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ABSTRACT @ OPEN ACCESS

Acquired brain injury is a leading cause of disability worldwide. The most common outcome of acquired brain injury
is cognitive impairment and has significant impact on the life of the individual and their caregivers. Cognitive
impairment can impede participation in Activities of Daily Living and the return to work, school, or leisure activities.
Research and the development of effective cognitive rehabilitation interventions is needed. Literature regarding
the cognitive neural networks engaged during music perception or production, plus the literature discussing
enhancement of a range of non-music specific cognitive abilities of musicians support the idea of music-based
interventions for cognitive rehabilitation. Brain injury also results in increased anxiety and depression. A major
contributor to post-brain injury depression is a reduced sense of self-concept. This paper discusses cognitive
impairment following a brain injury and evidence of music’'s engagement of non-musical cognitive process as the
theoretical bases for the effectiveness of Therapeutic Music Training, a music-based cognitive rehabilitation
intervention that uses learning to play the piano to address cognitive goals following an acquired brain injury. It
also discusses a secondary benefit of Therapeutic Music Training of improved self-concept and self-esteem and

reduced depression as a result of learning to play an instrument.
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Introduction
Acquired brain injury (ABI) is a leading cause of disability. The scope of injury outcomes and their severity is based on

the site(s) and distribution of the injury. A traumatic brain injury (TBI) is a result of a blow or force to the brain such as a
fall or automobile accident. Stroke or a lack of oxygen are examples of a non-traumatic brain injury. It is estimated that
globally, 50-60 million people sustain a traumatic brain injury (TBI) each year ' and 12 million experience a stroke. 2
The most common outcome following an ABI is cognitive impairment 37 and is evident in deficits in processing speed,
various forms of attention, working memory, memory, and executive functioning (EF)8-15. Executive functioning is a high-
level cognitive process that includes the ability to plan, organize, and initiate a response. It enables a person to shift from
one task to another (set shift), inhibit an automated response, and update information from working memory'é. An
individual with cognitive impairment may experience difficulty with memory, remaining on task, following directions at
work or school, correctly sequencing steps in a task such as self-care or meal preparation, tracking conversation, inhibiting
a response, or with new learning. Mood swings, increased distractibility and perseveration of speech or behaviour may
also be present. These challenges can impede progress in rehabilitation therapies, gaining independence in Activities of
Daily Living (ADLs), returning to school, work, or leisure activities and can negatively impact social relationships!417-19,
Cognitive impairment is reported by caregivers as most significant source of stress post-ABI11.20-22, Dye to the profound
negative impact of cognitive impairment of the life of individual and their caregivers, it is imperative to have ongoing
research and development of effective, evidence-based cognitive rehabilitation interventions. Due to the wide distribution
of non-music-specific cognitive brain sites engaged in music perception and production23-26 and evidence of musicians’
enhanced cognitive abilities?7-32, music-based cognitive rehabilitation interventions may be an effective tool to address
cognitive rehabilitation goals. Cognitive rehabilitation interventions that include music training can also provide the

psychological benefit of improved self-concept as a result of the music instrument playing skills gained in the intervention.

As noted, cognitive impairment results in deficits in a range of cognitive processes including attention, working memory,
and EF. Due to the role of prefrontal cortex (PFC) in cognitive functioning, interventions used for the remediation of
cognitive processes should be informed by theories of cognition and designed to target the PFC and attentional processes

as the primary goals of treatment.

The PFC has extensive network connections distributed throughout the brain including sensory neocortical, motor, and
subcortical areas and thus is involved in several cognitive processes and goal-directed behaviour433-35 | This widespread
network distribution results in the PFC’s role of executive control and enables it to direct attention, memory, and motor
processes towards a common goal. Goal-directed behaviour is foundational to the PFC’s cognitive control and tasks
requiring goal-directed behaviour should be a key aspect of cognitive rehabilitation interventions. Traumatic brain injury
and the associated diffuse axonal tearing can result in a disconnection of brain networks resulting in a range of
impairment or deficit. Goal-directed behaviour tasks support PFC engagement and the potential for reorganization of

disrupted networks.

