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Abstract

Objective

This qualitative study explored healthcare providers’ perceptions and attitudes regarding
the use of organ pedalboards as a rehabilitation tool, particularly for lower extremity condi-
tions. The study also sought to identify the perceived barriers and facilitators to adopting
organ pedalboards within rehabilitation settings, as well as gather healthcare providers’ rec-
ommendations for integrating this tool into clinical practice.

Method

Healthcare providers, including physiotherapists, occupational therapists, music therapists,
and sports therapists, were recruited for focus group interviews using purposive and snow-
ball sampling. At the outset of the interview, participants watched an organist playing musi-
cal notes on a pedalboard and had the opportunity to try on the pedalboard. A researcher
then modulated the group discussion with the organist and asked questions following a
semi-structured interview guide. The guided questions concern the perceptions of using
organ pedal training for patients, as well as participants’ attitudes and perceived barriers
towards it. Verbatim transcription and content analysis were performed on qualitative data.

Findings

Seventeen healthcare providers were interviewed in four focus groups. Healthcare provid-
ers perceive music as a motivator in rehabilitation, aiding in natural movement through
rhythm and beats. Music intervention, particularly training on the pedalboard, is seen as
beneficial for lower extremity rehabilitation, improving range of motion, balance, and coordi-
nation. It also offers cognitive benefits and enhances patient engagement and psychosocial
well-being. Its safety concerns were addressed and discussed.
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Conclusion

Our study is the first to explore the feasibility of using a pedalboard as a rehabilitation tool.
Healthcare providers identify the circumstances and potential therapeutic benefits of the
use of organ pedal training in the management of lower extremity problems. This will assist
in the development of a lower extremity training protocol that can accommodate all the phys-
iological hip, knee, ankle, and foot movements in the future.

Introduction

The therapeutic impact of music on health and well-being has gained significant attention in
contemporary research. Music has been shown to divert individuals from unpleasant experi-
ences and facilitate physical movement, social interaction, and communication [1]. Positive
music experiences have been associated with increased emotional well-being and dopamine
activity in the brain, leading to reduced anxiety, worries, and agitation [2]. Additionally,
music’s influence on the sympathetic systems of the autonomic nervous system has physiologi-
cal effects, including modulation of heart rate variability, reduction in heart rate and blood
pressure, and enhancement of immune system function [3-6].

In rehabilitation, music intervention has become a vital component, extending beyond tra-
ditional therapy. It involves the strategic use of musical elements, integrated with standard
exercises and treatments [2, 7, 8]. The therapeutic effects of music-based interventions have
been extensively studied, particularly in relation to neurorehabilitation, where such interven-
tions have demonstrated efficacy in improving motor and cognitive functions [9, 10]. Our
focus on lower extremity conditions arises from the observation that rehabilitation of these
conditions, such as stroke-related gait impairments, often necessitates interventions that are
both motivating and conducive to sustained engagement. While lower extremity conditions
encompass a wide range of impairments, including those affecting balance, gait, and overall
mobility [11], this diversity underscores the need for innovative and versatile rehabilitation
tools capable of addressing various challenges within this category. Music-based interventions,
particularly those that incorporate rhythm and movement coordination, have shown promise
in enhancing rehabilitation outcomes for these impairments, making them a compelling area
for further research [12-14].

Several studies supported the role of music intervention in lower limb rehabilitation. For
instance, a randomized controlled trial demonstrated that music intervention coupled with
rehabilitation exercises significantly alleviated pain and improved mobility and gait in children
with lower limb burns [15]. Another study [16] investigated the effects of self-selected versus
motivational music on muscle endurance and affective state in middle-aged adults. The study
employed a within-subject design where 26 healthy middle-aged males (average age 50.8+8.4
years) performed maximal and endurance isometric strength tests under three different condi-
tions: self-selected music (SSM), motivational music (MM), and a control condition (CC) with
no music. The results showed that mean force during the isometric endurance test was signifi-
cantly higher in the SSM condition (507.3£132.2 N) compared to both MM (476.3£122.4 N,
p<0.01) and CC (484.6+119.2 N, p = 0.03). Additionally, participants reported a higher Felt
Arousal Scale (FAS) score and Feeling Scale (FS) in the SSM condition, indicating a more posi-
tive affective state. These findings suggest that self-selected music can enhance muscle endur-
ance and positively influence mood during strength exercises in middle-aged adults. These
findings underscore the potential of music intervention to divert attention from discomfort

PLOS ONE | https://doi.org/10.1371/journal.pone.0314147 December 19, 2024 2/22


https://doi.org/10.1371/journal.pone.0314147

PLOS ONE

Organ pedalboard as a rehabilitation tool

and reduce perceived exertion levels. For instance, Magill-Levreault [17] highlighted the role
of music therapy in pain management, where it was shown to decrease pain perception by
altering affective and cognitive processes. Similarly, Mohammadzadeh et al. [18] found that
music significantly reduced the rate of perceived exertion (RPE) during progressive exercise,
especially among untrained individuals, while Potteiger et al. [19] demonstrated that various
types of music, including self-selected music, were associated with lower RPE during moder-
ate-intensity exercise. These studies collectively highlight the prospective utility of music in
rehabilitation settings, where managing discomfort and perceived exertion is crucial.

Amid the growing use of musical instruments in rehabilitation interventions, this study
explored a novel area: the use of organ pedal training for lower extremity rehabilitation. Evi-
dence supporting the use of organ pedaling as an effective intervention for lower extremity
rehabilitation comes from various domains where music and movement are integrated into
therapeutic practices. Organ pedal training, which involves coordinated lower limb move-
ments similar to those required in other rhythmic and music-based therapies, has shown
promise in enhancing motor functions and overall rehabilitation outcomes. For instance,
music therapy has been widely recognized for its positive impact on motor recovery in neuro-
logical conditions such as stroke and Parkinson’s disease, where rhythmic auditory stimulation
significantly improves gait and mobility [20, 21]. This suggests that the rhythmic and repetitive
nature of organ pedaling could similarly benefit lower extremity rehabilitation. Moreover, the
physical demands placed on organists, who frequently engage in complex foot movements, are
comparable to those seen in athletic training. This has led to observations that organists
develop enhanced lower limb strength, endurance, and coordination, further supporting the
potential of organ pedalboard as a rehabilitation tool [22]. Additionally, music’s ability to serve
as a motivator during physical activity, reducing perceived exertion and increasing endurance,
has been well-documented in exercise settings [18, 19]. These findings are indicative of the
broader applicability of music-integrated physical exercises in promoting lower limb func-
tions. Although direct studies on organ pedaling are limited, the extrapolation from related
music and movement therapies strongly supports its potential effectiveness in treating lower
extremity conditions. The unique combination of rhythmic movement and cognitive engage-
ment in organ pedaling makes it a promising area for further research and application in reha-
bilitation settings.

The selection of the organ pedalboard as a rehabilitation tool is grounded in its unique abil-
ity to engage the lower extremities in a musically and rhythmically structured environment.
Unlike many other musical instruments, the organ pedalboard requires precise, coordinated
foot movements to produce sound, thereby directly targeting motor control and coordination
in the lower limbs [23]. This makes it particularly well-suited for rehabilitation applications.
The repetitive, goal-oriented nature can improve functional outcomes through tasks that
mimic daily activities. Despite limited research in this specific domain and the recognized
need for more musical interventions for lower extremity rehabilitation, organ pedal training
holds potential as a non-invasive and possibly beneficial approach.

To explore the therapeutic potential of organ pedaling for lower extremity rehabilitation,
this study retrospectively applied the Biopsychosocial Model [24] as a guiding conceptual
framework. The Biopsychosocial Model proposed by Engel (1977) posits that health outcomes
result from the intricate interplay between biological, psychological, and social factors. This
framework is particularly apt for understanding how organ pedaling might influence lower
extremity conditions, as it addresses not only the physical rehabilitation of muscles and joints
but also the psychological and social dimensions of recovery. From a biological perspective,
organ pedaling engages multiple lower limb muscle groups, promoting range of motion, flexi-
bility, and strength, which are critical for rehabilitation [20]. Psychologically, the rhythmic and

PLOS ONE | https://doi.org/10.1371/journal.pone.0314147 December 19, 2024 3/22


https://doi.org/10.1371/journal.pone.0314147

PLOS ONE

Organ pedalboard as a rehabilitation tool

musical nature of pedaling can enhance patient motivation and adherence to rehabilitation
protocols by reducing the perception of effort and increasing overall engagement [19]. Socially,
the use of music-based interventions such as organ pedaling may facilitate social interaction,
improving the overall well-being of patients through shared musical experiences [25]. By
incorporating the biopsychosocial model, this study aims to provide a comprehensive under-
standing of the potential benefits of organ pedaling for lower extremity rehabilitation. This
framework guides the research process, ensuring that the investigation remains focused on the
interconnected biological, psychological, and social factors that contribute to successful reha-
bilitation outcomes.

