to use internal MI.”> Other
research demonstrated that employing kinaesthetic MI
improves mental synchrony between imagined and actual
movements, particularly compared with visual MI in a
sedentary population.”® Some of our participants with
varying degrees of motor impairment initially struggled
with kinaesthetic MI, but improvements were observed
over time. The reasons for this are currently unknown
and warrant further investigation in future studies. These
findings further emphasise the importance of exploring
methods to facilitate kinaesthetic MI in pwMS.

Theme 5 embraces a diverse approach of MCMI, MCGT
and MCMI-MCGT, including the programme’s weekly vari-
ations in audio mix, exercises and music and highlighting
personalisation. Some participants suggested expanding
the programme, introducing greater variety, progression
in difficulty, physiotherapeutic supervision and video
instructions. Our findings are consistent with a systematic
review”’ that highlighted key components in successful
motor training programmes for pwMS, including a great
variety of exercise components, high intensity and vari-
ability in training, task-focused exercises, progressive diffi-
culty levels, context-specific training and a client-centred
approach.” Participants’ positive response to the diverse
training content, finding it enjoyable and challenging,
resonated with findings from a recent qualitative study
on multimodal agility-based exercise training in fatigued
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pwMS.”® Additionally, our participants expressed desire
for diverse exercise options aligns with a study demon-
strating that increased variety in exercises can promote
well-being, motivation and adherence.” The positive
outcomes and the transfer of MI skills to real-life walking
reported by our participants corroborate findings from
systematic reviews outlining effective MI training charac-
teristics across different populations'’ and a recent study
in healthy individuals showing transfer effects to motor
skill performance from MI practice.”” Our participants
valued personalisation, information accessibility and indi-
vidualised support from physiotherapists, aligning with a
qualitative meta-synthesis indicating that positive profes-
sional guidance, exercise-related information and tailored
adjustments were crucial factors highlighted by indi-
viduals with MS to enhance their exercise motivation.”"
These aspects highlighted by our participants mirrored
several exercise training principles from a systematic
review of exercise training in pwMS. These principles
include high specificity, sufficient intensity, progression
in difficulty/intensity, greater potential with low baseline
values and maintaining training for sustained improve-
ments.”” Furthermore, reflecting our complex interven-
tion, a network meta-analysis of RCTs demonstrated that
although a variety of exercise types improved functional
balance and walking in pwMS, the most effective were
more complex interventions including yoga, aquatic
exercise training and virtual reality training.

Implications for further development of the MCMI and
MCGT programmes include ensuring the integration
of training content into daily life, maintaining a diverse
intervention approach, incorporating weekly changes in
audio mixes, exercises and music and walking on different
surfaces. Specific instructions, individualised guidance
and free access to the exercise programme are also essen-
tial. Additionally, expanding the range of exercises, intro-
ducing progressive difficulty levels, providing supervisory
physiotherapy support, offering video guidance and
personalising training with customisable walking exercises
and music selections are recommended. Group activities
should be included, and the exercise programme should
potentially be extended beyond MS to other neurolog-
ical disorders, aligning with the desire of pwMS for a
comprehensive and varied approach beyond traditional
gait training.

While our study possesses notable strengths, it is
important to acknowledge its limitations. First, the data
collection involved multiple interviewers, each with
varying levels of experience in qualitative interviewing.
While all interviewers underwent training, the potential
influence of these differences on the gathered infor-
mation cannot be dismissed. We are confident that the
substantial sample size helped mitigate this disadvan-
tage. Second, the lack of member checking represents
a limitation of our study. Third, self-rated health status
was only evaluated after the intervention and not at the
start, which represents a further study limitation. Finally,
our study generated a considerable volume of qualitative

data, necessitating a comprehensive and in-depth anal-
ysis. Recognising the challenges associated with such an
analysis, we made a concerted effort to uphold the depth
and richness of our data. We recognise that due to their
regularity, the weekly interviews with participants might
have been an essential part of the intervention rather
than just an evaluation tool. The interviews not only
monitored progress and offered tailored support for
MCMI and MCGT but also potentially bolstered engage-
ment, communication, accountability and relationships
between participants and therapists.

