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music-based rehabilitation research. The article aims to provide guidance on chal-
lenges related to treatment, outcomes, research designs, and implementation in
music-based rehabilitation research. The article addresses how to define music-based
rehabilitation, select appropriate control interventions and outcomes, incorpo-
rate technology, and consider individual differences, among other challenges. The
article highlights the value of the framework for the development and evaluation
of complex interventions for music-based rehabilitation research and the need for
stronger methodological rigor to allow the widespread implementation of music-based

rehabilitation into regular clinical practice.
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INTRODUCTION

Neurological disorders are the leading cause of disability globally and,
with continuing growth and aging of the population, the prevalence
of these disorders is expected to increase, placing enormous pres-
sure on health care and social systems.>2 Disorders, such as acquired
brain injury, neurodegenerative diseases, and neurodevelopmental
conditions, significantly impact individual functioning and quality of
life.13-¢ These conditions alter a wide range of brain and body func-
tions, resulting in movement and cognitive deficits as well as mood
and emotional disorders that lead to limitations in daily activities and
participation restrictions.” 1! Individuals affected by neurological dis-
orders undergo intensive, diverse, and long rehabilitation processes;
require physical, social, and emotional support from close ones; and
may need rehabilitative interventions throughout their lifespan.1213
In this context, the development and validation of evidence-based and
cost-effective rehabilitative interventions targeting the recovery of
lost functions, coupled with improvement and maintenance of auton-
omy during the acute and chronic phases of the disease, is a central
research area and key clinical-translational goal.1*

Recently, considerable interest has grown in music-based neurolog-
ical rehabilitation among researchers and clinicians. This interest has
been fueled by significant advances in neuroscience related to under-
standing the neural basis of music processing and the neuroplasticity
changes underlying musical training.2>~1? Musical activities, such as
listening, singing, playing, dancing, or score reading, are excellently
suited to be adapted for clinical practice with rehabilitative purposes.
These activities (1) require integration of information from different
sensory modalities, (2) place high demands on cognitive functions,
(3) are inherently motivating and evoke positive emotions, (4) promote
social interaction and bonding, and (5) may involve skilled movements
linked to auditory cues.?%2! The multisensory nature of musical
activities and music’s ability to induce emotions and regulate mood can
increase patients’ engagement, motivation, and well-being when used
during the rehabilitation process.?2-2* Moreover, musical activities are

widely available and can be adjusted to different levels of cognitive and

motor function, as evidenced by several studies conducted on stroke,
Parkinson’s and Alzheimer’s disease, traumatic brain injury, or
autism.2>~3% They can also be adapted to the individual’s ability and to
the different recovery stages, ranging from more passive modalities,
such as music listening, to active and highly demanding activities,
such as reading or playing music. Music-based rehabilitation can
be applied in rehabilitation settings, but there are also home-based
interventions that include self-administered sessions with or without
the assistance of a caregiver that may be excellent to maintain and
enhance functioning in chronic stages.

A basic search on PubMed in June 2022 combining the keywords
“music” and “neurological rehabilitation” shows that the number of
publications about music-based rehabilitation and neurological dis-
eases has considerably increased from 2011 to 2022. However, while
individual randomized controlled trials have shown positive emotional,
motor, or cognitive effects of music interventions, the overall quality of
evidence for the clinical efficacy of music-based rehabilitation remains
low to moderate for most patient populations and outcomes.3”-3?
Building consensus about the design and methodology of trials and fos-
tering collaboration between music, rehabilitation, and neuroscience
communities as well as across research laboratories in different coun-
tries is essential. Such a development would allow conducting larger
multicenter clinical trials that would foster the development of the
music rehabilitation field and, ultimately, allow the translation of music
intervention methods from the laboratory to clinical practice.

This article is the result of an open discussion from a virtual work-
shop at the Neuroscience and Music VIl conference in June 2021 in
Aarhus, Denmark. In this workshop, 10 experienced researchers in
music-based rehabilitation presented the methodology and prelim-
inary results of ongoing clinical trials and discussed methodological
and practical challenges in research. At a roundtable meeting after
the conference, the expert panelists reviewed, discussed, and formed
a consensus on priority methodological areas relevant to music-based
rehabilitation research. As a result of this dialogue, this paper outlines
the main challenges related to treatment, outcomes, research designs,

and implementation of music-based neurological rehabilitation and
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proposes different ideas to approach these challenges and propel
music in neurorehabilitation research forward (Table 1).

TREATMENT
Defining music-based rehabilitation in research

Music-based interventions in neurological rehabilitation are complex
interventions by nature because several interacting components need
to be disentangled. Some of these components are related to the
task demands, the body and cognitive functions involved, the music
and instruments used, or the therapeutic relationship. The struc-
ture and standardization of intervention protocols should define the
core components and describe them in detail. Adequate reporting of
interventions ensures treatment fidelity in future studies, enhancing
validity, replicability, and clinical application of findings.*® However,
a recent systematic review, including 187 music-based intervention
studies, concluded that the overall quality of reporting was poor, with
poor reporting of intervention content and inconsistent terminology.*!
The Template for Intervention Description and Replication (TIDieR)
checklist for reporting interventions is a checklist that guides the
reporting of interventions in research studies.*24® The TIDieR check-
list proposes identifying the intervention’s name, aim, and rationale,
describing in detail the sessions’ materials and procedures, including
how and by whom the intervention was delivered, alongside infor-
mation about the location, timing, intensity, tailoring, modifications,
and the assessment of adherence or fidelity. In addition to the TIDieR
checklist, the Reporting Guidelines for Music-based Interventions,
developed by Robb et al., guide the reporting of music-based inter-
ventions, considering the factors that are unique to music.** These
guidelines are composed of seven components specific to music-based
interventions, including providing the intervention theory with a ratio-
nale for the music selected, who selected the music in the intervention,
which music was used and how was delivered, the therapist’s qualifi-
cations and credentials, or ambient sound, among others. With regard
to the intervention’s targets, a description of the neural structure and
function involved, cognitive or motor abilities, emotional state, and
quality of life is also essential for the translation of research outcomes
into clinical practice.

A crucial factor when defining music-based interventions is treat-
ment fidelity, as most studies do not describe which strategies were
used to keep the intervention delivery consistent across patients,
therapists, and the course of the study.*! Different approaches, such
as specific therapist training, manualized protocols, and protocols to
track core session components, reduce intervention variability within a
study.*>*¢ In conclusion, a comprehensive description of training pro-
tocols, including strategies for ensuring treatment fidelity, will allow
the dissemination of research methods into clinical practice and foster

sharing of resources among the rehabilitation community.

Determining control treatments

The multicomponent nature of music-based interventions represents
a challenge when deciding which control intervention is the most

appropriate for a given study.*” In neurorehabilitation studies, control
groups allow to consider other influences on health outcomes, such
as developmental maturation in studies with children; degeneration in
older adults; spontaneous recovery in stroke and brain injury patients;
placebo effects; the learning or test-retest effects in repeated outcome
measures; and fluctuations of the disease, either spontaneous or in
response to drug treatments.*8 Passive control groups do not account
for the effects of the experimental group when it comes to experi-
encing a change in routine, engaging in activities that promote health,
and social desirability. Moreover, in acute conditions with rapid clinical
evolution, it would be unethical to leave patients without treatment.

In active control groups, participants receive other treatments that
can be under the umbrella of standard care or a standardized and well-
defined intervention as a single comparator. Having designs where only
two interventions are compared is often not possible, as patients might
also receive their usual and standard rehabilitation to address their
deficits and limitations in activities of daily living. Usual and standard
treatments, such as rehabilitation programs, including physical, occu-
pational, speech, and neuropsychological therapy, may have synergistic
effects on recovery and outcome measures.*? These interventions aim
to improve functioning at different levels, having a significant impact
on patients’ emotional well-being, quality of life, and autonomy as
they experience progress. These potential synergistic effects should
be taken into account and if possible controlled for. Ideally, the addi-
tion of music-based interventions to a neurorehabilitation program
or an ongoing treatment should be compared with extra sessions of
other types of activities to match intervention intensity between study
groups. Some control intervention examples are listening to audio-
books in studies investigating the effects of music listening, or physical
therapy exercises in music-based sonification studies.?’->0

In exploratory and pragmatic trials that test the efficacy and effec-
tiveness of music-based interventions, an appropriate control group
should include all ingredients of the music-based intervention that are
not under investigation, selecting an intervention with the same goal
that requires similar motor, cognitive, or emotional functions. Defining
and dissecting the core components of the music-based intervention
can be useful in deciding which components need to be similar in the
control intervention and which ones remain unique to the nature of
music. A detailed reporting of all components of the control inter-
vention is needed to identify the unique elements of the music-based

intervention that promote the therapeutic effect.

Tailoring

Tailoring intervention sessions is essential in patient-centered rehabil-
itation processes. When designing and implementing the music inter-
vention, it is important to find a balance between making it structured
and manualized enough to enable treatment fidelity and replicability
while retaining enough flexibility. It is crucial to define which elements
of the musical intervention can be adapted without interfering with
the fidelity of the intervention, leaving the core components the same
for all participants within a study group. These core elements should
be monitored across sessions and participants, implementing strate-
gies to ensure consistent delivery and reduce unintended intervention
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TABLE 1 Consensus to address challenges related to treatment, outcomes, research designs, and implementation in music-based
rehabilitation research

Intervention

Definition of music-based rehabilitation

« Describe the intervention’s protocol in detail following the TIDieR checklist.*?

« Describe the intervention’s target at the neural structure and function, and motor and cognitive abilities.

Selection of a control treatment

« Choose active control interventions and match intervention intensity between study groups.

« Select a control intervention with the same goal that requires similar motor, cognitive, or emotional functions.