Method
Design

This qualitative study employed focus group interviews to explore healthcare providers’ per-
ceptions of using organ pedalboards as a rehabilitation tool for lower extremity conditions.
The decision to use focus group interviews was intentional, as this method allows participants
to interact, build on each other ’s ideas, and generate deeper insights through group dynamics.
Furthermore, the focus groups were designed to include healthcare providers from different
disciplines, such as physiotherapists, occupational therapists, music therapists, and sports
trainers. This interdisciplinary composition was a deliberate choice, as it was expected to foster
diverse perspectives and encourage cross-disciplinary dialogue, yielding a richer understand-
ing of the potential benefits and challenges of integrating organ pedalboard into rehabilitation
practice. By bringing together professionals with varied expertise and backgrounds, the inter-
disciplinary focus group discussions were anticipated to uncover nuanced insights that may
not have emerged from individual interviews or a more homogeneous group, stimulating new
ideas, challenging assumptions, and providing a comprehensive exploration of the topic from
multiple perspectives.

This study was conducted and reported according to the consolidated criteria for reporting
qualitative research (COREQ) checklist for qualitative research (S1 File) [26].

Participants and sampling

Purposive and snowball sampling were employed to recruit healthcare providers from four
disciplines—physiotherapists, occupational therapists, music therapists, and sports trainers—
until data saturation reached [27]. To address the broad concept of "lower extremity condi-
tions" and achieve data saturation, we continued sampling until no new themes emerged from
the interviews. This was monitored closely through ongoing data analysis and was confirmed
when subsequent interviews added no new significant insights.

Participants had to be currently practicing full- or part-time at hospitals, non-governmental
organizations, or in private practice. No prior experience with organ pedalboards was required
for participation, as the primary focus was on exploring perceptions and potential applications
of organ pedal training rather than assessing technical proficiency. Those unable to communi-
cate in either Chinese or English were excluded. Potential participants were approached in
September and October 2023 through telephone or email by the lead researcher, MK. Few par-
ticipants knew MK personally, a female research associate (registered nurse; MA in psychology
in music) prior to the research. The study aims and procedure and the experience and interest
of the research team were introduced to all participants. All participants gave written informed
consent prior to inclusion. The consent process detailed the study’s aims, procedures, potential
risks, and benefits. Participants were also advised of their right to withdraw at any time with-
out repercussions.
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The rationale for selecting physiotherapists, occupational therapists, music therapists, and
sports trainers as participants in this study is well-justified, as these healthcare professionals
play complementary roles in the rehabilitation process, each bringing unique expertise that
can provide valuable insights into the potential applications of the organ pedal intervention.
Physiotherapists specialize in restoring physical function and mobility; occupational therapists
focus on enabling individuals to participate in meaningful daily activities; music therapists uti-
lize the therapeutic potential of music to address a wide range of needs; and sports trainers
optimize physical performance and prevent sports-related injuries. This multidisciplinary
approach ensures that the intervention is assessed from diverse professional perspectives,
thereby enhancing the validity and applicability of the findings in both clinical and community
settings.

Ethics approval

Ethical approval was obtained from The Hong Kong Polytechnic University’s research ethics
committee prior to patient recruitment (ref. no.: HSEARS20230912002).

Data collection

Focus group interviews were conducted with 4-6 participants per group at a university venue
in Hong Kong. Each focus group session lasted approximately 1 hour and 15 minutes and fol-
lowed a structured flow. The session began with a 5-minute demonstration of the organ pedal-
board by a professional concert organist, EF, followed by a 10-minute period where
participants had the opportunity to personally try out the instrument. The majority of the ses-
sion, spanning 50-60 minutes, was then dedicated to a semi-structured discussion guided by
open-ended questions. This discussion-focused portion allowed the researchers to thoroughly
explore the participants’ perceptions, attitudes, and perceived barriers to using the organ ped-
alboard in rehabilitation settings. The semi-structured approach provided flexibility to probe
deeper into relevant topics as they arose.

Semi-structured interviews were conducted by the lead researcher, MK, who has experience
in conducting qualitative research in rehabilitation, using open-ended questions developed by
the research team. MK facilitated focus group discussions with EF, who clarified organ-specific
inquiries. MK asked follow-up questions to prompt responses and seek clarification from par-
ticipants. All interviews were audio-recorded with written consent. No repeat interviews were
carried out. Brief notes were made during interviews.

The interview questions were guided by the Biopsychosocial Model, which provided a con-
ceptual framework for understanding organ pedal training’s potential benefits. This model
helped structure the inquiry into how physical, psychological, and social factors might influ-
ence the effectiveness of the intervention. The questions were designed to comprehensively
explore these dimensions, keeping the discussion focused and relevant to the study’s objectives
(see S2 File). The interview guide was not pilot tested.

Organ pedalboard description

A standard 32-key radiating concave American Guild of Organists-approved pedalboard was
demonstrated. The organ pedalboard used in this study spanned a range from C2 to G4,
encompassing 32 musical notes on a standard organ. The lowest note was C2, while the highest
reached G4, covering approximately two and a half octaves. This extensive range enabled a
variety of foot movements and exercises targeting diverse muscle groups in the lower
extremities.
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The pedalboard was equipped with a MIDI (Musical Instrument Digital Interface) function,
a standard technology that allows electronic musical instruments, computers, and other equip-
ment to communicate and synchronize with each other. In this study, the MIDI function con-
nected the pedalboard to a laptop and an external sound module, enabling it to produce
sounds through speakers that mimicked a traditional pipe organ. This feature was crucial in
facilitating a realistic musical experience during the rehabilitation exercises. Fig 1 presents the
modified pedalboard used in this study.

Data analysis

An inductive content analysis approach was used to analyse the qualitative data. The inductive
approach was employed due to the absence of prior knowledge about the organ pedal training
method. This approach could lead to the generation of new concepts and information through
data analysis [28, 29].

The analysis process was guided by the Framework Method, a systematic approach that
involves identifying similarities and differences in qualitative data and allowing data analyses
within and between participants [30, 31]. The seven analytical stages of the Framework
Method include (1) transcription, (2) familiarization, (3) coding, (4) development of a working
analytical framework, (5) indexing, (6) charting, and (7) interpretation [30].

First, one of the researchers (MK) transcribed all interviews verbatim. The transcripts were
not returned to the participants for comments and/or corrections. Then, MK and co-
researcher WK (PhD), a male research fellow experienced in qualitative research, indepen-
dently familiarized themselves with the data through repeated readings, noting initial impres-
sions. Then, they independently applied open codes, line-by-line, before categorizing them
using a jointly developed tree diagram. Subsequently, each code and category were indexed as
an abbreviation. Nvivo software version 12 was used for stages three to five. Then, the data was
reduced and imported into a matrix on an Excel spreadsheet. Each participant was assigned to
one row, and each code was placed in a column. Lastly, themes were generated by comparing
the similarities and differences between the data on the matrix and interpreted by establishing
connections to the data. The participants did not provide feedback on the findings.

Peer checking was employed in this study to enhance the rigor and credibility of the
research findings. The researchers MK and WK, both with substantial experience in qualitative
research, independently analyzed the data. They engaged in regular discussions throughout
the analysis process to compare their interpretations, resolve discrepancies, and refine the cod-
ing framework. These peer checking sessions helped ensure that the findings were robust, con-
sistent, and free from individual bias. Additionally, the co-researcher (FA) provided critical
teedback on the themes and interpretations, contributing to the overall trustworthiness of the
study.

Reflexivity

The research team, led by MK, who has a background in nursing with a Master’s degree in psy-
chology of music, was deeply aware of how personal experiences and professional background
could influence the research process. The team consciously reflected on their assumptions
about the use of music and organ pedalboards in rehabilitation. Recognizing that their profes-
sional backgrounds could predispose them to view these interventions positively, the research-
ers employed strategies such as peer checking and collaborative data analysis to challenge their
interpretations and ensure a more balanced analysis. This reflexive approach contributed to a
deeper understanding of how the researchers’ perspectives might have shaped the study’s
design, data collection, and analysis. By acknowledging these influences, the research team
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Fig 1. The modified pedalboard with a MIDI function.

https://doi.org/10.1371/journal.pone.0314147.9001
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enhanced the study’s transparency, thereby increasing the credibility and reliability of the
findings.

Reflexivity was integral to the ethical conduct of this research, as it helped minimize power
dynamics and ensure the participants’ voices were accurately represented, leading to balanced
and objective conclusions. Given that some participants were personally acquainted with the
lead researcher (MK), particular measures were employed to minimize potential bias. All par-
ticipants were explicitly informed of the study’s objectives and the distinct role of MK as a
facilitator, separate from any personal connection. Participants were encouraged to provide
honest and candid feedback, independent of their relationship with MK. Additionally, trans-
parency was reinforced by emphasizing the structured nature of the interview process, which
strictly adhered to the interview guide developed by the research team. During the interviews,
MK maintained a neutral stance and carefully managed her influence to minimize bias.