In conclusion, participants valued both the imagined
and actual MCGT approaches, acknowledging them as
innovative. They reported positive changes in their self-
rated walking, fatigue and overall health status following
the study interventions. They offered valuable recommen-
dations for the further development of the programme,
extending beyond gait training, incorporating daily activ-
ities and various motor tasks. Therefore, proceeding to
a participatory study aiming to collaboratively develop
a music-cued exercise training programme with and for
pwMS seems appropriate. Future studies should also
focus on exploring the potential and limitations of pwMS
in enhancing their MCMI abilities through intensive
therapist-supported MI practice.

Author affiliations

'Clinical Department of Neurology, Medical University of Innsbruck, Innsbruck,
Austria

%Department of Rehabilitation Science, Clinic for Rehabilitation Muenster, Muenster,
Austria

%Karl Landsteiner Institute for Interdisciplinary Rehabilitation Research, Muenster,
Austria

“Department of Neurology, Research Unit for Neuronal Plasticity and Repair, Medical
University of Graz, Graz, Austria

SDepartment of Neurology, Medical University of Graz, Graz, Austria

®Department of Neurology, Clinic for Rehabilitation Miinster, Muenster, Austria
"Division of Neuroradiology, Department of Radiology, Medical University of Graz,
Graz, Austria

Acknowledgements The authors would like to warmly thank the therapists
who provided the study intervention, Christina Willard, Katrin Schiiler, Magdalena
Dippner, and Bettina Rahm, and the pwMS who participated in this study.

Contributors BS, FD and CE obtained funding. BS, CE, DP and CB conceived
and designed the study. RE, BH, BS, FD, CB and CE were involved in participant
recruitment. Study intervention was provided by CW, KS, MD and BR
(acknowledged). Data collection was performed by BS, BH, CW, KS and IH. Data
analysis was conducted by BS and IH. BS drafted the initial manuscript. BS,
BH, IH, DP, RE, CE, FD and CB contributed to data interpretation, subsequent
manuscript drafts and critically revised the article for important intellectual
content. All authors approved the final version of the article to be published. BS
acted as the guarantor, accepted full responsibility for the finished work and/or
the conduct of the study, had access to the data and controlled the decision to
publish.

Funding The study was supported by Bristol-Myers Squibb (NA-CL-MS-PI-13909).
Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the
design, or conduct, or reporting, or dissemination plans of this research. Refer to
the Methods section for further details.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and ethical approval was
granted by the Ethics Committees of the Medical Universities of Innsbruck and Graz

10

Seebacher B, et al. BMJ Open 2024;14:e086555. doi:10.1136/bmjopen-2024-086555

* (s3gv) Jnauadns juswaublasug
| p enbiydeiBolqig 8ouaby 1e GZoz ‘L sunc uo /wod fwg uadolwa//:dny woly papeojumoqd 20z AINC TT U0 §55980-7202-uadolwag/oeTT 0T Se paysijgnd isiiy :uado rNg

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold


http://bmjopen.bmj.com/

on 22 December 2020 (references 1347/2020 and 33-056 ex 20/21). Participants
gave informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Barbara Seebacher http://orcid.org/0000-0001-5699-9077

REFERENCES

1 Browne P, Chandraratna D, Angood C, et al. Atlas of multiple
sclerosis 2013: a growing global problem with widespread inequity.
Neurology (ECronicon) 2014;83:1022-4.

2 McGinley MP, Goldschmidt CH, Rae-Grant AD. Diagnosis and
treatment of multiple sclerosis: a review. JAMA 2021;325:765-79.

3 Larocca NG. Impact of walking impairment in multiple sclerosis:
perspectives of patients and care partners. Patient 2011;4:189-201.

4 Guerrero Aznar MD, Villanueva Guerrero MD, Cordero Ramos J,
et al. Efficacy of diet on fatigue, quality of life and disability status
in multiple sclerosis patients: rapid review and meta-analysis of
randomized controlled trials. BMC Neurol 2022;22:388.