It is important to note that mechanisms for cognitive control can be “sculpted by experience” and therefore can be
influenced by training36. Several studies have provided evidence of the brain’s neuroplastic response and cognitive
benefit of rehabilitation37-4!. Key components of driving neuroplasticity include repetition, intensity, and effortful

engagement.
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Although often separated in the literature, working memory, attention and EF are functionally interconnected. Attention,
however, is foundational to memory and EF and therefore is an important initial target in cognitive rehabilitation. Because

attention and working memory overlap4?, tasks involving working memory can also benefit attentional processes.

Music-based cognitive rehabilitation

Due to the scope of impact of cognitive impairment, it is crucial to have on-going exploration and development of
effective cognitive rehabilitation interventions. Music-based interventions can provide a unique and powerful stimulus to
engage cognitive processes of the injured brain. Research of attentional and EF processes engaged during music
perception or production provide evidence for the use of music-based interventions to target these processes to remediate
cognitive impairment. 43-47 For example, the cingulate and insular and cerebellar areas, engaged in melody and rhythm
perception, are linked to the salience network of the brain proposed to support attention and EF processes that are non-
music specific45. Rhythm may influence attentional processes due to its temporal component and chunking of information,
reflecting the memory system process of chunking of non-musical information4448 and also by synchronizing with attention
oscillations4?. Several studies demonstrate music-based cognitive rehabilitation tasks engage and improve attention and

EF processing.45:48:50,51

The influence of music on cognition is supported by studies demonstrating enhanced domain-general cognitive processes
of musicians including enhanced mathematical, verbal and non-verbal skills, and non-musical working memory27-29.52,
Several studies demonstrate musician’s enhanced sustained attention, cognitive control, and EF27.30.53 and increased local
functional connectivity in the brain’s salience system, associated with cognitive control and attention3!. Taken together,
these studies support the cognitive benefit of music training and thus, its potential to address cognitive goals for the

individual with impaired attention or EF.

A neuroplastic response to music-training is evidenced by studies reporting an anatomical change in the brain with an
increase in grey matter. Music training and the subsequent required practice was found to be positively and significantly
associated with volume of the inferior frontal cortex and parahippocampus, brain sites that play a role in language,
working memory, learning and emotion34. Another study investigating music training, specifically on the piano, found grey
matter increase in areas known to be involved in higher level cognitive function such as working memory and EF and
included the right fusiform gyrus, right mid orbital gyrus, left inferior frontal gyrus, left intraparietal sulcus and bilateral
posterior cerebellar Crus I155. The structural difference between musician’s and non-musician’s brains demonstrate the
effect of long-term practice32 and highlights the importance of repetition, frequency and intensity, for a neuroplastic
response. Therapeutic Music Training, due to learning to play an instrument and the assigned practice between sessions,

supports the on-going stimulus for a neuroplastic response of target cognitive functions.

Therapeutic Music Training and cognitive rehabilitation

Therapeutic Music Training (TMT) is a music-based model of cognitive rehabilitation that uses music training, learning to
play the piano, to address cognitive goals. It is grounded in theories of attention and cognition, literature regarding music

training’s engagement of attentional and EF processes and is informed by clinical experience.
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The piano was chosen as the instrument for TMT as tasks can be adapted for one or both hands and involves the reading
of 2 clefs (Treble and Bass). Alternating between hands or clefs, and the simultaneous playing of hands or of reading

clefs provides a greater range of potential cognitive tasks and an increased cognitive load as required.

The goal of TMT is to remediate impaired cognitive processes by driving and strengthening the neural systems involved
in working memory, attention, and EF. TMT contrasts with adapted piano lessons as the goal of TMT is cognitive
rehabilitation rather than musical performance with lessons adapted to the students’ ability. TMT is distinct from other
forms of music-based interventions as it involves learning music and executing notation rather than exercises of responding

to musical cues.