Findings

A total of 17 healthcare providers who agreed to participate in the study attended one of the
four focus groups. No participant was dropped out. The focus groups were composed as fol-
lows: three groups included one music therapist, one occupational therapist, one physiothera-
pist, and one sports trainer. One group included two occupational therapists in addition to the
other three disciplines, resulting in a total of 17 participants. This composition ensured the
representation of a variety of perspectives from different healthcare disciplines were
represented.

Nine participants were males. The median age of participants was 32.5 years, with an inter-
quartile range (IQR) of 21 (50-29) years, indicating a relatively broad age distribution. Simi-
larly, the median years of professional practice were 5 years, with an IQR of 6.5 (9.5-3) years.
This distribution suggests a diverse range of experience levels among participants, with both
early-career and more experienced professionals represented.

Most participants (n = 15, 88.2%) held a Master’s degree or higher level of education. The
majority of the participants (70%, n = 12) were employed full-time across a variety of health-
care settings, including hospitals (n = 6), elderly care homes (n = 6), private clinics (n = 2), and
other facilities (n = 3). The participants primarily served older adult (n = 10), adult (n = 5),
and paediatric (n = 2) patient populations. Table 1 presents the demographic characteristics of
the focus group participants.

The analysis of the focus group data revealed three higher-order themes that provide a
structured framework to better categorize and clarify the sub-themes that emerged. These
higher-order themes enhance the readability and understanding of the research findings.

The first higher-order theme is "The Multifaceted Role of Music in Rehabilitation," which
encapsulates the overarching influence of music within the rehabilitation context. It includes
sub-themes that explore the role of music as a key motivator, encouraging sustained patient
engagement and natural movement. Additionally, this theme examines how the organ pedal-
board is perceived not only as a therapeutic tool but also as a musical instrument, making the
rehabilitation process more engaging and less clinical for patients.

The second higher-order theme is "Benefits of Organ Pedalboard," which brings together
various benefits of using the organ pedalboard in rehabilitation. Sub-themes under this cate-
gory include physical benefits, such as improvements in range of motion, flexibility, balance,
and coordination; cognitive benefits, including enhancements in memory, attention, and cog-
nitive processing; as well as the psychosocial benefits, where the pedalboard boosts patient
confidence, provides a sense of accomplishment, and facilitates social interaction.
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Table 1. Demographic characteristics of the participants (N = 17).

Participant
Code

MTO01
MTO02
MTO03
MTo04
OTo1

0T02

0T03

0To04

O0T05

PTO1
PT02
PT03
PT04
STO1

ST02

STO03
ST04

Discipline

music therapist
music therapist
music therapist
music therapist

occupational
therapist

occupational
therapist

occupational
therapist

occupational
therapist

occupational
therapist

physiotherapist
physiotherapist
physiotherapist
physiotherapist

sports trainer
sports trainer

sports trainer

sports trainer

Job Status | Age | Gender | Education

Part-time
Full-time
Full-time
Full-time

Full-time

Full-time

Full-time

Part-time

Part-time

Full-time
Part-time
Full-time
Full-time

Full-time

Full-time

Part-time

Full-time

https://doi.org/10.1371/journal.pone.0314147.t001

54
34
55
34
30

34

28

| m | |m |

=

SEmIElRIR] ™

=

=

Master’s
Master’s
Doctoral
Master’s

Master’s
Master’s
Bachelor’s
Master’s
Master’s

Master’s
Master’s
Master’s
Doctoral

Master’s

Sub-
degree

Master’s

Master’s

Year of Practice | Work setting

4.5
20
10

6.5

55

39
0.5
28

elderly home
elderly home
private clinic

elderly home

hospital (inpatient)

elderly home
hospital
hospital
hospital

hospital
elderly home
home care
hospital

on-field support
(sports)

school

elderly home

private clinic

Population of Patients | Focus group

older adults
older adults
older adults
older adults

older adults

older adults

children

adults

older adults

older adults

older adults

older adults
adults
adults

children

adults
adults

W N |

— s W N =

The third higher-order theme is "Modifications of Organ Pedalboard," which addresses
the logistical and safety aspects of incorporating the organ pedalboard into rehabilitation set-
tings. This theme includes sub-themes that discuss the unique requirements and adaptations
necessary for effective use of the pedalboard across different patient populations, the impor-
tance of safety features and modifications to prevent injury, and the need for programming
and customization to make the pedalboard a more accessible and effective tool for rehabilita-
tion settings.

Theme 1: The Multifaceted Role of Music in Rehabilitation

Sub-theme 1.1: Music facilitates rehabilitation. Participants viewed music as motivating
for patients during rehabilitation activities. It allows patients to move naturally by following
the inherent musical beats and rhythms. Incorporating music into rehabilitation may encour-
age patients to engage for sustained periods of time. As one occupational therapist noted:

“As PT and OT, we focus on physical and cognitive functions; both domains require prolonged
training time to achieve training outcomes. It (music) has the potential to encourage the
patients to persist in the rehabilitation training.”

(0T04)

The healthcare providers discussed neurophysiological mechanisms by which music stimu-
lates the brain and triggers responses facilitating physical and cognitive rehabilitation. A music
therapist explained:
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“As a neurologic music therapist, we often treat patients with neurologic injuries, often stroke
and Parkinson’s patients. Our brain has an uncontrollable physiological reaction to music;
important thing is how we can maximise this reaction to help the rehabilitation process, no
matter whether physical or speech.”

(MT04)

Participants also selected music purposefully for rehabilitation sessions based on target pop-
ulations and occasions. Familiar music from a patient’s generation or related to cultural festi-
vals was believed to evoke memories and associations. As one occupational therapist
described:

“We will play old songs of their generation. Perhaps discuss with them their past memories to
stimulate their memory. Or when playing some games related to festivals, for example, Chi-
nese New Year, New Year-related songs will be played to stimulate their memories.”

(012)

Sub-theme 1.2: Detaching patient roles through music rehabilitation. If an organ ped-
alboard is served as a rehabilitation tool, patients may perceive it as a musical instrument
rather than a traditional treatment method. Engaging in training on the organ pedalboard
allows patients to view their participation as a music activity, which may help them distance
themselves from the awareness of their illness and reduce the perception of returning for reha-
bilitation treatments.

“I think music can facilitate the participation of the participants. And they may not think that
they are coming for treatment or training. That is, having a feeling of participating in music
activities, playing instruments, singing, or different music activities, their participation or feel-
ing is better.”

(MT03)

“They won't feel they only come for treatment; they remember the illness, remember the pain.
When they listen to music, they may be more comfortable. Or when they listen to familiar
music, for example, when the elderly listen to some old songs, they may have better motivation.”

(ST03)
Compared to conventional lower limb rehabilitation interventions, training with the organ

pedalboard may offer an alternative and potentially more engaging approach. This can miti-
gate the boredom that some patients may experience during traditional rehabilitation.

“I think if the patient is bored when receiving conventional rehab, incorporating musical ele-
ments could make the activity more interesting.”

(ST04)

Theme 2: Benefits of Organ Pedalboard

Sub-theme 2.1: The organ pedalboard as a physical rehabilitation tool. Healthcare pro-
viders who have participated in this study and experienced playing on the organ pedalboard
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perceive it as an effective tool for training various aspects of physical rehabilitation, including
range of motion, flexibility, balance, and coordination. They identified a wide range of move-
ments that can be performed on the pedalboard involving hip flexion/extension, adduction/
abduction, internal/external rotation, knee flexion/extension, dorsiflexion, and plantar flexion.

“First is mobility range of motion; they will perform a lot of movements like hip flexion, exten-
sion, adduction/abduction, external rotation, internal rotation, and knee flexion/extension.
And ankle dorsiflexion and plantar flexion as well. When these movements are performed
repetitively, it is more than just mobility training but also strength and endurance training
and core muscles. I have just tried, and when I hold it (the bench), the legs are only moving. If
I am not holding it (the bench) or holding one side only, it utilizes a lot of core (muscles).
When it is played repetitively, the waist is quite tiring. So, it is training the core stability, and
coordination, and as said, it can be agility training if performing the movement quickly.”

(PTO1)

“I think it could improve mobility, flexibility, and balance, but it won’t have a significant
impact on muscle strength since it would require resistance. I think I can improve my
balance.”

(0T05)

However, agility, strength, and cardiovascular endurance components can be trained on
the pedalboard as well when adapting training elements. For example, agility and cardiovascu-
lar endurance can be trained if the training intensity and dosage are increased. Patients’
strength and power can be trained by using resistance bands and weights.

“Based on my experience when playing on the pedalboard, I would say it could have an effect
on mobility, flexibility, and strength could also be possible, but not on a cardiovascular level.
Perhaps it benefits the cardiovascular system if you train the patients very quickly.”