5 Paltamaa J, Sarasoja T, Leskinen E, et al. Measures of physical
functioning predict self-reported performance in self-care, mobility,
and domestic life in ambulatory persons with multiple sclerosis. Arch
Phys Med Rehabil 2007;88:1649-57.

6 Jeannerod M. Mental imagery in the motor context.
Neuropsychologia 1995;33:1419-32.

7 Olsson CJ, Nyberg L. Motor imagery: if you can't do it, you won't
think it. Scand J Med Sci Sports 2010;20:711-5.

8 Holmes PS, Collins DJ. The PETTLEP approach to motor imagery: a
functional equivalence model for sport psychologists. J App/ Sport
Psychol 2001;13:60-83.

9 Villa-Berges E, Laborda Soriano AA, Lucha-Lépez O, et al. Motor
imagery and mental practice in the subacute and chronic phases in
upper limb rehabilitation after stroke: a systematic review. Occup
Ther Int 2023;2023:3752889.

Schuster C, Hilfiker R, Amft O, et al. Best practice for motor imagery:
a systematic literature review on motor imagery training elements in
five different disciplines. BMC Med 2011;9:75.

Heremans E, Nieuwboer A, Spildooren J, et al. Cued motor imagery
in patients with multiple sclerosis. Neuroscience 2012;206:115-21.
Seebacher B, Kuisma R, Glynn A, et al. The effect of rhythmic-

cued motor imagery on walking, fatigue and quality of life in people
with multiple sclerosis: a randomised controlled trial. Mult Scler
2017;23:286-96.

Seebacher B, Kuisma R, Glynn A, et al. Effects and mechanisms

of differently Cued and non-Cued motor imagery in people

with multiple sclerosis: a randomised controlled trial. Mult Scler
2019;25:1593-604.

Thaut MH. Rhythm, music and the brain. scientific foundations and
clinical applications. New York: Routledge, 2005.

Seebacher B, Kuisma R, Glynn A, et al. Rhythmic cued motor
imagery and walking in people with multiple sclerosis: a randomised
controlled feasibility study. Pilot Feasibility Stud 2015;1:25.

Conklyn D, Stough D, Novak E, et al. A home-based walking program
using rhythmic auditory stimulation improves gait performance in
patients with multiple sclerosis: a pilot study. Neurorehabil Neural
Repair 2010;24:835-42.

17

18

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Shahraki M, Sohrabi M, Taheri Torbati HR, et al. Effect of rhythmic
auditory stimulation on gait kinematic parameters of patients with
multiple sclerosis. J Med Life 2017;10:33-7.

Seebacher B, Helmlinger B, Pinter D, et al. Actual and imagined
music-cued gait training in people with multiple sclerosis: a double-
blind randomized parallel multicenter trial. Neurorehabil Neural
Repair 2024;2024:15459683241260724.

Johnson RB, Onwuegbuzie AJ. Mixed methods research: a research
paradigm whose time has come. Educ Res 2004;33:14-26.
Bryman A. Integrating quantitative and qualitative research: how is it
done? Qual Res 2006;6:97-113.

Holstein JA, Gubrium JF. Handbook of constructionist research.
Guilford Press, 2007.

Seebacher B, Helmlinger B, Pinter D, et al. Effects of actual and
imagined music-cued gait training on motor functioning and brain
activity in people with multiple sclerosis: protocol of a randomised
parallel multicentre trial. BMJ Open 2022;12:e056666.

Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting
qualitative research (COREQ): a 32-item checklist for interviews and
focus groups. Int J Qual Health Care 2007;19:349-57.

Polman CH, Reingold SC, Banwell B, et al. Diagnostic criteria for
multiple sclerosis: 2010 revisions to the McDonald criteria. Ann
Neurol 2011;69:292-302.

Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an
expanded disability status scale (EDSS). Neurology (ECronicon)
1983;33:1444-52.

Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal cognitive
assessment, MoCA: a brief screening tool for mild cognitive
impairment. J Am Geriatr Soc 2005;53:695-9.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale.
Acta Psychiatr Scand 1983;67:361-70.