« Describe the control intervention’s aim, rationale, training protocol, and target.

Tailoring

« Define which intervention elements can be adapted without interfering with treatment fidelity.

« Adjust exercises to participant ability.

« Allow choices in some intervention elements to increase motivation (i.e., type of music).

« Register intervention adjustments during data collection.

« Consider intervention adjustments in the analysis and results interpretation.

« Describe which elements of the training program were tailored when reporting.

The use of technology

« Consider low-cost and highly available technologies.

« Codesign new technologies with all stakeholders and potential users (patients, caregivers, and clinicians).

« Conduct proof-of-concept studies to assess the feasibility, usability, and effectiveness of technologies.

« Evaluate whether telerehabilitation is comparable to in-person or face-to-face protocols.

« Assess the limits of the intervention and make music technologies more interactive.

Outcomes

Selection of appropriate outcomes

« Differentiate study outcomes evaluating effectiveness, mechanistic effects, and feasibility.

« Build consensus between researchers and clinicians about evaluation protocols.

« Consider other relevant indicators of improvements (i.e., effect size, MDC, or MCID).

Consideration of individual differences

« Follow the NICE PPI policy’” to ensure intervention feasibility and meaning for the targeted population.

« Screen participants for any deficits in basic auditory functions, music perception, music-evoked pleasure, or possible proneness to adverse effects

triggered by music.

« Consider musical background, music-related auditory-perceptual and motor skills, and sensitivity to music reward in the analysis and results

interpretation.
« Collect information about musical preferences and interests from the participant or their relatives.
« Assess prepost changes in musical skills and determine how they relate to transfer effects.
Theory-based predictions for targeted outcomes
« Use specific mechanism-based predictions.
« Consider skill transfer to extra-musical functions and other activities.
Research designs
Framework for complex interventions
« Consider the framework for the development and evaluation of complex interventions.* 411>
« Consider all the different levels of evidence and clinical research designs.
« Choose case series or smaller experimental studies for new interventions.
« Conduct high-quality and multicenter clinical trials for interventions with solid evidence.
« Create clear and explicit specifications for the intervention protocols in multicenter studies.

« Consider pragmatic and preference trials to reproduce clinical practice conditions.

(Continues)
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TABLE 1 (Continued)

Research designs

Stronger methodological rigor in designing and reporting

« Match intervention groups based on symptom severity and general functional ability.

« Provide a clear sociodemographic and clinical description of participants.

« Report information from participants who withdraw from the study.

Implementation

« Address specific subgroups within the population and tailor interventions to make them culturally, sociologically, and neurologically appropriate.

« Consider participants’ perspectives and needs on treatment and outcomes.

« Choose outcomes that are relevant and common for clinical practitioners.

« Engage musicians and music instructors in the study and intervention design.

« Involve stakeholders (i.e., patients, caregivers, clinicians, or policymakers) when developing and evaluating music-based interventions.

Abbreviations: MCID, minimal clinically importance difference; MDC, minimal detectable change; PPI, patient and public involvement.

variability.*2°1 The core components may expand beyond the “active
ingredients” of the music-based intervention and include aspects
related to the dosage, procedure, and quality of the intervention. A
comprehensive analysis of the intervention allows determining compo-
nents of fidelity and designing strategies to monitor and ensure treat-
ment fidelity. A good example of this type of analysis and monitoring
strategies design is the study conducted by Wiens and Gordon, where
they developed an approach to address treatment fidelity in a music-
based intervention to improve grammar skills in children with specific
language impairment.*> The authors focused on four components of
fidelity: treatment design, provider training, treatment administration,
and treatment receipt. The strategies included the development of an
intervention manual, therapist certification, and recording sessions to
give feedback to the therapist about the quality and quantity of treat-
ment to ensure consistency. Importantly, a coding system was designed
to measure the type of events during the intervention (e.g., instructions
and participant responses) and their proportion, measuring content
and dosage through observational methods.

With regard to the elements that can be adapted, one of the
main adaptations of the music-based intervention can include decid-
ing if sessions are more active or receptive for the patient depending
on their abilities and previous experience with music.>2 Apart from
adjusting the exercises to the level of participants’ ability, elements
of the intervention can be chosen by patients to increase moti-
vation and adherence to the intervention. It is common to allow
the selection of different types of music according to the partici-
pant’s preferences or the ideal time to do the intervention session in
home-based interventions.>3>* These individual adjustments should
be registered during data collection to consider them in the analy-
sis or results interpretation. Articles reporting the effectiveness of
music-based interventions should describe which elements of the
training program were tailored and which were strategies to ensure
treatment fidelity. Importantly, the nature of within-subjects exper-
imental designs (including cross-over randomized controlled trials,
where each participant receives each intervention) allows investigating

more personalized interventions and adjusting the sessions consider-

ing individual differences and the person’s goals as cornerstones in
person-centered rehabilitation.>”

The use of technology

The use of technology coupled with dedicated or general-purpose
devices (e.g., mobile devices) is progressively increasing in music-
based interventions.”® Participation of technology in music applica-
tions spans a variety of approaches, techniques, and clinical pop-
ulations, including music information retrieval,>’ to design music
materials for sessions, enhanced feedback and sonification for stroke

58,59 60 and

rehabilitation, serious games for Parkinson’s disease,
recent developments in robotics and human-computer interaction in
dementia.’®®! In these examples, technology can be used for music
classification and instrument recognition, for providing sound feed-
back to the patients’ movements using inertial sensors, for training
rhythmic skills through a game where success depends on the patients’
performance or for listening to music after a social robot interaction.
Of particular interest is the line of research dedicated to movement
sonification, where kinematic and dynamic movement parameters
are transformed into artificially produced sounds to enhance motor
perception and performance.®? The use of real-time movement soni-
fication has been extensively investigated in sports training, showing
that it optimizes movement control and execution by improving per-
formance self-awareness through auditory feedback (for a review, see
Ref. 63). Movement sonification is a promising therapeutic tool and it
has been applied to neurologic rehabilitation to improve gait in indi-
viduals with Parkinson’s disease or upper-limb movement in stroke
survivors.63-6°

The use of touch-sensitive or multimodal devices, such as tablets
and sets of dedicated sensors, is ideally suited for people with dis-
abilities as a way to foster interaction, participation, and compliance
during the intervention.®® Some of these applications can be imple-
mented in off-the-shelf devices, such as tablets and smartphones,®”¢8
which are low-cost, highly available to the public, and usable in a home
environment for self-rehabilitation. Importantly, these devices allow
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applying machine learning and artificial intelligence to data collected in
real-time during the training sessions. This information can be of great
help to better tailor sessions according to progress, difficulty, moti-
vation, or preferences, leading to more personalized interventions.®?
Several music-based interventions using technology are being adapted
to be delivered as a form of telerehabilitation,>® a technological trans-
formation boosted by the recent COVID-19 pandemic crisis.”® Tel-
erehabilitation can make interventions more accessible, inclusive, and
cost-effective, thus contributing to their widespread implementation.
They allow reaching patients from rural areas, delivering treatments in
the chronic phase, or not putting vulnerable neurologic patients at risk
in pandemic scenarios.

When developing and evaluating new technologies for music-based
interventions, it is essential to consider acceptance and usability.”*
Therefore, a critical step prior to using technology in music-based
interventions is to run proof-of-concept studies for testing feasibility,
usability, and effectiveness.”? These types of studies should include
a detailed assessment of the clinical group and users’ needs, analyz-
ing how new technology can address these needs and which technical
features or requirements are important for users.”® In the iterative
prototype development, the codesign with all stakeholders involved
(patients, caregivers, and clinicians) increases the likelihood of accep-
tance, and qualitative studies with all potential users can provide
valuable insights about usability, learnability, acceptability, reliabil-
ity, and satisfaction.”* Some of the challenges specific to the use
of technology are that devices need to be cognitively accessible for
patients and user-friendly. On top of validating the intervention in
view of running a randomized clinical trial, proof-of-concept studies
allow assessing whether the effect of the intervention is comparable or
not (e.g., in the case of telerehabilitation) to in-person or face-to-face
protocols in the clinic.

An important aspect to consider is that the relational aspect of
music is transformed with technology. Music brings people together,
and this relational aspect may be absent or hindered using technolog-
ical devices or telerehabilitation. The extent to which the relational
aspect is critical to the success of the intervention should be assessed
toidentify the limits of the intervention or foster further developments
to make music technologies more interactive. There is a growing inter-
est to design and implement new and cost-effective online treatments
using technological advances.”>7¢ It is important to adequately con-
sider the impact of incorporating technology on treatment success and
patients’ recovery. Crucially, the trade-off between face-to-face inter-
ventions and telerehabilitation needs to be well assessed and balanced

in music-based rehabilitation.

OUTCOMES

Selecting appropriate outcomes in neurological
music-based rehabilitation studies

The selection of appropriate outcomes depends on the study aim and
research questions and design. It is important to differentiate between

outcomes evaluating the effectiveness of the intervention, the mech-

anistic effects, or the feasibility of the intervention. In effectiveness
studies, the selection of the primary and secondary outcomes is a
challenge since music-based interventions can target multiple deficits
and impairments (e.g., motor, cognitive, and language deficits, mood,
social interaction, and quality of life). In the field of neurorehabilita-
tion, there are several validated tests and assessments but there is a
general lack of agreement in music-based neurological rehabilitation
research regarding the most relevant tests, questionnaires, and mea-
sures for a given population and outcomes, making the comparison
between music-based studies difficult. In this regard, it is necessary to
build consensus between music-based rehabilitation researchers, clin-
icians, patients, and caregivers about evaluation protocols to decide
on generalizable outcome measures that are standardized, reliable,
and clinically meaningful. It is also important to consider other rel-
evant indicators of improvement beyond the statistical significance,
such as the effect size, the minimal detectable change, or the minimum

clinically important difference.