(PT04)

“I think resistance bands could be added to the exercise so that other movements could also be
trained, such as dorsiflexion/plantar flexion and abduction/adduction, but not only ‘air resis-
tance’ (no resistance).”

(ST04)

“For endurance, it can be trained as well. For example, if you ask the patient to step from right
to left and left to right 10 times, it may be tiring for the elderly. It depends on how the (train-
ing) program is set. For power, if you want to train their legs, will you hang a sandbag (on the
calf)? These variations, small elements, in answering your questions about how it can influ-
ence health.”

(ST03)

Healthcare providers also considered alternative movements that patients may naturally
adopt to compensate for certain limitations. For instance, patients may use plantar movements
instead of engaging their hips fully when stepping on the keys. To target specific movements,
such as hip abduction or adduction, it is reccommended to introduce obstacles between the
keys to encourage the desired motions.
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“Actually, as we said, some movements are targeting the hip; it depends on whether they will
actively move up the hip to do so. If I think from the perspective of patients, if I ask you to step
keys from the left to the right, I will not follow your instruction of moving up the hip to step
the keys one by one. Unless you add some obstacles between keys requiring them to cross over
them, they will intentionally move up the hip. If I am patient, I can step on the key next to it
without moving the hip up. So, this is the effects whether it can target the hip.”

(ST03)

Sub-theme 2.2: The organ pedalboard as a cognitive rehabilitation tool. In addition to
the physical benefits, healthcare providers also discussed the potential of using organ pedal-
boards as a cognitive training tool for various patient groups. Learning to step on specific keys
requires attention and engages cognitive processes such as sequential and visual memory.

“I think it is easier to adapt (pedal training) to them (elderly). And as said, training following
the orders can help to train memory, sequential memory, etc.”

(0T02)

“I believe the demand for cognitive functioning could be high. They have to read instructions;
perhaps it can be facilitated by programming. The good side is they can be trained on sequenc-
ing, visual memory, short-term memory, working memory, etc., or attention, etc. for children
to stroke patients to elderly; it is helpful.”

(0T03)

Pedal training can be particularly beneficial for children with attention deficit hyperactive
disorders (ADHD) and mental retardation (MR). When the training is programmed to meet
such needs, MR children can benefit from memory training, whereas impulse control can be
enhanced in ADHD children.

“Give you an example: ADHD children are very impulsive. Maybe you have to say that if
there is a bubble popping out, they step on the keys when the bubble moves to a certain posi-
tion. This requires reactive inhibition. They have to wait for a while and step on the pedal
until the bubble moves to the designated position. For MR children, mental retard children,
they have poor memory; their visual memory is very poor. Say, red, yellow, blue—they have to
remember. disappear. They have to step in red, yellow, and blue. It can train working memory
a lot and help them a lot. Music or pedal becomes the medium, but not for lower extremities
specifically.”

(0T03)

Sub-theme 2.3: The organ pedalboard as a psychosocial tool. Beyond physical and cog-
nitive benefits, the organ pedalboard can also serve as a valuable psychosocial tool. Patients
with upper-limb mobility problems can use the pedalboard to create music using their feet,
providing them with a sense of accomplishment and boosting their confidence.

For patients who are unable to play the piano due to hand injuries, the pedalboard offers an
alternative means of musical expression. By transferring their skills to their feet, they can
regain a sense of confidence and achievement. This unique use of the pedalboard can have a
positive impact on their psychological well-being.
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“The pedalboard could also be used not only for clients with lower extremity problems but
also for those with upper extremity problems. The patient might be a pianist; he can transfer
the skill to playing with feet. I think organ pedalboards are uncommon in the musician’s
world. So, when a patient with upper extremity problems could complete tasks with lower
limbs, they will have a better quality of life and psychological health from a sense of achieve-
ment, building up confidence, and identity reassurance.”

(MT04)

The pedalboard facilitates social participation and engagement. Patients can engage in reha-
bilitation activities on the pedalboard with their caregivers or family members. They can work
on the movements together and create music collaboratively. This not only strengthens their
social relationships but also enhances their overall quality of life.

“Another method I want to explore is using the pedalboard together in couples; for example, if
either one has a stroke or spinal cord injury, they could complete the tasks together, which can
improve their relationship, thereby improving the quality of life.”

(ST04)

Nevertheless, it is important to note that the effectiveness of the pedalboard as a psychoso-
cial tool may be influenced by individual preferences and sensitivities to music. The sound
produced from the pedalboard may be ‘noise’ for them, leading to frustration.

“There might be two sides that the pedal exercise might have on one’s psychological health or
quality of life. As MT (MT04) said, if the patient likes music, the effect should be positive, like
a sense of accomplishment; however, if the patient is not sensitive to music, then it could lead
them to frustration by not being able to complete the tasks.”

(ST04)

Theme 3: Modifications of Organ Pedalboard

Sub-theme 3.1: Special circumstances in using the organ pedalboard. Pedal training
can be effectively used during the post-surgery acute phase, even when patients are under ban-
dage or have undergone internal fixation. By having patients seated on a bench, training
enables early mobilisation of the lower limb or other body parts that are not involved in the
surgery. This encourages active movements, reduces swelling, and promotes recovery.

“This could also help patients who have just received surgery and are recovering in an acute
stage. Usually, the patient has to be immobilized for a period of time after surgery. But in the
acute phase, we want to encourage them to engage in active movements to reduce swelling. It
can be used in the early stages to help them develop active movement. Often, they are afraid to
move body parts after surgery; say, even after ankle surgery, they are afraid to move the hip and
knee. Pedal training can be used on body parts that are not involved in injury or surgery. They
can still exercise the joints when bandaging or having internal fixation in the acute phase.”

(0T04)

Interestingly, a healthcare provider suggested a unique approach by placing the pedalboard
vertically or hanging it on the wall. This allows patients who are seated in wheelchairs to enjoy
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playing music using their hands. Additionally, the pedalboard can also be played while stand-
ing, maximizing upper arm range and movements.

“They don’t have to sit on this bench. And I think, if hung (on a wall) for the upper limbs, the
effectiveness may be even greater than stepping with feet. The upper limb can be trained when
seated or standing. And the range of movement for the hands is better than that of the hip.
Different things can be played. It is different from your initial thought. Because you originally
were targeting the feet.”

(PT02)

Sub-theme 3.2: Ensuring safety when using the organ pedalboard as a rehabilitation
tool. Healthcare providers emphasized the importance of implementing safety measures
when using the pedalboard for rehabilitation purposes. The current organ bench design is not
optimal for rehabilitation use, so it is recommended to adjust the chair height and position to
fit the patient’s ergonomics. Additionally, a rotational chair with handrails and a footstep can
be considered to facilitate the transfer of weaker patients to the instrument for rehabilitation

exercises.

“This can be solved if the bench first has a handrail. Secondly, it can be rotated. Rotate it to
the side so the patient can sit on it and then rotate it back to the position to play the pedal-
board that serves the function (purpose).”

(PT02)

“Back support, straps, handle—if the patient needs to receive these exercises, it means their
balance is very weak. And when without back support, moving up the legs to reach out keys
requires high trunk stability. . . And the strap prevents them from slipping down. Make sure
these must be done. Also, regarding safety, get on and off the seat. The patient may not be able
to get on (the seat) themselves. Maybe a rotational seat? A step or an inclined platform to
reach the seat? These have to be sorted out.”

(PT04)

Healthcare providers expressed concerns about the level of supervision and manpower
required when prescribing pedal exercises to their patients. However, they stated that if arm-
rests, back support, and a seatbelt or pelvic belt are added to prevent patients from slipping
from the chair, they would be confident in allowing patients to practice the movements on the
pedalboard independently.

“If patients’ trunk support is weak, can a back support be added? If they cannot sit stable, can
they add a seat belt? Add a handrail at the side. I suppose patients who use it may be those
who are more capable. But if what I suggested can be added, those who are less capable can
move their legs and enjoy the fun of music as well.”

(0T01)

“As said, regarding the balancing problem, if one is seated without a backrest, from the thera-
pist’s perspective, we are not confident enough to let them. . . It turns out it’s a safety issue. If
there is backrest and they have suboptimal balance, we are confident to let them sit on it to
press and step (the pedalboard).”
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(ST03)

“Use some methods, e.g., a monitor, and follow the monitor to do movements—this kind of
method. The level of supervision and assistance can be lowered. That is, fasten a seat belt and
let them sit on it stably; they can do it themselves.”

(PT02)

Sub-theme 3.3: Programming the organ pedalboard to serve as a rehabilitation tool.

One of the featured elements of the organ pedalboard is music. While organists read sheet
music, patients and healthcare providers who are not musicians need a simple cueing system
to guide the rehabilitation movements in creating music. By implementing relevant program-
ming, the organ pedalboard can become a feasible tool for rehabilitation training.