Informed by theories of attention and cognition, TMT design includes the following protocol:
1. Stimulation of top-down processing to engage the PFC through:
a. detection and response to target stimulus to engage attentional process
and cognitive control networks.
b. Goal-directed behaviour
c. Effortful processing
2. Engagement of working memory
3. Target specific forms of attention as identified by Sohlberg and Mateer 3¢ and includes focused, sustained, and
selective attention.
4. Tasks are implemented following the hierarchy of attention and cognition, beginning at the level appropriate to the
patient’s current level of need.
5. Tasks are shaped according to the patient’s progress, with increasing complexity and novelty to ensure ongoing
placement of demands on, and engagement of, attentional and EF processes.
6. Task targets are varied and include focus on melody, rhythm, or harmony to support continued engagement of
attentional processes.
7. Consideration is given to frequency and intensity of treatment to ensure stimulus required for experience-driven

neuroplastic response of remediation.

Because of the PFC’s role in executive control and its wide network distribution and the foundational role of attention to
coghnitive functioning, the primary goal of TMT is to target the PFC and attentional processes using various aspects involved
in learning to play the piano to intentionally recruit and drive these processes to remediate and improve their functioning.
Learning to play an instrument provides the goal-directed behaviour required to recruit the PFC and strengthen cognitive

control.

Because music processing is widely distributed throughout the brain23.25.26,3254,55  qctive engagement in producing music
can engage the PFC and may provide stimulus for a neuroplastic response of reorganization of neural networks disrupted
due to ABI. This is supported by a study comparing musicians to non-musicians that found musicians exhibited increased
functional connectivity in 10 regions, most in the salience system associated with cognitive control and attention. 3! The
timeline to learn an instrument and the practice assigned between sessions provide the frequency and intensity to support

a neuroplastic change in the cognitive rehabilitation target functions. In contrast to a short-term music-based activity
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treatment or sessions that involve responding to music cues, TMT provides a long -term, consistent source of neural

stimulation.

The multimodal sensory information integrated to decode notation, initiate a specific response, monitor and modify the
response as required, and track on-going information places demands on the prefrontal cortex and targets the cognitive
processes of working memory, various forms of attention, EF, and memory. The PFC is recruited through top-down
processing of target selection (notation), goal-directed behaviour (striking the correct piano key and for the correct
duration), and self-monitoring and error detection (assessing note accuracy). Working memory is involved in holding the
decoded note in memory while decision-making and finding the corresponding piano key. Monitoring of response and
error detection assesses and compares visual (notation) and auditory (note pitch of key struck) information, as well as
incorporating motor systems. Selective attention selects the goal-relevant note to play next, suppressing irrelevant written
data on the page while sustained attention is engaged during the tracking notation across a specific number of music
bars. All aspect of note decoding and executing the correct response on the keyboard engage PFC processes of cognitive
control. Research evidence demonstrates music’s influence on the PFC 4448 and also the engagement and improvement of

attention and EF with piano training37.58,

Motor planning is involved in TMT, further engaging the PFC and resulting in a widely distributed neurological arousal
for the injured brain. Depending on the post-ABl motor abilities of the patient, TMT may involve one or both hands,

potentially also providing further bi-hemispheric engagement.

Effortful processing is required in cognitive rehabilitation tasks to ensure actions are performed with attention and
awareness rather than an unconscious effort due to an “overlearned” task3®. Demands can be made for effortful
processing by providing new, varied, and increasingly more complex tasks. At times the effort required may be a result
of attempts to suppress distraction. Effortful processing can strengthen cognitive control, in which a deficit in, is the root

of several attentional impairments.°

TMT tasks involved in learning to play the piano includes a wide variety of songs and music-based tasks gradually
increasing in difficulty to provide an on-going stimulus and effortful engagement of target cognitive processes and to
prevent a “practice effect of over-rehearsed tasks”. The resulting varied musical repertoire is a strong motivator for the
individual to remain in therapy for an extended period and to experience the potential cognitive benefits. The practice
of tasks between sessions through assigned homework provides the repetition required to drive and strengthen the target

cognitive processes and supports experience-driven neuroplastic change.

TMT engages of the PFC, working memory, attentional processes and EF and provides opportunity for the repetition
required to stimulate a neuroplastic response and strengthening of impaired cognitive processes. Tasks become
increasingly more complex requiring continuous effortful attention to ensure the target cognitive processes are actively
engaged and behaviour does not default to an automatic response without demand on these processes. The neural
engagement of music processing and music creation, and the intrinsic motivation and pleasure involved in playing an

instrument, contribute to the effectiveness of TMT as a cognitive rehabilitation intervention.