Considering individual differences

Music is a highly personal experience, influenced by many auditory-
cognitive, aesthetic, emotional, and autobiographical factors, individ-
ual musical preferences, and previous experiences of musical activities
across life. Given that the experience of pleasure and reward derived
from music is at the heart of all musical activity, it is important to give
due consideration to these factors across all stages of music interven-
tion research, from designing the intervention, enrolling participants in
the trial, implementing the intervention, and analyzing the results.

During the design phase, piloting the intervention, and getting direct
feedback from patients, following the NICE Patient and Public Involve-
ment policy”” is important to ensure that the intervention is feasible
and meaningful for the targeted clinical population and also takes indi-
vidual limitations (e.g., in sensory/motor functions) into account in the
accessibility of its implementation.

When enrolling participants in a music-based intervention study,
one might consider screening participants for any deficits in basic
auditory functions (e.g., hearing loss), music perception (congenital or
acquired amusia), music-evoked pleasure (musical anhedonia), or pos-
sible proneness to adverse effects triggered by the music stimulus or
the training (e.g., tinnitus, epileptic seizures, and falls), which can be
expected to detract from the applicability or safety of the intervention.
These individual factors should be considered when implementing and
adapting the intervention.

In testing the effectiveness of the intervention, it is essential
to give consideration to individual factors in the experimental and
control group. Each rehabilitation trajectory is unique and individual
and the patient’s experiences with music and music background can
play a major role in mediating the treatment success. To control and
account for this, the analysis of results of the music intervention
trial should include baseline measures of musical background (e.g.,
formal/informal musical training and musical hobbies), music-related
auditory-perceptual and motor skills (e.g., melodic and rhythmic

perception, beat entrainment), and sensitivity to experience reward
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and emotions from music-related activities in all intervention groups.
Collecting these variables in the experimental and control group may
provide valuable information about factors that mediate the efficacy
of the intervention, which can help develop the intervention further
and better target its use in the clinical population.”® At baseline
assessment, it is important to gather information from the relatives on
the previous patient’s musical preferences and interests, as in some
cases, in acute stages, self-assessment could be severely biased by the
onset of the disease and consequent mood and affective changes (e.g.,
depression, anhedonia, and apathy) as well as severe life changes expe-
rienced. Possibly, it can be useful to assess prepost changes in musical
skills and determine how they relate to the transfer effects in the
cognitive, motor, emotional, or social functions targeted by the inter-
vention. Importantly, to investigate possible transfer effects, musical
skills should be assessed as well in the control group. Together with
data on the frequency and intensity of the training, this can help deter-
mine the extent to which active engagement and musical improvement

during the intervention mediate its clinical efficacy (transfer effects).

Theory-based predictions for targeted outcomes

Practicing music is a complex activity that likely trains and transfers
to several different processes, such as cognitive abilities,”° verbal

81-83 and socioemotional development.8* Complex training,

abilities,
such as musical practice, is more likely to show transfers than a
specific training because it involves different processes. However, it
may be challenging to find the sufficient level of training intensity
required to empirically test for skill transfer with this approach. A
series of small but significant effects of short experimental music train-
ing in typical and atypical development have shown skill transfer to
inhibition®>~87 and phonological awareness.88-C These studies used
specific mechanism-based predictions and highlighted the pertinence
of this approach to improve skill transfer efficiency.

One of the most investigated aspects is the underlying mecha-
nisms supporting the use of music for motor recovery.®® There is
extensive evidence on the role of auditory stimuli in enhancing motor
planification, performance, and adjustment.?2-?4 A distributed neu-
roanatomical network connecting auditory and motor systems, with
regions that are highly interconnected at the subcortical and corti-
cal level, is responsible for audio-motor coupling and the interplay
between sound and movement.®® The auditory system detects tem-
poral patterns at an impressively high temporal resolution and primes
the motor system in a process of auditory-motor entrainment. The
temporal references provided by auditory regions allow movement
anticipation and preparation in a feedforward loop. When a move-
ment is performed in musical playing or movement sonification, the
auditory stimuli resulting from the movement serve as feedback of
movement performance, reinforcing, adjusting, and correcting move-
ment trajectories.”? The audio-motor coupling and its influence on
motor learning have been extensively investigated in healthy individu-
als and musicians.”>=%” It is proposed as the underlying mechanism for

the effectiveness of some music-based interventions, such as Rhyth-

mic Auditory Stimulation, movement sonification, or Music-supported
Therapy for individuals with Parkinson’s disease or stroke.3278.98.9%
When considering the potential effects of music preferences and
sensitivity to reward in patients’ recovery, it is important to bear
in mind that pleasure and enjoyment during treatment might poten-
tially increase the effects of rehabilitation, boosting motivation and
treatment adherence, most probably through the engagement of
reward-related mesolimbic and dopaminergic networks.”® As pleas-
ant musical activities activate midbrain-striatal reward-motivation

brain networks and dopamine release,?%100

it is possible to con-
ceive that music could modulate motor rehabilitation through this
neuromodulatory system. Support for this idea comes from studies
showing that midbrain dopaminergic neurons project to the primary

101,102

motor cortex, and this functional and structural connectivity

could modulate cortical reorganization during learning.103.104

Sup-
porting evidence from a sample of subacute stroke patients shows
a positive association between music reward sensitivity and motor
improvement.3> The potential involvement of reward-dopaminergic
networks during recovery also converges with the positive effects
observed in motor learning after administration of reward- and
punishment-based feedback.19°-198 Notice, however, that there is
contradictory evidence on the direct effects of dopamine precursor
administration in motor recovery.19?-112 Qverall, the current hypoth-
esis is that music provides a reward-based motivated learning process
that constructs an enriched training environment that could poten-
tially promote faster recovery and retention of gains as well as improve
concomitant emotional side-effects as depression and anhedonia.”® In
the future, modifications to existing training protocols should go in the
direction of enhancing intervention components that boost reward-
based learning, tailoring the sessions to increase motivation, pleasure,
and enjoyment.

RESEARCH DESIGNS AND LEVELS OF EVIDENCE

Considering the framework for the development and
evaluation of complex interventions

Although well-designed and properly conducted randomized con-
trolled trials can provide the most reliable evidence on intervention

effects, 113

it is important to consider all the different levels of evi-
dence and clinical research designs when designing and evaluating
interventions. The framework for the development and evaluation of
complex interventions'14115 js excellent to be followed in our field and
guides the different steps for developing, testing, and implementing.
The framework was developed in 2000, revised in 2006, and updated
in 2021, taking into account recent theory and methods development.
The new version of the framework identifies four research phases:
development or identification of the intervention, feasibility, evalua-
tion, and implementation. These phases allow including other research
perspectives and questions beyond effectiveness and efficacy, such as
cost-effectiveness, the interplay of mechanisms and context, or how

the intervention is adapted to a system. The framework also identifies
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common core elements in each phase regarding the context, program
theory, stakeholders, key uncertainties, intervention refinement, and
economic considerations. In the case of music-based interventions,
this framework can help to identify the research questions depend-
ing on the development phase of the intervention and consider all the
relevant core components to advance with research and achieve imple-
mentation. Excellent examples of interventions that have followed all
the research phases, thereby achieving wide acceptance and imple-
mentation, are Rhythmic Auditory Stimulation for gait rehabilitation in
individuals with Parkinson’s disease and stroke and Neurologic Music
Therapy in stroke or traumatic brain injury patients.116-118

With regard to research designs, case series or smaller experimen-
tal studies are initially more appropriate for new interventions than
large clinical trials. The steps involved in developing and evaluating
a complex intervention follow roughly the same steps as those for
pharmaceutical development, however, with theory development and
the modeling of components and mechanisms replacing preclinical and
phase | clinical development.!'* For those interventions with solid
evidence from such smaller studies, efforts should be made to then con-
duct high-quality and multicenter clinical trials. Conducting such trials
internationally across a range of therapists from various centers may
prove logistically and conceptually challenging and require clearer and
more explicit specifications of the intervention protocol.42114.119-121
Pragmatic and preference trials!2%121 are a solution to some of the
challenges related to reproducing what happens in clinical practice
or addressing individual differences in motivation and preference for
music interventions. Other challenges are related to recruitment, such
as the clinical heterogeneity of samples and biases to participate in
music studies.

While there are now some examples of successfully conducted
pragmatic multicenter trials, 122123124 sych trials have often shown
negative results, which is a reflection of their rigorous methodology but
may also indicate that the intervention is not well enough understood
and developed yet!?> or that the outcome measures used are not able
to capture the real-life effects of the intervention. The framework for
the development and evaluation of complex interventions is useful in
these cases as it also offers a “circular” or iterative model where a new
observational phase follows a pragmatic phase.!'* This recommenda-
tion is pertinent for music interventions: They are typically “out there”
inthe field already, so it is meaningful to ask whether they are effective
as they are being conducted (e.g., pragmatic trials), but it is then also
meaningful to “go back” and investigate mechanisms and to start the

circle with a refined intervention.

Stronger methodological rigor in designing and
reporting longitudinal studies

Designing music-based interventions in clinical settings often poses
methodological challenges, especially in more naturalistic contexts.
However, a balance between the generalizability of a study and the
internal validity of the design must be considered carefully. It is

important to match intervention groups based on symptom sever-

ity, baseline impairment, and general functional ability in order to
reduce possible confounds stemming from nonequivalent groups
not balanced on these clinical parameters. This is especially rele-
vant for neurodevelopmental disorders, such as autism, that show
heterogeneous symptom severity profiles and verbal abilities often
ranging from being minimally verbal to neurotypically verbal.®” In
conditions where the recovery trajectory is linked to the onset of
diseases, such as stroke or traumatic brain injury, groups should be
matched based on the recovery stage. As discussed in the subsection
on individual differences, it is important to consider matching inter-
vention groups regarding experiences with music, music background,
and musical skills as factors that can mediate the effectiveness of the
intervention.