Some healthcare providers suggested programming the lighting on the pedal keys. Patients
can step on the designated keys when the light is flashing. Or else, using numbers and colours
as cues instead of reading musical notations.

“For those who have little musical knowledge or are not playing this instrument, some things
can be added. Perhaps add light bulbs to step on it when it is lit. This makes the pedal a tool
that can be used wider and broader.”

(§T01)

“You have to think about whether it can be used by all rehabilitation workers. If you want to
involve music, there should be some music resources. How you design it so it can be used by
rehabilitation workers who do not know music, such as numbering, colouring, but not a score.
You should have a wide variety of repertoire.”

(MT04).

Nevertheless, a music therapist suggested retaining the option of music scores for those

experienced musicians.

“I think both are needed. Some participants do not know music, they want to follow the song,
colour, this kind. For those who have music experience, they can read the score to play songs
themselves.”

(MT03)

Healthcare providers suggested signal cues on a screen monitor. Patients could follow the

instructions displayed on the screen to perform the corresponding movements.

“The problem is how to cue the patients to follow your movements. Have you ever considered
using a screen monitor to display, use the light signal, or step on the one that is lighting? These
adaptations have to be made. If they sit on it but don’t know how to play, the training becomes
non-constructive. The best is that they can follow your instructions. And think of how you can
make them follow.”

(PT02)

Furthermore, the selection of songs and sounds should be programmed to cater to the

diverse needs and abilities of the patients. Patients may listen to a soundtrack and perform
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simple movements on the pedalboard. Both the sound and the patient’s playing can be pro-
grammed so that they can listen through earphones, avoiding disturbances for other patients
in the rehabilitation setting.

“Or the patients can participate by playing a few notes in sync with the beat of a song. The
music library can be modified; programming for drum sound. Not sure if the patients know
this is a pipe organ. They may want to listen to organ sounds. This will be left to patients’
choice.”

(0T01)

“Because of the (limited) space and also the noise, not everyone likes it. As you said, it can be
used with earphones, but it is associated with safety issues. If the surrounding noises are cov-
ered with safety, someone calls you, suddenly there is fire safety, etc., it is one of the concerns.”

(ST03)

Discussion

We addressed the research objectives outlined in the introduction and successfully identified
healthcare providers’ perceptions of using organ pedalboards as a rehabilitation tool for lower
extremity conditions. The findings revealed that healthcare providers view music as a motiva-
tor that enhances patient engagement and supports natural movement, particularly in lower
limb rehabilitation. Additionally, the study highlighted key barriers and facilitators influencing
the adoption of organ pedalboards in clinical practice, such as safety concerns and the need for
customized training programs. Importantly, the healthcare providers provided specific recom-
mendations on how organ pedal training could be integrated into existing rehabilitation proto-
cols, emphasizing its potential to improve physical, cognitive, and psychosocial outcomes.
These insights contribute significantly to the development of targeted rehabilitation strategies
and underscore the need for further research to optimize the use of organ pedalboards in clini-
cal settings.

The findings of this study provide valuable insights into healthcare providers’ perceptions
and attitudes towards the use of organ pedalboards as a rehabilitation tool for lower extremity
conditions. The healthcare providers’ views generally align with previous research on the role
of music in rehabilitation. Music has been widely recognized as a motivating factor for patients
during rehabilitation activities [32, 33]. It allows patients to move naturally by following the
inherent rhythm and beats of the music, encouraging sustained engagement [34].

Researchers have extensively studied and documented the therapeutic role of music in reha-
bilitation. It has been shown to motivate patients to participate in rehabilitation activities and
facilitate natural movements [35]. Music has also been found to stimulate the brain and trigger
physiological responses, aiding in physical and cognitive rehabilitation [36]. Furthermore, the
use of familiar music can trigger patients’ memories and associations, potentially enhancing
the overall rehabilitation experience [37]. These findings emphasize the potential of music
intervention in diverting attention from discomfort and reducing perceived exertion levels,
highlighting its prospective utility in rehabilitation settings [38].

The use of the organ pedalboard was perceived as an innovative approach to rehabilitation,
offering an alternative to traditional methods. This aligns with the growing body of literature
advocating for the integration of creative and engaging methods in rehabilitation to enhance
patient adherence and outcomes [39]. The participants thought that patients may positively
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perceive training on the organ pedalboard as a music activity, potentially leading to increased
participation and sustained engagement in rehabilitation [40]. The participants suggested that
the organ pedalboard could be used to train a variety of physical aspects, including range of
motion, flexibility, balance, and coordination. This is consistent with previous research that
has demonstrated the effectiveness of music-based interventions in improving these physical
attributes [41, 42]. Moreover, the pedalboard can facilitate social participation and engage-
ment, as patients can engage in rehabilitation activities with their caregivers or family mem-
bers. This collaborative activity can strengthen social relationships and enhance the quality of
life [25]. However, individual preferences and sensitivities to music should be considered, as
the sound produced from the pedalboard may be perceived as ‘noise’ by some patients, leading
to frustration [43].

Interestingly, the participants also identified the potential of the organ pedalboard as a cog-
nitive rehabilitation tool. This is a novel finding that warrants further investigation. The use of
the organ pedalboard could potentially enhance cognitive processes such as attention and
memory, which are crucial for successful rehabilitation [44-46]. The potential benefits are not
only limited to adults but also to other patient groups, including children with special educa-
tional needs such as ADHD and MR [47]. This finding suggests a promising avenue for future
research.

The organ pedalboard has been identified by the participants as a potential psychosocial
tool for rehabilitation in patients with upper or lower limb problems. The ability to create
music using the pedalboard can provide a sense of accomplishment and confidence, which can
be beneficial for patients’ mental health and overall well-being [25]. Accumulating evidence
shows that music interventions have a significant effect on patients by reducing their level of
pain [48], anxiety [49], and stress [50].

However, the study also identified potential challenges in implementing organ pedal train-
ing, such as the need for specific adaptations to target certain movements and the potential for
patients to adopt compensatory movements. These findings highlight the importance of care-
ful planning and individualized programming in the implementation of organ pedal training.
Furthermore, it is essential to address the safety considerations associated with using the organ
pedalboard as a rehabilitation tool. The current design of the organ bench is not optimal for
rehabilitation use. Adjustments to the chair height and position, as well as the addition of arm-
rests, back support, and a seatbelt or pelvic belt, can prevent patients from slipping from the
chair [51]. Additionally, the level of supervision and manpower required for patients practic-
ing movements on the pedalboard should be carefully considered, along with the implementa-
tion of safety measures such as back support, straps, and handlebars to prevent slips and falls
[52]. Furthermore, the programming of the organ pedalboard for rehabilitation purposes is
crucial, with the need for cueing methods, signal displays, and song and sound selection to
meet the diverse needs and abilities of patients [53]. Programming the organ pedalboard can
make it a feasible tool for rehabilitation training. Simple cueing systems, such as lighting on
the pedal keys or signal cues on a screen monitor, can guide the rehabilitation movements in
creating music. Visual feedback has been largely used in rehabilitation interventions, as it has
been shown to be effective [54, 55].

This study highlights the importance of aligning healthcare professionals’ perspectives with
the proposed theoretical framework for the use of organ pedalboards in rehabilitation. The
findings reveal that professionals’ insights generally support its key components, particularly
in relation to the biopsychosocial model. This model emphasizes the interplay of biological,
psychological, and social factors in health, which are also reflected in the perceived benefits of
organ pedal training. The professionals agreed that the organ pedalboard could effectively
address the biological aspects of rehabilitation by improving range of motion, flexibility, and
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coordination. These practical insights align with the framework’s biological dimension, affirm-
ing its relevance in real-world applications. Additionally, the psychological and social benefits
of using the organ pedalboard, such as enhanced patient motivation, cognitive engagement,
and social participation, also resonate with the framework’s focus on these areas. However,
some discrepancies between theoretical expectations and practical challenges were identified.
For example, while the framework posits that music-based interventions could universally
enhance emotional well-being, the professionals noted that patient preferences for music vary
significantly, which could impact the tool’s effectiveness. This feedback suggests a need for fur-
ther refinement of the framework to account for individual differences and responses to
music. Incorporating these practical experiences into the framework would enhance its appli-
cability and credibility, ensuring it addresses real-world challenges while maintaining theoreti-
cal rigor. Aligning the framework with the insights of regular users increases the likelihood of
its successful adoption and effective use in rehabilitation settings, ultimately leading to better
patient outcomes.