Medical Research Archives | https://doi.org/10.18103 /mra.2026.0428 6



https://doi.org/10.18103/mra.2026.0428

THE EUROPEAN SOCIETY OF MEDICINE

Therapeutic Music Training and improved self-concept

Although TMT was developed as an intervention to remediate cognitive deficits, an unexpected secondary benefit
became evident through spontaneous patient and caregiver feedback regarding their participation in TMT. In addition
to progress in cognitive goals, improved mood and self-esteem were consistently reported. The impact of cognitive
impairment and other post-ABIl outcomes had resulted in individuals experiencing a loss of their self-concept, leading to

feelings of low mood and depression. TMT contributed to the development of a new self-concept.

Self-concept is described as a person’s belief about their functioning in various life contexts such as physical or social®!
and the attributes they possess®2. Self-concept may be divided into three domains: the actual self, attributes a person
believes they have, the ideal self, the self the person desires to be, and the ought self, the self the person believes they
should beé2, Although “self-concept” and “self-esteem” are often interchanged in the literature, self-esteem implies self-

evaluation based on self-concept.

The outcomes of an ABI can have significant impact on the person’s life and their ability to successfully participate in pre-
brain injury activities such as work, school, leisure, or ADLs. The individual often experiences grieving for the person they
were before the injury and may view life as “then and now” or “before the injury and after”. The discrepancy between
these two concepts of self can result in feelings of discomfort, with the greater the discrepancy resulting in a greater level
of discomforté2, The pre-and post-injury contrast can lead to depression or anxiety®3-¢7, Individuals living with an ABI

have a higher rate of depression than the general populationé7-69

Following an ABI, an individual may no longer be able to engage in activities that defined for them their identity such as
their career choice, activities of leisure, and social networks. They may no longer be able to identify as an “engineer”,
“soccer player” or “university student”. A change in role can cause difficulty in relationships and bring feelings of guilt,
anger, or depression. Certain tasks that pre-injury may have been easy, may become hard or impossible post-injury.
Depending on the severity of ABI outcomes, a person may need assistance with ADLs and self-care leading to a loss of

independence which can contribute to a loss of self-esteem.

Because of the post-ABI levels of depression and loss of self-concept, rehabilitation treatment plans should include the
goal of establishing a new self-concept. Redefining oneself can support adjustment and coping post-ABI and can help
reduce feelings of depression and anxiety. Creating and accepting a new self-concept can increase optimism regarding

the future and the courage to explore new post-ABl opportunities.

Therapeutic Music Training can be used to support the development of a new self-concept following ABI due to three
factors: cognitive gains, learning a new skill, and expanding participation in music-based activities. The cognitive gains
made through TMT sessions can serve to improve self-esteem and confidence and improve mood. As progress in attention
and EF improved, comments from patients participating in TMT indicated an awareness of the improvement and there
was an increase in self-affirming statements and reduced depression. Success and improved self-esteem can support the

acceptance of the “new self” post-ABI.

An individual may experience reduction or loss of abilities following an ABI which can contribute to the sense of “I can do

nothing” or “l have little or no skill(s)”. Feedback from most TMT participants indicated that prior to TMT their self-
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evaluation was “l have no skills post-ABI”. Tasks that pre-ABlI may have required little effort may now demand more or
may be inaccessible. During rehabilitation and the adjustment to a new reality of self, it is important that the individual
has opportunity to develop new skills and to recognize that there can be success and personal growth after a brain injury.
TMT can provide the opportunity to learn to play the piano. Sessions are designed to meet and develop the patient’s
cognitive abilities and are paced and shaped according to patient need. In the supportive context of rehabilitation
therapy, the individual is learning a new skill. This can contribute to a new self-concept that includes being a musician,
someone who plays an instrument. The success in learning a new skill has given several participants of TMT the confidence

to explore new learning in other settings and activities, further developing a new self-concept post -ABI.