A clear description of the intervention group characteristics, such
as the randomization procedure, training intensity, symptom severity,
baseline functioning, age, gender, and social support of participants
using means, range, and standard deviations, should be calculated and
reported. Means, ranges, and standard deviations of groups before
and after the interventions should be calculated and reported in order
to (1) form a coherent composite overview of the size of an effect,
(2) properly account for covariance arising from multiple measure-
ments per participant, and (3) reduce small-sample biases when assess-
ing studies in a meta-analysis. Finally, more consideration should be
given to potential biases or confounds resulting from attrition by
reporting information about individuals who failed to complete the

study.

IMPLEMENTATION OF MUSIC-BASED
INTERVENTIONS IN CLINICAL SETTINGS

Music interventions face many challenges for widespread implemen-
tation in clinical or even community settings. Some challenges for the
wide implementation of music-based interventions in clinical settings
are related to (1) failure to match specific interventions to the tar-
get population, (2) problems in integrating outcome measurements
in clinical practice, (3) lack of acceptance and familiarity with music-
based interventions from clinicians working in other fields, (4) the
need of clinical expertise to be delivered, and (5) insufficient consid-
eration or attention to stakeholders’ opinions (patients, caregivers,
clinicians, or policymakers) about barriers and facilitators to implement
the intervention and how to address them.

Many diseases and disorders are heterogeneous in presentation,
and often affect the diversity of a nation’s population differently. The
lack of trials addressing specific subgroups within populations (e.g.,
African Americans with cognitive impairment, women with Parkin-
son’s disease, and stroke survivors with sensory problems) could
result in the inappropriateness or mismatch of a given intervention
for specific populations. Work must be done to translate and tailor
music-based interventions for given subgroups of populations such
that the interventions are culturally, sociologically, and neurologically
appropriate, effective, and satisfying for the intended patient popula-

tion. Organizations, such as the Patient-Centered Outcomes Research
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Institute or the StrokeNet in the United States, attempt to enhance the
patient’s perspectives and individual and societal needs for particular
treatments and the importance of appropriate and relevant outcome
measures. Such an approach is necessary for the field of music-based
rehabilitation research.

Regarding the problems in integrating outcomes in clinical practice,
the challenge relates to the transferability of evaluations performed
in clinical trials to clinical practice. It is common to have long evalu-
ation protocols in research designs but, if a given outcome that was
successfully modified in a trial is not a regular part of clinical practice,
healthcare professionals cannot compare and evaluate if the imple-
mented intervention was successful. Outcomes relevant to a given
physician or clinician type should be investigated to influence the clin-
ician uptake and understanding of the potential treatment, including
music treatments.

The implementation of music-based rehabilitation requires exper-
tise and formal clinical music training. In some contexts and in some
parts of some countries, neurologic music therapists are part of the
healthcare team and music-based interventions are central to com-
prehensive rehabilitation programs, particularly in specialized neu-
rorehabilitation hospitals or private centers or systems with high
resources. However, the inclusion of neurologic music therapists in
teams may not be the norm in general hospitals, intermediate care
hospitals, community rehabilitation facilities, or nursing homes. In
these contexts, training healthcare professionals is time-consuming
and resource-intensive and can limit the implementation of music-
based rehabilitation. If both musical expertise and clinical licensure
are required, implementation barriers arise. As such, music programs
that require minimal expertise or training should be investigated for
their efficacy. An alternative approach is to engage musicians and music
instructors with a clinical interest in music-based rehabilitation, which
could provide a wonderful opportunity for some talented individuals to
blend their love of music with clinical care. Investments in new genera-
tions of clinically minded musicians will help countries achieve stronger
music as medicine programs and rehabilitation.

Inadequate consideration of stakeholders’ needs, perceptions, atti-
tudes, and desires when developing or implementing music therapies
in a clinical setting hinders the acceptability of the interventions. At
this time, little research has been performed that involves stakeholders
(patients, caregivers, families, healthcare professionals, and decision-
makers) in developing patient-centered musical treatment. Research
done in partnership with stakeholders is necessary, for example, involv-
ing people with prodromal Alzheimer’s disease from the ground up
in the development and refinement of a music treatment so that the
treatment is more specific, appropriate, effective, and satisfying for the
constituents that the treatment purports to serve. Determining prefer-
ences for settings, times of day, duration of treatment, group numbers,
and the type of music are just a few considerations that could be dis-
cussed and piloted with a patient group and their family members. That
said, music is often universal, and the experience could be more enter-
taining and gratifying than similar research conducted about a less

attractive therapy.

CONCLUSIONS

Music-based interventions for neurological rehabilitation are complex
interventions, and this article highlights the main methodological
research challenges related to treatment, outcomes, research designs,
and implementation. We emphasize the need for a better definition
and description of music-based interventions as well as control
treatments in research articles. Major technological advances allow
incorporating devices into music-based interventions, for example, by
adapting interventions as a form of telerehabilitation. This techno-
logical transformation and telerehabilitation can make interventions
more accessible and cost-effective, contributing to their widespread
implementation, while facilitating the tailoring of interventions
to individual patients (e.g., treatment personalization). Regarding
outcomes, their adequate selection according to the study aim is
critical as well as the need to consider individual differences in the
evaluation process and analysis. The framework for the development
and evaluation of complex interventions is excellent for the field
of music-based rehabilitation research since it provides guidance
on the different research steps to generate evidence according to
the different levels of intervention development. Addressing the
mentioned methodological challenges will improve the translation of
research evidence into clinical practice. Importantly, the transferability
of the evidence on music-based interventions relies on address-
ing the aspects mentioned in this consensus article, leading to the
widespread implementation of these interventions into regular clinical

practice.

ACKNOWLEDGMENTS

J.G.S. and A.R.F. acknowledge funding from Fundacié La Maraté de
TV3 (2016, Stroke and traumatic spinal cord and brain injury pro-
gram) under Grant number 201729.30. C.G. acknowledges funding
from the Kavli Trust (project “Music for Autism”) and the Research
Council of Norway (EU Joint Programme - Neurodegenerative Dis-
ease Research [JPND] project no. 311628; High-quality and Reliable
Diagnostics, Treatment and Rehabilitation [BEHANDLING] program,
project no. 273534). T.S. acknowledges funding from the Academy of
Finland (Grants 338448, 346211), and the European Research Council
(grant 803466).

AUTHOR CONTRIBUTIONS

All authors participated in the workshop at the Neuroscience and
Music VII conference in June 2021 and at a roundtable meeting after-
ward. All authors reviewed, discussed, and formed a consensus on
the priority methodological areas relevant to music-based rehabilita-
tion research. J.G.-S. prepared a draft of the paper. All authors made
a critical revision of the article and approved the final version to be
published.

COMPETING INTERESTS

The authors declare no competing interests.

95UB017 SUOWIWOD BA 11810 3|qeot dde aup Aq peusenob e sajoiie YO 8SN JO S8|nJ 10} ARIq1T8UIUO 8|1 UO (SUOTHPUOO-PUR-SLUIBY/WIOD A8 |1 Ale.d 1 Bu [Uo//Scy) SUOTIPUOD pue SWie 1 8y} 885 [202/TT/80] Uo ARiqiauluo 8|1 ‘(-uleAnde) aqnopesy Ad 268y T SeAU/TTTT OT/I0p/W00" A3 1M Aleiqpuljuo'sqndseAu;/sdny woiy pepeojumoa ‘T ‘2202 ‘2€996v.LT



ANNALS OF THE NEW YORK ACADEMY OF SCIENCES

21

ORCID

Gottfried Schlaug

https://orcid.org/0000-0002-8637-7356

PEER REVIEW
The peer review history for this article is available at: https://publons.
com/publon/10.1111/nyas.14892.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Feigin, V. L., Nichols, E., Alam, T., Bannick, M. S., Beghi, E., Blake, N.,
Culpepper, W. J,, Dorsey, E.R., Elbaz, A., Ellenbogen, R. G, Fisher, J. L.,
Fitzmaurice, C., Giussani, G., Glennie, L., James, S. L., Johnson, C. O.,
Kassebaum, N. J., Logroscino, G.,Marin, B.T,,... Vos, T. (2019). Global,
regional, and national burden of neurological disorders, 1990-2016:
A systematic analysis for the Global Burden of Disease Study 2016.
Lancet Neurology, 18,459-480.

. GBD 2019 Diseases and Injuries Collaborators. (2020). Global bur-

den of 369 diseases and injuries in 204 countries and territories,
1990-2019: A systematic analysis for the Global Burden of Disease
Study 2019. Lancet, 396, 1204-1222.

. Jeong, B.-O. K, Kang, H.-J. U, Bae, K.-Y,, Kim, S.-W.,, Kim, J.-M,, Shin, I.

L.-S., Kim, J.-T., Park, M.-S., Cho, K. I.-H., & Yoon, J.-S. (2012). Determi-
nants of quality of life in the acute stage following stroke. Psychiatry
Investigation, 9, 127-133.

. Cerniauskaite, M., Quintas, R., Koutsogeorgou, E., Meucci, P, Sattin,

D., Leonardi, M., & Raggi, A. (2012). Quality-of-life and disabil-
ity in patients with stroke. American Journal of Physical Medicine &
Rehabilitation, 91,S39-547.

. Hinnell, C,, Hurt, C. S,, Landau, S., Brown, R. G., & Samuel, M.

(2012). Nonmotor versus motor symptoms: How much do they mat-
ter to health status in Parkinson’s disease? Movement Disorders, 27,
236-241.