The cost of implementing organ pedalboards in rehabilitation is indeed a critical factor that
must be acknowledged. While our study focused on the potential benefits of this tool, the over-
sight of not emphasizing the high cost, as highlighted in the interview guide, should be
addressed. The participants’ primary focus was on the therapeutic advantages rather than the
financial barriers. It was because most of the participants worked for an organization. They
used tools provided by the organization to manage their patients. Understanding the therapeu-
tic effects of pedalboards for patients enabled participants to recommend this tool to the deci-
sion makers of their workplace. However, the modification and programming costs associated
with adapting the pedalboard for rehabilitation could pose significant challenges, particularly
in resource-limited settings. To mitigate these concerns, it is important to clarify that the ped-
alboard is not intended for individual patient ownership but rather should be purchased and
maintained by institutions or clinical settings, such as hospitals and research institutes, where
patients would undergo training. Future research could investigate the feasibility of this insti-
tutional ownership approach. This strategy is anticipated to enhance accessibility and alleviate
individual financial burdens, allowing the primary focus to remain on the clinical benefits of
this rehabilitation tool.

The cultural context must be carefully considered when evaluating the adoption of the
organ pedalboard as a rehabilitation tool. However, we did not discuss any cultural factors
influencing its adoption during this exploratory study due to time constraints. In the Hong
Kong settings where the study was conducted, the organ (pedalboard) is not a popular musical
instrument. This lack of familiarity may create cultural barriers, as patients may prefer to work
with instruments they are more accustomed to, such as the piano or traditional Chinese instru-
ments. These cultural preferences could impact the effectiveness of the intervention, as patient
engagement is closely linked to their comfort and familiarity with the therapeutic tools used.
However, it is important not to make assumptions that patients would be unwilling to try the
pedalboard. In fact, the novelty of this “new instrument” may actually create a sense of intrigue
and interest, potentially facilitating greater patient engagement. The current unpopularity of
the pedalboard might be due to factors such as its availability, personal interest, or lack of
exposure and training, rather than inherent cultural aversions. We recommend that future
research assess the potential effectiveness of integrating the organ pedalboard into rehabilita-
tion settings under institutional ownership, along with the implementation of ’train-the-
trainer’ programs for healthcare professionals. By offering the pedalboard as an option,
patients can explore this unique tool as part of their rehabilitation, potentially enhancing their
overall experience and outcomes. Importantly, future research should also explore patients’
perceptions, attitudes, and experiences with the organ pedalboard directly. Understanding the
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target population’s perspectives, preferences, and cultural considerations will be crucial in
developing effective strategies for the successful integration of this rehabilitation tool.

The findings offer valuable insights, but they should be interpreted within Hong Kong’s
sociocultural context. We believe that the findings of the study can also be applicable to the
regions with sociocultural contexts similar to Hong Kong. Generalizability to communities
with different cultural backgrounds or healthcare systems may be limited, as Hong Kong is a
developed region where Western therapies are widely accepted. However, future research
should explore the applicability in diverse cultural settings to better understand the broader
potential and limitations of this approach. Such cross-cultural investigations will provide cru-
cial insights into how the organ pedalboard intervention may need to be tailored or adapted to
ensure its effectiveness and acceptability in varied settings.

Our study has the strength of having four different types of healthcare professionals
involved. They provided detailed expert comments and opinions about the study topic com-
prehensively. A notable limitation is that the interview guide lacked pilot testing before imple-
mentation. This could have a missed chance to refine questions or structure, potentially
affecting data quality and depth. Future studies should pilot the interview guide to identify and
address issues prior to full data collection. Another limitation of the current study is the
absence of comprehensive field notes taken by a dedicated note-taker during the interviews.
While the researchers made brief notes throughout the discussions, these did not capture the
level of detail and contextual observations that formal field notes would have provided. The
lack of a dedicated note-taker may have resulted in the loss of valuable insights into the non-
verbal cues, interactions, and nuances of the interview process. Meanwhile, member checking
was not conducted due to time constraints. This may limit the ability to confirm whether our
interpretations and findings accurately reflect participants’ viewpoints.

Other limitations are that we did not apply modifications to the organ accessories, such as
chairs and lights for cueing, and pilot them on lower-limb patients.

We also did not gather voices and opinions from the perspectives of patients and organiza-
tions. While patients are the end-users, we are uncertain how they perceive this novel tool
adopted in their rehabilitation. We are also concerned about the acceptability of policymakers
regarding the use of musical instruments for rehabilitation purposes. In the future study, we
aim to modify the organ accessories and software program and test its feasibility through a
pilot study on patients with particular lower limb problems. We will also conduct qualitative
studies, collecting the perceptions of patients, healthcare providers, and policymakers on the
implementation and actual use of the tool (instrument) in rehabilitation settings.

Conclusion

Our study is the first to explore the feasibility of using a pedalboard as a rehabilitation tool. The
introduction of the organ pedalboard as a rehabilitation tool presents a promising avenue for
lower extremity rehabilitation. Its potential to improve the physical, cognitive, and psychosocial
aspects of rehabilitation underscores its significance in the field of healthcare. However, further
research and development are necessary to address safety concerns and program the pedalboard
for rehabilitation. This will assist in the development of a lower extremity training protocol that
can accommodate all the physiological hip, knee, ankle, and foot movements in the future.

Supporting information

S1 File. COREQ (COnsolidated criteria for REporting Qualitative research) checklist.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0314147 December 19, 2024 19/22


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0314147.s001
https://doi.org/10.1371/journal.pone.0314147

PLOS ONE

Organ pedalboard as a rehabilitation tool

S2 File. Interview guide.
(DOCX)

Author Contributions

Conceptualization: Mandy M. P. Kan, Eric C. Fan, Fadi M. Al Zoubi.
Data curation: Mandy M. P. Kan, Eric C. Fan.

Formal analysis: Mandy M. P. Kan, Fadi M. Al Zoubi.

Investigation: Mandy M. P. Kan, Eric C. Fan, Fadi M. Al Zoubi.
Methodology: Mandy M. P. Kan, Eric C. Fan, Fadi M. Al Zoubi.
Project administration: Mandy M. P. Kan.

Resources: Mandy M. P. Kan, Eric C. Fan, Fadi M. Al Zoubi.
Supervision: Fadi M. Al Zoubi.

Validation: Fadi M. Al Zoubi.

Writing - original draft: Mandy M. P. Kan, Fadi M. Al Zoubi.
Writing - review & editing: Mandy M. P. Kan, Wai Hang Kwok, Fadi M. Al Zoubi.

References

1. MacDonald R, Kreutz G, Mitchell L. What is Music, Health, and Wellbeing and Why is it Important? In:
MacDonald R, Kreutz G, Mitchell L, editors. Music, Health, and Wellbeing. Oxford: Oxford University
Press; 2012.

2. de Witte M, Spruit A, van Hooren S, Moonen X, Stams G-J. Effects of music interventions on stress-
related outcomes: a systematic review and two meta-analyses. Health Psychology Review. 2020; 14
(2):294-324. https://doi.org/10.1080/17437199.2019.1627897 PMID: 31167611

3. Urakawa K, Yokoyama K. Music can enhance exercise-induced sympathetic dominancy assessed by
heart rate variability. The Tohoku Journal of Experimental Medicine. 2005; 206(3):213-8. hitps://doi.
org/10.1620/tjem.206.213 PMID: 15942147

4. Byers J, Smyth K. Effect of a music intervention on noise annoyance, heart rate, and blood pressure in
cardiac surgery patients. American Journal of Critical Care. 1997; 6(3):183-91. PMID: 9131197

5. Kuhn D. The Effects of Active and Passive Participation in Musical Activity on the Immune System as
Measured by Salivary Immunoglobulin A (SIgA). Journal of Music Therapy. 2002; 39(1):30-9.

6. Yamasaki A, Booker A, Kapur V, Tilt A, Niess H, Lillemoe KD, et al. The impact of music on metabolism.
Nutrition. 2012; 28(11):1075-80. https://doi.org/10.1016/j.nut.2012.01.020 PMID: 22858194

7. Gold C, Erkkila J, Bonde LO, Trondalen G, Maratos A, Crawford MJ. Music therapy or music medicine?
Psychother Psychosom. 2011; 80(5):304-5. https://doi.org/10.1159/000323166 PMID: 21720190

8. Trondalen G, Ole Bonde L. Music Therapy: Models and Interventions. In: MacDonald R, Kreutz G,
Mitchell L, editors. Music, Health, and Wellbeing. Oxford: Oxford University Press; 2012.