Adeoye-Olatunde OA, Olenik NL. Research and scholarly methods:
semi-structured interviews. J Am Coll Clin Pharm 2021;4:1358-67.
Ritchie J, Lewis J, Nicholls CM, et al. Qualitative research practice:
a guide for social science students and researchers. 2nd edn. Los
Angeles, London, New Delhi, Singapore, Washington DC: Sage,
2014.

Thaut CP, Rice RR. Rhythmic auditory stimulation (RAS). In: Thaut
MH, Hoemberg V, eds. Handbook of neurologic music therapy.
Oxford: Oxford University Press, 2014: 94-105.

Karageorghis Cl, Terry PC, Lane AM, et al. The BASES expert
statement on use of music in exercise. J Sports Sci 2012;30:953-6.
Edwards WH. Motor learning and control: from theory to practice.
Belmont: Wadsworth, 2011.

Audacity®. Version 3.0.0. Audio editor and recorder: audacity
team; 2012 [it is free software distributed under the terms of the
GNU general public license. the name audacity® is a registered
trademark]. n.d. Available: http://audacityteam.org/

Wondrusch C, Schuster-Amft C. A standardized motor imagery
introduction program (MIIP) for neuro-rehabilitation: development
and evaluation. Front Hum Neurosci 2013;7:477.

Dresing T, Pehl T. Interview, Transkription & Analyse: Anleitungen
Und Regelsysteme Fiir Qualitativ Forschende. 8th edn. Marburg:
Eigenverlag, 2018.

Braun V, Clarke V. Using thematic analysis in psychology. Qual Res
Psychol 2006;3:77-101.

Srivastava P, Hopwood N. A practical Iterative framework for
qualitative data analysis. Int J Qual Methods 2009;8:76-84.

Patton MQ. Qualitative evaluation and research methods. 2nd edn.
Thousand Oaks, CA, US: Sage Publications, Inc, 1990:532.
Seebacher B, Kuisma R, Glynn A, et al. Exploring cued and non-
cued motor imagery interventions in people with multiple sclerosis:
a randomised feasibility trial and reliability study. Arch Physiother
2018;8:6.

Carling A, Nilsagard Y, Forsberg A. Balance exercise facilitates
everyday life for people with multiple sclerosis: a qualitative study.
Physiother Res Int 2018;23:e1728.

Richardson EV, Barstow E, Motl RW. Exercise experiences among
persons with multiple sclerosis living in the southeast of the United
States. Disabil Rehabil 2022;44:79-87.

Juslin PN, Liljestrom S, Vastfjall D, et al. An experience sampling
study of emotional reactions to music: listener, music, and situation.
Emotion 2008;8:668-83.

Patel AD. Music, language and the brain. New York: Oxford University

Press, 2008.

Juslin PN. 113Music and emotion: seven questions, seven answers.
In: Music and the mind: essays in honour of John Sloboda [Internet].
Oxford University Press, 2011. Available: https://doi.org/10.1093/
acprof:0sobl/9780199581566.003.0007

Dalstedt S. Musikestetik (Music aesthetics). Uppsala: Department of
Musicology, Uppsala University, 1990.

Seebacher B, et al. BMJ Open 2024;14:e086555. doi:10.1136/bmjopen-2024-086555

11

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibollqig sousby 1e Gzoz ‘L aunr uo jwod fwg uadolway:dny woiy papeojumod 20z AINC TT U0 §55980-4202-uadolwag/oeTT 0T Se paysiignd isiiy :usado (NG