. Harriman, E., & Oyefeso, A. (2021). Defining quality of life for individ-

uals with neurodevelopmental disorders: Challenges within an inpa-
tient population. Journal of Intellectual Disabilities, 26(2), 455-469.
https://doi.org/10.1177/1744629520982836

. Chaudhuri, K. R., & Schapira, A. H. V. (2009). Non-motor symptoms of

Parkinson’s disease: Dopaminergic pathophysiology and treatment.
Lancet Neurology, 8, 464-474.

. Schrag, A., Sauerbier, A., & Chaudhuri, K. R. (2015). New clinical tri-

als for nonmotor manifestations of Parkinson’s disease. Movement
Disorders, 30, 1490-1504.

. Karnath, H.-O., Sperber, C., & Rorden, C. (2018). Mapping human

brain lesions and their functional consequences. Neuroimage, 165,
180-189.

Nasios, G., Bakirtzis, C., & Messinis, L. (2020). Cognitive impairment
and brain reorganization in MS: Underlying mechanisms and the role
of neurorehabilitation. Frontiers in Neurology, 11, 147.

Mayo, N. E., Wood-Dauphinee, S., Cété, R., Durcan, L., & Carlton, J.
(2002). Activity, participation, and quality of life 6 months poststroke.
Archives of Physical Medicine and Rehabilitation, 83, 1035-1042.
Miller, K. K., Lin, S. H., & Neville, M. (2019). From hospital to home
to participation: A position paper on transition planning poststroke.
Archives of Physical Medicine and Rehabilitation, 100, 1162-1175.
Sabitini, N. (2003). Rehabilitation: Essential to the continuum of care.
Maryland Medicine, 4, 28.

Julie, B., Hayward, K. S., Kwakkel, G., Ward, N. S., Wolf, S. L.,
Borschmann, K., Krakauer, J. W.,Boyd, L. A., Carmichael, S. T., Corbett,
D., & Cramer, S. C. (2017). Agreed definitions and a shared vision for
new standards in stroke recovery research: The Stroke Recovery and
Rehabilitation Roundtable Taskforce. Neurorehabilitation and Neural
Repair, 31,793-799.

Chatterjee, D., Hegde, S., & Thaut, M. (2021). Neural plasticity:
The substratum of music-based interventions in neurorehabilitation.
Neurorehabilitation, 48, 155-166.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Schlaug, G. (2015). Musicians and music making as a model for the
study of brain plasticity. Progress in Brain Research, 217, 37-55.
Altenmdller, E., & Schlaug, G. (2015). Apollo’s gift: New aspects of
neurologic music therapy. Progress in Brain Research, 217,237-252.
Herholz, S. C., & Zatorre, R. J. (2012). Musical training as a frame-
work for brain plasticity: Behavior, function, and structure. Neuron,
76,486-502.

Pantev, C., & Herholz, S. C. (2011). Plasticity of the human audi-
tory cortex related to musical training. Neuroscience & Biobehavioral
Reviews, 35,2140-2154.

Grau-Sanchez, J., Minte, T. F, Altenmiller, E., Duarte, E., &
Rodriguez-Fornells, A. (2020). Potential benefits of music playing in
stroke upper limb motor rehabilitation. Neuroscience and Biobehav-
ioral Reviews, 112,585-599.

Sihvonen, A. J., Sarkamo, T, Leo, V. Tervaniemi, M., Altenmdller,
E., & Soinila, S. (2017). Music-based interventions in neurological
rehabilitation. Lancet Neurology, 16, 648-660.

Ferreri, L., Mas-Herrero, E., Zatorre, R. J., Ripollés, P., Gomez-Andres,
A, Alicart, H., Olivé, G., Marco-Pallarés, J., Antonijoan, R. M., Valle,
M., Riba, J., & Rodriguez-Fornells, A. (2019). Dopamine modulates
the reward experiences elicited by music. Proceedings of the National
Academy of Sciences, 116, 3793-3798.

Zatorre, R. J., & Salimpoor, V. N. (2013). From perception to pleasure:
Music and its neural substrates. Proceedings of the National Academy
of Sciences, 110, 10430-10437.

Paraskevopoulos, E., Chalas, N., Karagiorgis, A., Karagianni, M.,
Styliadis, C., Papadelis, G., & Bamidis, P. (2021). Aging effects on
the neuroplastic attributes of multisensory cortical networks as
triggered by a computerized music reading training intervention.
Cerebral Cortex, 31,123-137.

Siponkoski, S.-T., Martinez-Molina, N., Kuusela, L., Laitinen, S.,
Holma, M., Ahlfors, M., Jordan-Kilkki, P, Ala-Kauhaluoma, K.,
Melkas, S., Pekkola, J., Rodriguez-Fornells, A., Laine, M., Ylinen,
A., Rantanen, P, Koskinen, S., Lipsanen, J., & Sarkdmo, T. (2020).
Music therapy enhances executive functions and prefrontal struc-
tural neuroplasticity after traumatic brain injury: Evidence from
a randomized controlled trial. Journal of Neurotrauma, 37, 618-
634.

Cochen De Cock, V. R., Dotov, D., Damm, L., Lacombe, S., Ihalainen,
P, Picot, M. C,, Galtier, F,, Lebrun, C., Giordano, A. L., Driss, V. R., Geny,
C.,Garzo, A.,Hernandez, E., Van Dyck, E., Leman, M., Villing, R., Bardy,
B. G, & Dalla Bella, S. (2021). BeatWalk: Personalized music-based
gait rehabilitation in Parkinson’s disease. Frontiers in Psychology, 12,
655121. https://doi.org/10.3389/fpsyg.2021.655121

Sarkamo, T., Tervaniemi, M., Laitinen, S., Forsblom, A., Soinila, S.,
Mikkonen, M., Autti, T., Silvennoinen, H. M., Erkkila, J., Laine, M.,
Peretz, |., & Hietanen, M. (2008). Music listening enhances cognitive
recovery and mood after middle cerebral artery stroke. Brain, 131,
866-876.

Schlaug, G., Marchina, S., & Norton, A. (2009). Evidence for plastic-
ity in white-matter tracts of patients with chronic Broca’s aphasia
undergoing intense intonation-based speech therapy. Annals of the
New York Academy of Sciences, 1169, 385-394.

Sharda, M, Silani, G., Specht, K., Tillmann, J., Nater, U., & Gold,
C. (2019). Music therapy for children with autism: Investigating
social behaviour through music. Lancet Child & Adolescent Health, 3,
759-761.

Moussard, A., Bigand, E., Belleville, S., & Peretz, I. (2012). Music as
an aid to learn new verbal information in Alzheimer’s disease. Music
Perception, 29,521-531.

Hackney, M. E., & Earhart, G. M. (2009). Effects of dance on move-
ment control in Parkinson’s disease: A comparison of Argentine
tango and American ballroom. Journal of Rehabilitation Medicine, 41,
475-481.

Bella, S. D., Benoit, C.-E., Farrugia, N., Keller, P. E., Obrig, H., Mainka,
S., & Kotz, S. A. (2017). Gait improvement via rhythmic stimulation

95UB017 SUOWIWOD BA 11810 3|qeot dde aup Aq peusenob e sajoiie YO 8SN JO S8|nJ 10} ARIq1T8UIUO 8|1 UO (SUOTHPUOO-PUR-SLUIBY/WIOD A8 |1 Ale.d 1 Bu [Uo//Scy) SUOTIPUOD pue SWie 1 8y} 885 [202/TT/80] Uo ARiqiauluo 8|1 ‘(-uleAnde) aqnopesy Ad 268y T SeAU/TTTT OT/I0p/W00" A3 1M Aleiqpuljuo'sqndseAu;/sdny woiy pepeojumoa ‘T ‘2202 ‘2€996v.LT


https://orcid.org/0000-0002-8637-7356
https://orcid.org/0000-0002-8637-7356
https://publons.com/publon/10.1111/nyas.14892
https://publons.com/publon/10.1111/nyas.14892
https://doi.org/10.1177/1744629520982836
https://doi.org/10.3389/fpsyg.2021.655121

22

ANNALS OF THE NEW YORK ACADEMY OF SCIENCES

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

in Parkinson’s disease is linked to rhythmic skills. Scientific Reports, 7,
42005. https://doi.org/10.1038/srep42005

Chenausky, K. V., & Schlaug, G. (2018). From intuition to intervention:
Developing an intonation-based treatment for autism. Annals of the
New York Academy of Sciences, 1423,229-241.

Chenausky, K., Norton, A., Tager-Flusberg, H., & Schlaug, G. (2016).
Auditory-motor mapping training: Comparing the effects of a novel
speech treatment to a control treatment for minimally verbal chil-
dren with autism. PLoS One, 11,e0164930.

Grau-Sanchez, J., Duarte, E.,, Ramos-Escobar, N., Sierpowska, J.,
Rueda, N., Reddn, S., de Las Heras, M. V., Pedro, J., Sarkamo, T., &
Rodriguez-Fornells, A. (2018). Music-supported therapy in the reha-
bilitation of subacute stroke patients: A randomized controlled trial.
Annals of the New York Academy of Sciences, 1423, 318-328.

Wan, C.Y,, Zheng, X., Marchina, S., Norton, A., & Schlaug, G. (2014).
Intensive therapy induces contralateral white matter changes in
chronic stroke patients with Broca’s aphasia. Brain and Language, 136,
1-7.

Geretsegger, M., Elefant, C., Méssler, K. A., & Gold, C. (2014). Music
therapy for people with autism spectrum disorder. Cochrane Database
of Systematic Reviews, 2014, CD0O04381.