9. Magee WL, Clark I, Tamplin J, Bradt J. Music interventions for acquired brain injury. Cochrane Data-
base Syst Rev. 2017; 1(1):Cd006787. https://doi.org/10.1002/14651858.CD006787.pub3 PMID:
28103638

10. Sarkdmd T, Ripollés P, Vepsalainen H, Autti T, Silvennoinen HM, Salli E, et al. Structural changes
induced by daily music listening in the recovering brain after middle cerebral artery stroke: a voxel-
based morphometry study. Front Hum Neurosci. 2014; 8:245. https://doi.org/10.3389/fnhum.2014.
00245 PMID: 24860466

11.  Mehrholz J, Thomas S, Elsner B. Treadmill training and body weight support for walking after stroke.
Cochrane Database Syst Rev. 2017; 8(8):Cd002840. https://doi.org/10.1002/14651858.CD002840.
pub4 PMID: 28815562

12. WanglL, Peng JL, Xiang W, Huang YJ, Chen AL. Effects of rhythmic auditory stimulation on motor func-
tion and balance ability in stroke: A systematic review and meta-analysis of clinical randomized

PLOS ONE | https://doi.org/10.1371/journal.pone.0314147 December 19, 2024 20/22


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0314147.s002
https://doi.org/10.1080/17437199.2019.1627897
http://www.ncbi.nlm.nih.gov/pubmed/31167611
https://doi.org/10.1620/tjem.206.213
https://doi.org/10.1620/tjem.206.213
http://www.ncbi.nlm.nih.gov/pubmed/15942147
http://www.ncbi.nlm.nih.gov/pubmed/9131197
https://doi.org/10.1016/j.nut.2012.01.020
http://www.ncbi.nlm.nih.gov/pubmed/22858194
https://doi.org/10.1159/000323166
http://www.ncbi.nlm.nih.gov/pubmed/21720190
https://doi.org/10.1002/14651858.CD006787.pub3
http://www.ncbi.nlm.nih.gov/pubmed/28103638
https://doi.org/10.3389/fnhum.2014.00245
https://doi.org/10.3389/fnhum.2014.00245
http://www.ncbi.nlm.nih.gov/pubmed/24860466
https://doi.org/10.1002/14651858.CD002840.pub4
https://doi.org/10.1002/14651858.CD002840.pub4
http://www.ncbi.nlm.nih.gov/pubmed/28815562
https://doi.org/10.1371/journal.pone.0314147

PLOS ONE

Organ pedalboard as a rehabilitation tool

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

controlled studies. Front Neurosci. 2022; 16:1043575. https://doi.org/10.3389/fnins.2022.1043575
PMID: 36466174

Ye X, LiL, He R, Jia'Y, Poon W. Rhythmic auditory stimulation promotes gait recovery in Parkinson’s
patients: A systematic review and meta-analysis. Front Neurol. 2022; 13:940419. https://doi.org/10.
3389/fneur.2022.940419 PMID: 35968291

Ghai S, Ghai |. Effects of (music-based) rhythmic auditory cueing training on gait and posture post-
stroke: A systematic review & dose-response meta-analysis. Sci Rep. 2019; 9(1):2183.

Eid MM, Wahba ES, Mohamed MS. Efficacy of Exercise Combined with Music on Pain and Range of
Motion in Pediatric Lower Limb Burn. The Medical Journal of Cairo University. 2019; 87(7):4103-7.

Greco F, Rotundo L, Grazioli E, Parisi A, Carraro A, Muscoli C, et al. Effects of self-selected versus
motivational music on lower limb muscle strength and affective state in middle-aged adults. Peerd.
2022; 10:e13795. https://doi.org/10.7717/peer|.13795 PMID: 35898938

Magill-Levreault L. Music therapy in pain and symptom management. Journal of Palliative Care. 1993; 9
(4):42-8. PMID: 8133409

Mohammadzadeh H, Tartibiyan B, Ahmadi A. The effects of music on the perceived exertion rate and
performance of trained and untrained individuals during progressive exercise. Facta Universitatis.
2008; 6:67—74.

Potteiger JA, Schroeder JM, Goff KL. Influence of music on ratings of perceived exertion during 20 min-
utes of moderate intensity exercise. Perceptual and Motor Skills. 2000; 91(3):848-54. https://doi.org/
10.2466/pms.2000.91.3.848 PMID: 11153860

Thaut MH, McIntosh GC, Prassas SG, Rice RR. Effect of rhythmic auditory cuing on temporal stride
parameters and EMG patterns in hemiparetic gait of sroke patients. Journal of Neurologic Rehabilita-
tion. 1993; 7(1):9-16.

Thaut MH, McIntosh GC, Rice RR, Miller RA, Rathbun J, Brault JM. Rhythmic auditory stimulation in
gait training for Parkinson’s disease patients. Movement Disorders. 1996; 11(2):193-200. https://doi.
org/10.1002/mds.870110213 PMID: 8684391

Yearsley D. Bach’s Feet: The Organ Pedals in European Culture. Cambridge: Cambridge University
Press; 2012.

Altenmiller E, Marco-Pallares J, Minte TF, Schneider S. Neural reorganization underlies improvement
in stroke-induced motor dysfunction by music-supported therapy. Ann N Y Acad Sci. 2009; 1169:395—
405. https://doi.org/10.1111/j.1749-6632.2009.04580.x PMID: 19673814

Engel GL. The need for a new medical model: a challenge for biomedicine. Science. 1977; 196
(4286):129-36. https://doi.org/10.1126/science.847460 PMID: 847460

Dingle GA, Sharman LS, Bauer Z, Beckman E, Broughton M, Bunzli E, et al. How Do Music Activities
Affect Health and Well-Being? A Scoping Review of Studies Examining Psychosocial Mechanisms.
Frontiers in Psychology. 2021; 12:713818. https://doi.org/10.3389/fpsyg.2021.713818 PMID: 34566791

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(6):349-57. https://doi.
org/10.1093/intghc/mzm042 PMID: 17872937

Vasileiou K, Barnett J, Thorpe S, Young T. Characterising and justifying sample size sufficiency in inter-
view-based studies: systematic analysis of qualitative health research over a 15-year period. BMC Medical
Research Methodology. 2018; 18(1):148. https://doi.org/10.1186/s12874-018-0594-7 PMID: 30463515

Elo S, Kyngés H. The qualitative content analysis process. Journal of Advanced Nursing. 2008; 62
(1):107—15. https://doi.org/10.1111/j.1365-2648.2007.04569.x PMID: 18352969

Bengtsson M. How to plan and perform a qualitative study using content analysis. NursingPlus Open.
2016; 2:8-14.
Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework method for the analysis of

qualitative data in multi-disciplinary health research. BMC Medical Research Methodology. 2013; 13
(1):117. https://doi.org/10.1186/1471-2288-13-117 PMID: 24047204

Collago N, Wagland R, Alexis O, Gavin A, Glaser A, Watson EK. Using the Framework Method for the
Analysis of Qualitative Dyadic Data in Health Research. Qualitative Health Research. 2021; 31
(8):1555—-64. https://doi.org/10.1177/10497323211011599 PMID: 33980102

Thaut MH, Hoemberg V. Handbook of neurologic music therapy. Thaut MH, Hoemberg V, editors. New
York, NY, US: Oxford University Press; 2014. x, 372—x, p.

Fritz TH. Music in the rehabilitation of neurological disorders. The Oxford Handbook of Music and the
Brain Oxford University Press; 2019. p. 731-52.

Hegde S. Music-based cognitive remediation therapy for patients with traumatic brain injury. Frontiers
in Neurology. 2014; 5:34. https://doi.org/10.3389/fneur.2014.00034 PMID: 24715887

PLOS ONE | https://doi.org/10.1371/journal.pone.0314147 December 19, 2024 21/22


https://doi.org/10.3389/fnins.2022.1043575
http://www.ncbi.nlm.nih.gov/pubmed/36466174
https://doi.org/10.3389/fneur.2022.940419
https://doi.org/10.3389/fneur.2022.940419
http://www.ncbi.nlm.nih.gov/pubmed/35968291
https://doi.org/10.7717/peerj.13795
http://www.ncbi.nlm.nih.gov/pubmed/35898938
http://www.ncbi.nlm.nih.gov/pubmed/8133409
https://doi.org/10.2466/pms.2000.91.3.848
https://doi.org/10.2466/pms.2000.91.3.848
http://www.ncbi.nlm.nih.gov/pubmed/11153860
https://doi.org/10.1002/mds.870110213
https://doi.org/10.1002/mds.870110213
http://www.ncbi.nlm.nih.gov/pubmed/8684391
https://doi.org/10.1111/j.1749-6632.2009.04580.x
http://www.ncbi.nlm.nih.gov/pubmed/19673814
https://doi.org/10.1126/science.847460
http://www.ncbi.nlm.nih.gov/pubmed/847460
https://doi.org/10.3389/fpsyg.2021.713818
http://www.ncbi.nlm.nih.gov/pubmed/34566791
https://doi.org/10.1093/intqhc/mzm042
https://doi.org/10.1093/intqhc/mzm042
http://www.ncbi.nlm.nih.gov/pubmed/17872937
https://doi.org/10.1186/s12874-018-0594-7
http://www.ncbi.nlm.nih.gov/pubmed/30463515
https://doi.org/10.1111/j.1365-2648.2007.04569.x
http://www.ncbi.nlm.nih.gov/pubmed/18352969
https://doi.org/10.1186/1471-2288-13-117
http://www.ncbi.nlm.nih.gov/pubmed/24047204
https://doi.org/10.1177/10497323211011599
http://www.ncbi.nlm.nih.gov/pubmed/33980102
https://doi.org/10.3389/fneur.2014.00034
http://www.ncbi.nlm.nih.gov/pubmed/24715887
https://doi.org/10.1371/journal.pone.0314147