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-5699-9077
http://dx.doi.org/10.1212/WNL.0000000000000768
http://dx.doi.org/10.1001/jama.2020.26858
http://dx.doi.org/10.2165/11591150-000000000-00000
http://dx.doi.org/10.1186/s12883-022-02913-w
http://dx.doi.org/10.1016/j.apmr.2007.07.032
http://dx.doi.org/10.1016/j.apmr.2007.07.032
http://dx.doi.org/10.1016/0028-3932(95)00073-c
http://dx.doi.org/10.1111/j.1600-0838.2010.01101.x
http://dx.doi.org/10.1080/10413200109339004
http://dx.doi.org/10.1080/10413200109339004
http://dx.doi.org/10.1155/2023/3752889
http://dx.doi.org/10.1155/2023/3752889
http://dx.doi.org/10.1186/1741-7015-9-75
http://dx.doi.org/10.1016/j.neuroscience.2011.12.060
http://dx.doi.org/10.1177/1352458516644058
http://dx.doi.org/10.1177/1352458518795332
http://dx.doi.org/10.1186/s40814-015-0021-3
http://dx.doi.org/10.1177/1545968310372139
http://dx.doi.org/10.1177/1545968310372139
https://pubmed.ncbi.nlm.nih.gov/28255373
http://dx.doi.org/10.1177/15459683241260724
http://dx.doi.org/10.1177/15459683241260724
http://dx.doi.org/10.3102/0013189X033007014
http://dx.doi.org/10.1177/1468794106058877
http://dx.doi.org/10.1136/bmjopen-2021-056666
http://dx.doi.org/10.1093/intqhc/mzm042
http://dx.doi.org/10.1002/ana.22366
http://dx.doi.org/10.1002/ana.22366
http://dx.doi.org/10.1212/wnl.33.11.1444
http://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
http://dx.doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://dx.doi.org/10.1002/jac5.1441
http://dx.doi.org/10.1080/02640414.2012.676665
http://audacityteam.org/
http://dx.doi.org/10.3389/fnhum.2013.00477
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1177/160940690900800107
http://dx.doi.org/10.1186/s40945-018-0045-0
http://dx.doi.org/10.1002/pri.1728
http://dx.doi.org/10.1080/09638288.2020.1757767
http://dx.doi.org/10.1037/a0013505
https://doi.org/10.1093/acprof:osobl/9780199581566.003.0007
https://doi.org/10.1093/acprof:osobl/9780199581566.003.0007
http://bmjopen.bmj.com/

46 Teasdale JD. Multi-level theories of cognition-emotion relations. In: 56 Mandolesi L, Passarello N, Lucidi F. Differences in motor imagery
Handbook of cognition and emotion. 1999: 665-81. abilities in active and sedentary individuals: new insights from

47 Juslin PN. From everyday emotions to aesthetic emotions: towards a backward-walking imagination. Psychol Res 2024;88:499-508.
unified theory of musical emotions. Phys Life Rev 2013;10:235-66. 57 Spooren AIF, Timmermans AAA, Seelen HAM. Motor training

48 Juslin PN, Liliestrém S, Vastfjall D, et al. 605How does music evoke programs of arm and hand in patients with MS according
emotions?: exploring the underlying mechanisms. In: Handbook of to different levels of the ICF: a systematic review. BMC Neurol
music and emotion: theory, research, applications. Oxford University 2012:12:49.

49 E;egsesl‘—seog;gr. B, DelLuca J, Hake P, et al. The role of sensory 58 W.Olf R Fc_)lkerts AK, .Z‘m'?“e' R e_t al. Exper_i(_ences of fatigue_d persons
processing difficulties, cognitive impairment, and disease severity in with multiple sclerosis with mlflt'mOde.il aghty-basgd exercise trla|‘r?|ng
predicting functional behavior among patients with multiple sclerosis. and the ReFEx study protocol: a qualitative extension of a feasibility
Disabil Rehabil 2021;43:1129-36. study. BMJ Open 2024;14:e076333. _

50 Giurgola S, Casati C, Stampatori C, et al. Abnormal multisensory 59 Sylvester BD, Standage M, McEwan D, et al. Variety support and
integration in relapsing-remitting multiple sclerosis. Exp Brain Res exercise adherence behavior: experimental and mediating effects. J
2022;240:953-68. Behav Med 2016;39:214-24.