Magee, W. L., Clark, 1., Tamplin, J., & Bradt, J. (2017). Music inter-
ventions for acquired brain injury. Cochrane Database of Systematic
Reviews, 2017,CD006787.

Fusar-Poli, L., Bieleninik, A. U., Brondino, N., Chen, X. I.-J., & Gold,
C. (2018). The effect of music therapy on cognitive functions in
patients with dementia: A systematic review and meta-analysis. Aging
& Mental Health, 22,1103-1112.

Fuller, T, Peters, J., Pearson, M., & Anderson, R. (2014). Impact of the
transparent reporting of evaluations with nonrandomized designs
reporting guideline: Ten years on. American Journal of Public Health,
104,e110-e117.

Robb, S. L., Hanson-Abromeit, D., May, L., Hernandez-Ruiz, E., Allison,
M., Beloat, A., Daugherty, S., Kurtz, R, Ott, A, Oyedele, O. O.,
Polasik, S., Rager, A., Rifkin, J., & Wolf, E. (2018). Reporting quality
of music intervention research in healthcare: A systematic review.
Complement Ther Med, 38, 24-41.

Hoffmann, T.C., Glasziou, P. P, Boutron, |., Milne, R., Perera, R., Moher,
D., Altman, D. G., Barbour, V., Macdonald, H., Johnston, M., Lamb, S.E.,
Dixon-Woods, M., Mcculloch, P, Wyatt, J. C., Chan, A.-W., & Michie, S.
(2014). Better reporting of interventions: Template for intervention
description and replication (TIDieR) checklist and guide. BMJ, 348,
g1687-g1687.

Lohse, K. R., Pathania, A, Wegman, R., Boyd, L. A., & Lang, C.E. (2018).
On the reporting of experimental and control therapies in stroke
rehabilitation trials: A systematic review. Archives of Physical Medicine
and Rehabilitation, 99, 1424-1432.

Robb, S. L., Carpenter, J.S.,&Burns, D.S.(2011). Reporting guidelines
for music-based interventions. Journal of Health Psychology, 16, 342~
352.

Wiens, N., & Gordon, R. L. (2018). The case for treatment fidelity
in active music interventions: Why and how. Annals of the New York
Academy of Sciences, 1423,219-228.

Baker, F. A,, Tamplin, J,, Clark, I. N., Lee, Y.-E. C., Geretsegger, M., &
Gold, C. (2019). Treatment fidelity in a music therapy multi-site clus-
ter randomized controlled trial for people living with dementia: The
middel project intervention fidelity protocol. Journal of Music Therapy,
56,125-148.

Levack, W. M., Martin, R. A., Graham, F. P, & Hay-Smith, E. J. (2019).
Compared to what? An analysis of the management of control
groups in Cochrane reviews in neurorehabilitation. European Journal
of Physical and Rehabilitation Medicine, 55, 353-363.

Hart, T., Fann, J. R., & Novack, T. A. (2008). The dilemma of the control
condition in experience-based cognitive and behavioural treatment
research. Neuropsychological Rehabilitation, 18, 1-21.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Pekna, M., Pekny, M., & Nilsson, M. (2012). Modulation of neu-
ral plasticity as a basis for stroke rehabilitation. Stroke, 43, 2819-
2828.

Zondervan, D. K., Friedman, N., Chang, E., Zhao, X., Augsburger, R.,
Reinkensmeyer, D. J., & Cramer, S. C. (2016). Home-based hand
rehabilitation after chronic stroke: Randomized, controlled single-
blind trial comparing the MusicGlove with a conventional exercise
program. Journal of Rehabilitation Research and Development, 53,
457-472.

Bellg, A. J., Borrelli, B., Resnick, B., Hecht, J., Minicucci, D. S., Ory, M.,
Ogedegbe, G., Orwig, D., Ernst, D., & Czajkowski, S. (2004). Enhancing
treatment fidelity in health behavior change studies: Best practices
and recommendations from the NIH Behavior Change Consortium.
Health Psychology, 23, 443-451.

van der Steen, J. T., Smaling, H. J. A., van der Wouden, J. C., Bruinsma,
M. S, Scholten, R. J., & Vink, A. C. (2018). Music-based therapeu-
tic interventions for people with dementia. Cochrane Database of
Systematic Reviews, 7, CD003477.

Stein, A., Wunderlich, R, Lau, P, Engell, A., Wollbrink, A., Shaykevich,
A., Kuhn, J.-T., Holling, H., Rudack, C., & Pantev, C. (2016). Clinical
trial on tonal tinnitus with tailor-made notched music training. BMC
Neurology, 16, 1-17.

Grau-Sanchez, J., Segura, E. Sanchez-Pinsach, D. Raghavan, P,
Minte, T. F, Palumbo, A. M., Turry, A., Duarte, E., Sarkdamo, T.,
Cerquides, J., Arcos, J. L., & Rodriguez-Fornells, A. (2021). Enriched
music-supported therapy for chronic stroke patients: A study proto-
col of arandomised controlled trial. BMC Neurology, 21, 1-16.
Hackett, K., Sabat, S. R., & Giovannetti, T. (2022). A person-centered
framework for designing music-based therapeutic studies in demen-
tia: Current barriers and a path forward. Aging & Mental Health, 26,
940-949.

Agres, K. R., Schaefer, R. S., Volk, A., van Hooren, S., Holzapfel, A.,
Dalla Bella, S., Muller, M., de Witte, M., Herremans, D., Ramirez
Melendez, R., Neerincx, M., Ruiz, S., Meredith, D., Dimitriadis, T., &
Magee, W. L. (2021). Music, Computing, and Health: A Roadmap
for the Current and Future Roles of Music Technology for Health
Care and Well-Being. Music & Science. https://doi.org/10.1177/
2059204321997709

Serra, X., Magas, M., Benetos, E., Chudy, M., Dixon, S., Flexer, A.,
Gdmez, E., Gouyon, F., Herrera, P, Jorda, S., Paytuvi, O., Peeters,
G., Schluter, J., Vinet, H., & Widmer, G. (2013). Roadmap for
music information research. Geoffroy Peeters (editor); 88 p. ISBN:
9782954035116.

Schneider, S., Minte, T, Rodriguez-Fornells, A. Sailer, M., &
Altenmdller, E. (2010). Music-supported training is more effi-
cient than functional motor training for recovery of fine motor skills
in stroke patients. Music Perception, 27, 271-280.

Scholz, D. S., Rohde, S., Nikmaram, N., Briickner, H.-P., GroRbach, M.,
Rollnik, J. D., & Altenmiiller, E. O. (2016). Sonification of arm move-
ments in stroke rehabilitation - A novel approach in neurologic music
therapy. Frontiers in Neurology, 7, 106.

Dauvergne, C., Bégel, V., Gény, C., Puyjarinet, F,, Laffont, I., & Dalla
Bella, S. (2018). Home-based training of rhythmic skills with a seri-
ous game in Parkinson’s disease: Usability and acceptability. Annals of
Physical and Rehabilitation Medicine, 61, 380-385.

de Kok, R., Rothweiler, J., Scholten, L., van Zoest, M., Boumans, R.,
& Neerincx, M. (2018). Combining social robotics and music as a
non-medical treatment for people with dementia. RO-MAN 2018 -
27th IEEE International Symposium on Robot and Human Interactive
Communication.

Effenberg, A. O. (2005). Movement sonification: Effects on percep-
tion and action. I[EEE MultiMedia, 12, 53-59.

Schaffert, N., Janzen, T. B., Mattes, K., & Thaut, M. H. (2019). A review
on the relationship between sound and movement in sports and
rehabilitation. Frontiers in Psychology, 10, 244.

95UB017 SUOWIWOD BA 11810 3|qeot dde aup Aq peusenob e sajoiie YO 8SN JO S8|nJ 10} ARIq1T8UIUO 8|1 UO (SUOTHPUOO-PUR-SLUIBY/WIOD A8 |1 Ale.d 1 Bu [Uo//Scy) SUOTIPUOD pue SWie 1 8y} 885 [202/TT/80] Uo ARiqiauluo 8|1 ‘(-uleAnde) aqnopesy Ad 268y T SeAU/TTTT OT/I0p/W00" A3 1M Aleiqpuljuo'sqndseAu;/sdny woiy pepeojumoa ‘T ‘2202 ‘2€996v.LT


https://doi.org/10.1038/srep42005
https://doi.org/10.1177/2059204321997709
https://doi.org/10.1177/2059204321997709

ANNALS OF THE NEW YORK ACADEMY OF SCIENCES

23

64.

65.

66.

67.

68.

69.

70.

71
72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Effenberg, A. O., Fehse, U., Schmitz, G., Krueger, B., & Mechling, H.
(2016). Movement sonification: Effects on motor learning beyond
rhythmic adjustments. Frontiers in Neuroscience, 10, 219.

Bevilacqua, F.,, Boyer, E. O., Francoise, J., Houix, O., Susini, P., Roby-
Brami, A. S., & Hanneton, S. (2016). Sensori-motor learning with
movement sonification: Perspectives from recent interdisciplinary
studies. Frontiers in Neuroscience, 10, 385.

Peeters, M. M. M., Harbers, M., & Neerincx, M. A. (2016). Designing
a personal music assistant that enhances the social, cognitive, and
affective experiences of people with dementia. Computers in Human
Behavior, 63,727-737.

Bégel, V, Seilles, A., & Dalla Bella, S. (2018). Rhythm Workers: A
music-based serious game for training rhythm skills. Music & Science.
https://doi.org/10.1177/2059204318794369

Dotov, D. G., Cochen De Cock, V. R., Geny, C., lhalainen, P,, Moens, B.,
Leman, M., Bardy, B. T,, & Dalla Bella, S. (2019). The role of interac-
tion and predictability in the spontaneous entrainment of movement.
Journal of Experimental Psychology: General, 148, 1041-1057.