Playing an instrument can led to an expanding interest in other musical activities such as exploring various musical genres,
learning another instrument, singing, or composing. This expanding musical interest further supports a new self-concept
that includes being a musician. An important benefit of increased musical engagement is the inherit expressive qualities
of music and the opportunity for the individual to use music as an expressive outlet for communication and self-reflection.
Self-expression through music can serve to reduce feelings of depression, anxiety, or isolation as the music enables one

to share and release emotions that may be difficult or impossible to express through words alone.

The secondary benefit of TMT on psychosocial health is an important aspect of the individual’s rehabilitation journey,
providing encouragement and motivation not only for rehabilitation therapies they are participating in, but also for life
itself. TMT’s contribution to a new self-concept and improved self-esteem, in addition addressing cognitive goals, make it

an important intervention in rehabilitation following brain injury.

Future directions

Although research provides evidence of the cognitive benefits of music, there is sparse literature regarding music-based
cognitive rehabilitation and a very small number of studies have specifically investigated the use of music training, in

particular, learning to play the piano, to address cognitive goals. 48:50.57.58

More research is needed regarding the intentional application of music training to target cognitive deficits. Most studies
investigating the benefit of music-based cognitive rehabilitation used short timelines of 5-8 weeks and included
participants with mild brain injuries. Longitudinal studies are needed to provide enough time for frequency and intensity
of treatment to support a neuroplastic response and generalization of gains beyond the music context. Individuals who
have sustained a moderate to severe ABI typically demonstrate greater cognitive impairment and thus, have a greater
need to be addressed in rehabilitation. Studies should be designed to include and accommodate participants with

moderate-severe ABI.

More translational research, in collaboration with clinicians working in rehabilitation, is needed. Studies in collaboration
with allied healthcare professionals such as Occupational Therapy, could explore a team approach to rehabilitation and
interdisciplinary support and reinforcement of the music-based cognitive rehabilitation to investigate any benefit to

timeline of gains or generalization.

Most cognition studies use standardized neuropsychological tests for pre-and post-measures. However, ABl outcomes can

make completion of many of these measures very challenging for the individual. Although these challenges in themselves
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provide valuable information, studies that include measures of functional gains instead of, or in addition to, standardized

tests may provide important data not captured on standardized measures.

Well -designed qualitative studies can contribute important data fo investigations into cognitive rehabilitation and the
development of effective interventions. Surveys and semi-formal interviews can provide valuable data that can inform
the development and implementation of rehabilitation interventions by highlighting cognitive and non-cognitive needs

from the perspective of the individuals receiving therapies.

Literature provides evidence of increased low mood, depression, anxiety, and a loss of self-concept following an ABI.
There is a large body of literature discussing the effectiveness of music to address psychosocial needs. A formal study is
required to investigate the potential benefit of Therapeutic Music Training on self-concept. More translation research is
needed to develop evidence-based music interventions to address depression and loss of self-concept specifically
following a brain injury and to explore what accommodations are needed in treatment of psychosocial wellbeing for the

individual who may be dealing with grief and loss through the lens of cognitive impairment.

The heterogeneity of ABI results in a challenge to recruit large sample sizes and ABI outcomes can contribute to attrition
of study participant numbers. Smaller studies with robust methodologies and high-quality case studies can contribute

important literature to music-based cognitive rehabilitation and the development of clinical applications.

Conclusion

Therapeutic Music Training is a music-based cognitive rehabilitation intervention that can effectively address cognitive
goals following ABI by targeting attentional process and the PFC to engage, strengthen, and remediate functioning in
attention, working memory, memory, and EF. The goal-directed requirements of TMT provide a strong and extensive
neural stimulus to the injured brain and the music skill gained serves as a motivator for the patient to remain in therapy

for an extended period which supports an experience-driven neuroplastic response and cognitive improvement.

In addition to cognitive gains, TMT can support coping and an improved self-concept post- ABl by improved confidence
and self-esteem due to cognitive gains, personal growth through the acquisition of a new skill, and a new identity as a
musician experienced through the skill gained in TMT and a potential expanding interest in music. TMT can be an effective

music-based post-ABI rehabilitation intervention addressing both cognitive and psychological goals.
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