51 Roberts JW, Welsh TN, Wakefield CJ. Examining the equivalence 60 Guillot A, Debarnot U, Monarchi-Comte Y, et al. Questioning the
between imagery and execution — do imagined and executed transfer effect of motor imagery benefits: the neglected variable of
movements code relative environmental features. Behav Brain Res interest. Asian J Sport Exerc Psychol 2022;2:91-8.
2019;370:111951. 61 Christensen ME, Brincks J, Schnieber A, et al. The intention

52 Guillot A, Di Rienzo F, Macintyre T, et al. Imagining is not doing but to exercise and the execution of exercise among persons with
involves specific motor commands: a review of experimental data multiple sclerosis--a qualitative metasynthesis. Disabil Rehabil
related to motor inhibition. Front Hum Neurosci 2012;6:247. 2016:38:1023-33.

53 Seebagher B, Re".‘f" M Kahramaln T. Faqtors and stra.tegies affect.ing 62 Schlagheck ML, Joisten N, Walzik D, et al. Systematic review of
mo_tor imagery ability in peo.ple Y‘”th multiple sclerosis: a systematic exercise studies in persons with multiple sclerosis: exploring the
review. Physiotherapy 2023;118:64-78. quality of interventions according to the principles of exercise

54 Kahraman T, Savci S, Ozdogar AT, et al. Physical, cognitive and - A
psychosocial effects of telerehabilitation-based motor imagery training. Neurol Ther 2021 ’10'585_60_7' . .
training in people with multiple sclerosis: a randomized controlled 63 Hao Z, Zhang X, Chen P. Effects of different exercise therapies on
pilot trial. J Telemed Telecare 2020;26:251-60. balance function and functional walking ability in multiple sclerosis

55 Gaumann S, Gerber RS, Suica Z, et al. A different point of view: disease patients-a network meta-analysis of randomized controlled
the evaluation of motor imagery perspectives in patients with trials. Int J Environ Res Public Health 2022;19:7175.
sensorimotor impairments in a longitudinal study. BMC Neurol 64 Lublin FD. New multiple sclerosis phenotypic classification. Eur
2021;21:297. Neurol 2014;72 Suppl 1:1-5.

12 Seebacher B, et al. BMJ Open 2024;14:¢086555. doi:10.1136/bmjopen-2024-086555

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibollqig sousby 1e Gzoz ‘L aunr uo jwod fwg uadolway:dny woiy papeojumod 20z AINC TT U0 §55980-4202-uadolwag/oeTT 0T Se paysiignd isiiy :usado (NG


http://dx.doi.org/10.1016/j.plrev.2013.05.008
http://dx.doi.org/10.1080/09638288.2019.1653998
http://dx.doi.org/10.1007/s00221-022-06310-0
http://dx.doi.org/10.1016/j.bbr.2019.111951
http://dx.doi.org/10.3389/fnhum.2012.00247
http://dx.doi.org/10.1016/j.physio.2022.09.005
http://dx.doi.org/10.1177/1357633X18822355
http://dx.doi.org/10.1186/s12883-021-02266-w
http://dx.doi.org/10.1007/s00426-023-01876-y
http://dx.doi.org/10.1186/1471-2377-12-49
http://dx.doi.org/10.1136/bmjopen-2023-076333
http://dx.doi.org/10.1007/s10865-015-9688-4
http://dx.doi.org/10.1007/s10865-015-9688-4
http://dx.doi.org/10.1016/j.ajsep.2022.08.001
http://dx.doi.org/10.3109/09638288.2015.1091859
http://dx.doi.org/10.1007/s40120-021-00274-z
http://dx.doi.org/10.3390/ijerph19127175
http://dx.doi.org/10.1159/000367614
http://dx.doi.org/10.1159/000367614
http://bmjopen.bmj.com/

	Actual and imagined music-­cued gait training for people with multiple sclerosis: a multicentre qualitative study
	Abstract
	Introduction﻿﻿
	Methods
	Design and setting
	Participant selection
	Data collection
	Intervention
	Data analysis
	Patient and public involvement

	Results
	Participant characteristics
	Overview of themes
	Empowerment
	Remaining in sync
	Interconnection between imagined and actual walking
	Sustaining focus
	Real-world transfer

	Discussion
	References