Dalla Bella, S., Dotov, D., Bardy, B., & de Cock, V. C. (2018). Indi-
vidualization of music-based rhythmic auditory cueing in Parkinson’s
disease. Annals of the New York Academy of Sciences, 1423, 308-317.
Cancer, A, Sarti, D., de Salvatore, M., Granocchio, E., Rosaria Chieffo,
D. P, & Antonietti, A. (2021). Dyslexia telerehabilitation during
the COVID-19 pandemic: Results of a rhythm-based intervention
for reading. Children (Basel), 8(11), 1011. https://doi.org/10.3390/
children8111011

Nielsen, J. (1994). Usability engineering. Morgan Kaufmann.

Segura, E., Grau-Sanchez, J., Sanchez-Pinsach, D., De la Cruz, M,,
Duarte, E., Arcos, J. L., & Rodriguez-Fornells, A. (2021). Designing an
app for home-based enriched music-supported therapy in the reha-
bilitation of patients with chronic stroke: A pilot feasibility study.
Brain Injury, 35, 1585-1597.

Fisk, D., Charness, N., Czaja, S. J., & Sharit, J. (2009). Designing for
Older Adults: Principles and Creative Human Factors Approaches. (2
ed.) (Human Factors and Aging Series). CRC Press. https://doi.org/10.
1201/9781420080681

Schulz, R., Wahl, H.-W., Matthews, J. T., De Vito Dabbs, A., Beach, S.
R., & Czaja, S. J. (2015). Advancing the aging and technology agenda
in gerontology. Gerontologist, 55, 724-734.

Blacquiere, D., Lindsay, M. P, Foley, N., Taralson, C., Alcock, S.,
Balg, C., Bhogal, S., Cole, J., Eustace, M., Gallagher, P, Ghanem,
A., Hoechsmann, A., Hunter, G., Khan, K., Marrero, A., Moses, B.,
Rayner, K., Samis, A., Smitko, E., ... Silver, F. L. (2017). Canadian
Stroke Best Practice Recommendations: Telestroke Best Practice
Guidelines Update 2017. International Journal of Stroke, 12, 886-
895.

Galea, M. D. F. (2019). Telemedicine in rehabilitation. Physical
Medicine and Rehabilitation Clinics, 30, 473-483.

National Institute for Health and Care Excellence. (2022).
https://www.nice.org.uk/about/nice-communities/nice-and-
the-public/public-involvement/public-involvement-programme/
patient-public-involvement-policy

Grau-Sanchez, J.,, Mlinte, T. F, Altenmdller, E., Duarte, E., &
Rodriguez-Fornells, A. (2020). Potential benefits of music playing in
stroke upper limb motor rehabilitation. Neuroscience and Biobehav-
ioral Reviews, 112,585-599.

Bigand, E., & Tillmann, B. (2022). Near and far transfer: Is music
special? Memory & Cognition, 50, 339-347.

Degé, F. (2021). Music lessons and cognitive abilities in children: How
far transfer could be possible. Frontiers in Psychology, 11, 557807.
https://doi.org/10.3389/fpsyg.2020.557807

Jancke, L. (2012). The relationship between music and language.
Frontiers in Psychology, 3, 123. https://doi.org/10.3389/fpsyg.2012.
00123

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Gordon, R. L., Shivers, C. M., Wieland, E. A., Kotz, S. A, Yoder, P. J,,
& Devin Mcauley, J. (2015). Musical rhythm discrimination explains
individual differences in grammar skills in children. Developmental
Science, 18, 635-644.

Patel, A. D. (2011). Why would musical training benefit the neural
encoding of speech? The OPERA hypothesis. Frontiers in Psychology,
2,142. https://doi.org/10.3389/fpsyg.2011.00142

Gerry, D., Unrau, A., & Trainor, L. J. (2012). Active music classes
in infancy enhance musical, communicative and social development.
Developmental Science, 15, 398-407.

Moreno, S., Bialystok, E., Barac, R., Schellenberg, E. G., Cepeda,
N. J, & Chau, T. (2011). Short-term music training enhances ver-
bal intelligence and executive function. Psychological Science, 22,
1425-1433.

Frischen, U., Schwarzer, G., & Degg, F. (2019). Comparing the effects
of rhythm-based music training and pitch-based music training on
executive functions in preschoolers. Frontiers in Integrative Neuro-
science, 13, 41. https://doi.org/10.3389/fnint.2019.00041

Degé, F.(2021). Music lessons and cognitive abilities in children: How
far transfer could be possible. Frontiers in Psychology, 11, 557807.
https://doi.org/10.3389/fpsyg.2020.557807

Degé, F., & Schwarzer, G. (2011). The effect of a music pro-
gram on phonological awareness in preschoolers. Frontiers in
Psychology, 2, 124. https://doi.org/10.3389/fpsyg.2011.00124
Flaugnacco, E., Lopez, L., Terribili, C., Montico, M., Zoia, S., & Schén, D.
(2015). Music training increases phonological awareness and reading
skills in developmental dyslexia: A randomized control trial. PLoS One,
10,e0138715.

Patscheke, H., Degé, F., & Schwarzer, G. (2016). The effects of train-
ing in music and phonological skills on phonological awareness in 4-
to 6-year-old children of immigrant families. Frontiers in Psychology, 7,
1647. https://doi.org/10.3389/fpsyg.2016.01647

Zatorre, R. J,, Chen, J. L., & Penhune, V. B. (2007). When the brain
plays music: Auditory-motor interactions in music perception and
production. Nature Reviews Neuroscience, 8, 547-558.

Baumann, S., Koeneke, S., Schmidt, C. F.,, Meyer, M., Lutz, K., & Jancke,
L. (2007). A network for audio-motor coordination in skilled pianists
and non-musicians. Brain Research, 1161, 65-78.

Baumann, S. (2005). A network for sensory-motor integration: What
happens in the auditory cortex during piano playing without acoustic
feedback? Annals of the New York Academy of Sciences, 1060, 186-188.
Daausilio, A., Brunetti, R., Delogu, F., Santonico, C., & Belardinelli,
M. O. (2010). How and when auditory action effects impair motor
performance. Experimental Brain Research, 201, 323-330.

Lahav, A, Saltzman, E., & Schlaug, G. (2007). Action representation
of sound: Audiomotor recognition network while listening to newly
acquired actions. Journal of Neuroscience, 27, 308-314.

Zimmerman, E., & Lahav, A. (2012). The multisensory brain and its
ability to learn music. Annals of the New York Academy of Sciences,
1252,179-184.

Bangert, M., Peschel, T., Schlaug, G., Rotte, M., Drescher, D., Hinrichs,
H., Heinze, H.-J., & Altenmidiller, E. (2006). Shared networks for audi-
tory and motor processing in professional pianists: Evidence from
fMRI conjunction. Neuroimage, 30, 917-926.

Chatterjee, D., Hegde, S., & Thaut, M. (2021). Neural plasticity:
The substratum of music-based interventions in neurorehabilitation.
Neurorehabilitation, 48, 155-166.

Thaut, M. H,, Leins, A. K,, Rice, R. R, Argstatter, H., Kenyon, G. P,
Mcintosh, G. C., Bolay, H. V., & Fetter, M. (2007). Rhythmic auditory
stimulation improves gait more than NDT/Bobath training in near-
ambulatory patients early poststroke: A single-blind, randomized
trial. Neurorehabilitation and Neural Repair, 21, 455-459.

Salimpoor, V. N,, Benovoy, M., Larcher, K., Dagher, A., & Zatorre, R.
J.(2011). Anatomically distinct dopamine release during anticipation

95UB017 SUOWIWOD BA 11810 3|qeot dde aup Aq peusenob e sajoiie YO 8SN JO S8|nJ 10} ARIq1T8UIUO 8|1 UO (SUOTHPUOO-PUR-SLUIBY/WIOD A8 |1 Ale.d 1 Bu [Uo//Scy) SUOTIPUOD pue SWie 1 8y} 885 [202/TT/80] Uo ARiqiauluo 8|1 ‘(-uleAnde) aqnopesy Ad 268y T SeAU/TTTT OT/I0p/W00" A3 1M Aleiqpuljuo'sqndseAu;/sdny woiy pepeojumoa ‘T ‘2202 ‘2€996v.LT


https://doi.org/10.1177/2059204318794369
https://doi.org/10.3390/children8111011
https://doi.org/10.3390/children8111011
https://doi.org/10.1201/9781420080681
https://doi.org/10.1201/9781420080681
https://www.nice.org.uk/about/nice-communities/nice-and-the-public/public-involvement/public-involvement-programme/patient-public-involvement-policy
https://www.nice.org.uk/about/nice-communities/nice-and-the-public/public-involvement/public-involvement-programme/patient-public-involvement-policy
https://www.nice.org.uk/about/nice-communities/nice-and-the-public/public-involvement/public-involvement-programme/patient-public-involvement-policy
https://doi.org/10.3389/fpsyg.2020.557807
https://doi.org/10.3389/fpsyg.2012.00123
https://doi.org/10.3389/fpsyg.2012.00123
https://doi.org/10.3389/fpsyg.2011.00142
https://doi.org/10.3389/fnint.2019.00041
https://doi.org/10.3389/fpsyg.2020.557807
https://doi.org/10.3389/fpsyg.2011.00124
https://doi.org/10.3389/fpsyg.2016.01647

24

ANNALS OF THE NEW YORK ACADEMY OF SCIENCES

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

112.

113.

114.

115.

116.

and experience of peak emotion to music. Nature Neuroscience, 14,
257-262.

Lindvall, O., Bjorklund, A., Moore, R. Y., & Stenevi, U. (1974). Mesen-
cephalic dopamine neurons projecting to neocortex. Brain Research,
81,325-331.