PLOS ONE

Organ pedalboard as a rehabilitation tool

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Colla JB, Bracken AC, Kinney LM, Weeks WB. Measuring patient safety climate: a review of surveys.
Quality Safety Health Care. 2005; 14(5):364—6. https://doi.org/10.1136/qshc.2005.014217 PMID:
16195571

Sammer CE, Lykens K, Singh KP, Mains DA, Lackan NA. What is patient safety culture? A review of
the literature. Journal of Nursing Scholarship. 2010; 42(2):156-65. https://doi.org/10.1111/j.1547-5069.
2009.01330.x PMID: 20618600

Bessler J, Prange-Lasonder GB, Schaake L, Saenz JF, Bidard C, Fassi |, et al. Safety Assessment of
Rehabilitation Robots: A Review Identifying Safety Skills and Current Knowledge Gaps. Frontiers in
Robotics and Al. 2021; 8:602878. https://doi.org/10.3389/frobt.2021.602878 PMID: 33937345

Fusco A, Padua L, Coraci D, Loreti C, Castelli L, Costantino C, et al. Developing pulmonary rehabilita-
tion for COVID-19: Are we linked with the present literature? A lexical and geographical evaluation
study based on the graph theory. Journal of Clinical Medicine. 2021; 10(24):5763. https://doi.org/10.
3390/jcm10245763 PMID: 34945063

Séarkamo T, Tervaniemi M, Huotilainen M. Music perception and cognition: development, neural basis,
and rehabilitative use of music. Wiley Interdisciplinary Reviews. 2013; 4(4):441-51. https://doi.org/10.
1002/wcs.1237 PMID: 26304229

Spencer R, Campbell SM. Tools for primary care patient safety: a narrative review. BMC Family Prac-
tice. 2014; 15(1):166. https://doi.org/10.1186/1471-2296-15-166 PMID: 25346425

Guo M, Mandurah R, Tam A, Bayley M, Kam A. The incidence and nature of adverse events in rehabili-
tation inpatients with acquired brain injuries. PM & R: The Journal of Injury, Function, and Rehabilitation.
2022; 14(7):764-8. https://doi.org/10.1002/pmrj.12650 PMID: 34085399

Altenmiller E, Schlaug G. Apollo’s gift: new aspects of neurologic music therapy. Progress in Brain
Research. 2015; 217:237-52. https://doi.org/10.1016/bs.pbr.2014.11.029 PMID: 25725918

Kliuchko M, Heinonen-Guzejev M, Monacis L, Gold BP, Heikkila KV, Spinosa V, et al. The association
of noise sensitivity with music listening, training, and aptitude. Noise Health. 2015; 17(78):350-7.
https://doi.org/10.4103/1463-1741.165065 PMID: 26356378

Sarkdmd T, Tervaniemi M, Laitinen S, Forsblom A, Soinila S, Mikkonen M, et al. Music listening
enhances cognitive recovery and mood after middle cerebral artery stroke. Brain. 2008; 131:866—76.
https://doi.org/10.1093/brain/awn013 PMID: 18287122

Shirsat A, Jha RK, Verma P. Music therapy in the treatment of dementia: A review article. Cureus.
2023; 15(3):e36954. https://doi.org/10.7759/cureus.36954 PMID: 37139292

Moreno-Morales C, Calero R, Moreno-Morales P, Pintado C. Music therapy in the treatment ofdemen-
tia: A systematic review and meta-analysis. Frontiers in Medicine. 2020; 7:160. https://doi.org/10.3389/
fmed.2020.00160 PMID: 32509790

Troosters T, Demeyer H, Hornikx M, Camillo CA, Janssens W. Pulmonary Rehabilitation. Clinics in
Chest Medicine. 2014; 35(1):241-9. https://doi.org/10.1016/j.ccm.2013.10.006 PMID: 24507849

He H, Li Z, Zhao X, Chen X. The effect of music therapy on anxiety and pain in patients undergoing
prostate biopsy: A systematic review and meta-analysis. Complementary Therapies in Medicine. 2023;
72:102913. https://doi.org/10.1016/j.ctim.2022.102913 PMID: 36581055

Patiyal N, Kalyani V, Mishra R, Kataria N, Sharma S, Parashar A, et al. Effect of music therapy on pain,
anxiety, and use of opioids among patients underwent orthopedic surgery: a systematic review and
meta-analysis Cureus. 2021; 13(9):e18377.

de Witte M, Pinho ADS, Stams GJ, Moonen X, Bos AER, van Hooren S. Music therapy for stress reduc-
tion: a systematic review and meta-analysis. Health Psychology Review. 2022; 16(1):134-59. https://
doi.org/10.1080/17437199.2020.1846580 PMID: 33176590

Bettger JP, Nguyen VQC, Thomas JG, Guerrier T, Yang Q, Hirsch MA, et al. Turning data into informa-
tion: Opportunities to Advance Rehabilitation Quality, Research, and Policy. Archives of Physical Medi-
cine and Rehabilitation. 2018; 99(6):1226-31. https://doi.org/10.1016/j.apmr.2017.12.029 PMID:
29407515

Niederhauser A, Schwappach DLB. Speaking up or remaining silent about patient safety concerns in
rehabilitation: A cross-sectional survey to assess staff experiences and perceptions. Health Science
Reports. 2022; 5(3):195-207. https://doi.org/10.1002/hsr2.631 PMID: 35509405

Hatamizadeh N, Ahmadi M, Vameghi R, Hosseini MA. Intellectual capital in rehabilitation organizations.
Journal of Health Research. 2020; 34(3):195-207.

Luo H, Wang X, Fan M, Deng L, Jian C, Wei M, et al. The effect of visual stimuli on stability and com-
plexity of postural control. Frontiers in Neurology. 2018; 9.

Lee SW, Shin DC, Song CH. The effects of visual feedback training on sitting balance ability and visual
perception of patients with chronic stroke. Journal of Physical Therapy Science. 2013; 25(5):635-9.
https://doi.org/10.1589/jpts.25.635 PMID: 24259819

PLOS ONE | https://doi.org/10.1371/journal.pone.0314147 December 19, 2024 22/22


https://doi.org/10.1136/qshc.2005.014217
http://www.ncbi.nlm.nih.gov/pubmed/16195571
https://doi.org/10.1111/j.1547-5069.2009.01330.x
https://doi.org/10.1111/j.1547-5069.2009.01330.x
http://www.ncbi.nlm.nih.gov/pubmed/20618600
https://doi.org/10.3389/frobt.2021.602878
http://www.ncbi.nlm.nih.gov/pubmed/33937345
https://doi.org/10.3390/jcm10245763
https://doi.org/10.3390/jcm10245763
http://www.ncbi.nlm.nih.gov/pubmed/34945063
https://doi.org/10.1002/wcs.1237
https://doi.org/10.1002/wcs.1237
http://www.ncbi.nlm.nih.gov/pubmed/26304229
https://doi.org/10.1186/1471-2296-15-166
http://www.ncbi.nlm.nih.gov/pubmed/25346425
https://doi.org/10.1002/pmrj.12650
http://www.ncbi.nlm.nih.gov/pubmed/34085399
https://doi.org/10.1016/bs.pbr.2014.11.029
http://www.ncbi.nlm.nih.gov/pubmed/25725918
https://doi.org/10.4103/1463-1741.165065
http://www.ncbi.nlm.nih.gov/pubmed/26356378
https://doi.org/10.1093/brain/awn013
http://www.ncbi.nlm.nih.gov/pubmed/18287122
https://doi.org/10.7759/cureus.36954
http://www.ncbi.nlm.nih.gov/pubmed/37139292
https://doi.org/10.3389/fmed.2020.00160
https://doi.org/10.3389/fmed.2020.00160
http://www.ncbi.nlm.nih.gov/pubmed/32509790
https://doi.org/10.1016/j.ccm.2013.10.006
http://www.ncbi.nlm.nih.gov/pubmed/24507849
https://doi.org/10.1016/j.ctim.2022.102913
http://www.ncbi.nlm.nih.gov/pubmed/36581055
https://doi.org/10.1080/17437199.2020.1846580
https://doi.org/10.1080/17437199.2020.1846580
http://www.ncbi.nlm.nih.gov/pubmed/33176590
https://doi.org/10.1016/j.apmr.2017.12.029
http://www.ncbi.nlm.nih.gov/pubmed/29407515
https://doi.org/10.1002/hsr2.631
http://www.ncbi.nlm.nih.gov/pubmed/35509405
https://doi.org/10.1589/jpts.25.635
http://www.ncbi.nlm.nih.gov/pubmed/24259819
https://doi.org/10.1371/journal.pone.0314147