Luft, A. R,, & Schwarz, S. (2009). Dopaminergic signals in primary
motor cortex. International Journal of Developmental Neuroscience, 27,
415-421.

Bao, S., Chan, V. T., & Merzenich, M. M. (2001). Cortical remodelling
induced by activity of ventral tegmental dopamine neurons. Nature,
412,79-83.

Molina-Luna, K., Pekanovic, A., Rohrich, S., Hertler, B., Schubring-
Giese, M., Rioult-Pedotti, M.-S., & Luft, A. R. (2009). Dopamine in
motor cortex is necessary for skill learning and synaptic plasticity.
PLoS One, 4,e7082.

Abe, M., Schambra, H., Wassermann, E. M., Luckenbaugh, D.,
Schweighofer, N., & Cohen, L. G. (2011). Reward improves long-term
retention of a motor memory through induction of offline memory
gains. Current Biology, 21,557-562.

Galea, J. M, Mallia, E., Rothwell, J., & Diedrichsen, J. (2015). The dis-
sociable effects of punishment and reward on motor learning. Nature
Neuroscience, 18, 597-602.

Nikooyan, A. A., & Ahmed, A. A. (2015). Reward feedback accelerates
motor learning. Journal of Neurophysiology, 113, 633-646.

Wachter, T., Lungu, O. V., Liu, T., Willingham, D. T., & Ashe, J. (2009).
Differential effect of reward and punishment on procedural learning.
Journal of Neuroscience, 29, 436-443.

Floel, A., Hummel, F,, Breitenstein, C., Knecht, S., & Cohen, L. G.
(2005). Dopaminergic effects on encoding of a motor memory in
chronic stroke. Neurology, 65,472-474.

Scheidtmann, K., Fries, W., Miiller, F., & Koenig, E. (2001). Effect of lev-
odopa in combination with physiotherapy on functional motor recov-
ery after stroke: A prospective, randomised, double-blind study.
Lancet, 358,787-790.

Ford, G. A, Bhakta, B. B., Cozens, A, Hartley, S., Holloway, I., Meads,
D., Pearn, J., Ruddock, S., Sackley, C. M., Saloniki, E.-C., Santorelli,
G., Walker, M. F, & Farrin, A. J. (2019). Safety and efficacy of
co-careldopa as an add-on therapy to occupational and physical ther-
apy in patients after stroke (DARS): A randomised, double-blind,
placebo-controlled trial. Lancet Neurology, 18, 530-538.

Stinear, C. M. (2019). Dopamine for motor recovery after stroke:
Where to from here? Lancet Neurology, 18,514-515.

Moher, D., Hopewell, S., Schulz, K. F., Montori, V., Gotzsche, P. C.,
Devereaux, P. J., Elbourne, D., Egger, M., & Altman, D. G. (2010).
CONSORT 2010 explanation and elaboration: Updated guidelines
for reporting parallel group randomised trials. BMJ, 340, c869.
Campbell, M. (2000). Framework for design and evaluation of com-
plex interventions to improve health. BMJ, 321, 694-696.
Skivington, K., Matthews, L., Simpson, S. A,, Craig, P, Baird, J., Blazeby,
J.M,, Boyd, K. A, Craig, N., French, D. P, Mcintosh, E., Petticrew, M.,
Rycroft-Malone, J. O., White, M., & Moore, L. (2021). Framework for
the development and evaluation of complex interventions: Gap anal-
ysis, workshop and consultation-informed update. Health Technology
Assessment, 25,1-132.

Thaut, M. H., Gardiner, J. C., Holmberg, D., Horwitz, J., Kent, L.,
Andrews, G., Donelan, B., & Mcintosh, G. R. (2009). Neurologic music
therapy improves executive function and emotional adjustment in

117.

118.

119.

120.

121.

122.

123.

124.

125.

traumatic brain injury rehabilitation. Annals of the New York Academy
of Sciences, 1169,406-416.

Thaut, M. H., Mcintosh, G. C., & Hoemberg, V. (2015). Neurobiological
foundations of neurologic music therapy: Rhythmic entrainment and
the motor system. Frontiers in Psychology, 5, 1185. https://doi.org/10.
3389/fpsyg.2014.01185

Thaut, M. H., Francisco, G., & Hoemberg, V. (2021). Editorial: The
clinical neuroscience of music: Evidence based approaches and neu-
rologic music therapy. Frontiers in Neuroscience, 15, 740329. https://
doi.org/10.3389/fnins.2021.740329

Gold, C. (2015). Quantitative psychotherapy outcome research:
Methodological issues. In O. C. Gelo, A. Pritz, & B. Rieken, (Eds.), Psy-
chotherapy research: Foundations, process, and outcome (pp. 537-558).
Springer.

Loudon, K., Treweek, S., Sullivan, F., Donnan, P, Thorpe, K. E.,, &
Zwarenstein, M. (2015). The PRECIS-2 tool: Designing trials that are
fit for purpose. BMJ, 350, h2147.

Thorpe, K. E., Zwarenstein, M., Oxman, A. D., Treweek, S., Furberg,
C. D,, Altman, D. G,, Tunis, S., Bergel, E., Harvey, I, Magid, D. J., &
Chalkidou, K. (2009). A pragmatic-explanatory continuum indicator
summary (PRECIS): A tool to help trial designers. Journal of Clinical
Epidemiology, 62, 464-475.

Bieleninik, L., Geretsegger, M., Méssler, K., Assmus, J., Thompson, G.,
Gattino, G,, Elefant, C., Gottfried, T., Igliozzi, R., Muratori, F., Suvini,
F., Kim, J., Crawford, M. J., Odell-Miller, H., Oldfield, A., Casey, O.,
Finnemann, J., Carpente, J., Park, A-L., ... Gold, C. (2017). Effects of
improvisational music therapy vs enhanced standard care on symp-
tom severity among children with autism spectrum disorder: The
TIME-A randomized clinical trial. JAMA, 318, 525-535.

Gaden, T.S., Ghetti, C., Kvestad, |., Bieleninik, L., Stordal, A.S., Assmus,
J.,Arnon, S., Elefant, C., Epstein, S., Ettenberger, M., Lichtensztejn, M.,
Lindvall, M. W., Mangersnes, J., Rged, C. J., Vederhus, B. J., & Gold, C.
(2022). Short-term music therapy for families with preterm infants:
A randomized trial. Pediatrics, 149(2), €2021052797. https://doi.org/
10.1542/peds.2021-052797

Baker, F. A, Lee, Y.-E. C,, Sousa, T. V., Stretton-Smith, P. A., Tamplin,
J., Sveinsdottir, V., Geretsegger, M., Wake, J. D., Assmus, J., & Gold,
C. (2022). Clinical effectiveness of music interventions for demen-
tia and depression in elderly care (MIDDEL): Australian cohort of
an international pragmatic cluster-randomised controlled trial. The
Lancet Healthy Longevity, 3(3), e153-e165. https://doi.org/10.1016/
S$2666-7568(22)00027-7

Crawford, M. J,, Barnicot, K., Patterson, S., & Gold, C. (2016). Negative
results in phase 1l trials of complex interventions: Cause for concern
or just good science? British Journal of Psychiatry, 209, 6-8.

How to cite this article: Grau-Sanchez, J., Jamey, K.,

Paraskevopoulos, E., Dalla Bella, S., Gold, C., Schlaug, G.,
Belleville, S., Rodriguez-Fornells, A., Hackney, M. E., &

Sarkamo, T. (2022). Putting music to trial: Consensus on key

methodological challenges investigating music-based
rehabilitation. Ann NY Acad Sci., 1518, 12-24.
https://doi.org/10.1111/nyas.14892

95UB017 SUOWIWOD BA 11810 3|qeot dde aup Aq peusenob e sajoiie YO 8SN JO S8|nJ 10} ARIq1T8UIUO 8|1 UO (SUOTHPUOO-PUR-SLUIBY/WIOD A8 |1 Ale.d 1 Bu [Uo//Scy) SUOTIPUOD pue SWie 1 8y} 885 [202/TT/80] Uo ARiqiauluo 8|1 ‘(-uleAnde) aqnopesy Ad 268y T SeAU/TTTT OT/I0p/W00" A3 1M Aleiqpuljuo'sqndseAu;/sdny woiy pepeojumoa ‘T ‘2202 ‘2€996v.LT


https://doi.org/10.3389/fpsyg.2014.01185
https://doi.org/10.3389/fpsyg.2014.01185
https://doi.org/10.3389/fnins.2021.740329
https://doi.org/10.3389/fnins.2021.740329
https://doi.org/10.1542/peds.2021-052797
https://doi.org/10.1542/peds.2021-052797
https://doi.org/10.1016/S2666-7568(22)00027-7
https://doi.org/10.1016/S2666-7568(22)00027-7
https://doi.org/10.1111/nyas.14892

	Putting music to trial: Consensus on key methodological challenges investigating music-based rehabilitation
	Abstract
	INTRODUCTION
	TREATMENT
	Defining music-based rehabilitation in research
	Determining control treatments
	Tailoring
	The use of technology

	OUTCOMES
	Selecting appropriate outcomes in neurological music-based rehabilitation studies
	Considering individual differences
	Theory-based predictions for targeted outcomes

	RESEARCH DESIGNS AND LEVELS OF EVIDENCE
	Considering the framework for the development and evaluation of complex interventions
	Stronger methodological rigor in designing and reporting longitudinal studies

	IMPLEMENTATION OF MUSIC-BASED INTERVENTIONS IN CLINICAL SETTINGS
	CONCLUSIONS
	ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	COMPETING INTERESTS
	ORCID
	PEER REVIEW

	REFERENCES


