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Highlights

Music therapy enhances recovery after stroke by simultaneously improving emotional
well-being, cognitive processing, speech production, and motor coordination. Techniques
such as Melodic Intonation Therapy (MIT) and Rhythmic Auditory Stimulation (RAS)
activate specific brain networks and promote neuroplasticity. This personalized, non-in-
vasive, and cost-effective approach holds promise as a complementary rehabilitation
strategy. Looking ahead, integration with artificial intelligence, virtual reality, and other
multimodal technologies may further expand its clinical applications.
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In brief

Music therapy promotes stroke recov-
ery by improving emotional, cogni-
tive, language, and motor functions.
Techniques such as MIT and RAS
stimulate brain plasticity and sup-
port rehabilitation. Future integration
with Al and VR may further enhance
outcomes.
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Application of Music Therapy in Stroke
Rehabilitation: A Research Review

Ke Wu'2, Chenxi Li2?, Sike Zhu?2, Jiajia Zhuang®, Ruogu Chen#, Xiuhui Ji°, Yanjin Wu8* and Maowei Chen’*

Abstract

This article provides a systematic review of music therapy research progress and clinical applications in
stroke rehabilitation. Music therapy, through techniques such as Melodic Intonation Therapy (MIT) and
Rhythmic Auditory Stimulation (RAS), offers distinct advantages by activating alternative neural path-
ways and promoting neuroplasticity, which significantly improves emotional regulation, cognitive function,
language expression, and motor function in stroke patients. According to clinical evidence, music therapy
notably decreases depression and anxiety; promotes neuroplasticity; activates brain regions associated with
language and motor function; and improves gait stability and limb coordination. However, current research
faces challenges such as insufficient sample sizes, unclear long-term effects, and a lack of standardized
protocols. Future studies should incorporate technologies such as artificial intelligence and virtual reality to
explore personalized music therapy interventions and establish multi-center collaborative clinical research
systems, thereby promoting standardized application of music therapy in stroke rehabilitation.

Keywords

Cognitive function, emotional improvement, language recovery, melodic intonation therapy, motor function,
music therapy, neuroplasticity, rhythmic auditory stimulation, stroke rehabilitation.

Introduction

Stroke, the second leading cause of death
and the primary cause of disability world-
wide, has made rehabilitation an essential
issue in the medical field [1]. Traditional
rehabilitation methods, such as physical
therapy, occupational therapy, and speech
training, have been found to aid in motor
function and language recovery, but have
limitations in addressing emotional disor-
ders and cognitive impairment, and restoring
social function [2]. In recent years, music
therapy, an emerging treatment integrating
art and neuroscience, has become a research
hotspot in the field of stroke rehabilitation,
because of its non-invasive and multidimen-
sional intervention characteristics [3].
Music therapy activates the limbic sys-
tem, dopamine reward pathways, and motor
cortex through specific musical elements
(rhythm, melody, and harmony), thus con-
stituting a distinct neuroregulatory mech-
anism due to its ability to target multiple
neural pathways simultaneously and influ-
ence both emotional and motor responses
[4]. Music stimulation synchronizes neural
oscillations between the auditory and motor
cortices, and consequently promotes neuro-
plasticity, which is crucial for the repair of

damaged neural networks after stroke [5].
Techniques including Melodic Intonation
Therapy (MIT) and Rhythmic Auditory
Stimulation (RAS) have shown efficacy in
language and motor recovery [6]. The high
prevalence of post-stroke depression (PSD)
further highlights the importance of music
therapy in emotional regulation [7]. Five-
Element Music Therapy has been shown
to increase serum serotonin levels and alle-
viate depressive symptoms, in alignment
with Traditional Chinese Medicine theories
[8]. Group singing interventions have also
been found to enhance social connection,
decrease loneliness, and improve quality of
life [9].

Music therapy enhances attention, mem-
ory, and executive functions through mul-
tisensory stimulation [10]. Personalized
music listening programs improve Montreal
Cognitive Assessment (MoCA) scores in
post-stroke cognitive impairment (PSCI),
especially in recall and orientation [11].
Combining music therapy with robot-as-
sisted rehabilitation improves motor func-
tion and enhances rehabilitation adherence
by inducing positive emotions [12].

Language rehabilitation is a core chal-
lenge in stroke treatment. MIT activates
the right hemisphere language-motor area
through interhemispheric mirror effects,
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and has greater efficacy than traditional speech therapy in
treating non-fluent aphasia [13]. Neuroimaging studies have
confirmed that MIT induces structural reorganization in the
brain and enhances the language conduction efficiency of
the right arcuate fasciculus [14]. However, the neural mech-
anisms of this therapy for East Asian languages require ver-
ification in large-scale studies, and the standardization of
therapist qualifications must be addressed [15].

In terms of motor function recovery, RAS techniques have
been found to improve gait symmetry and walking speed
in patients with stroke, by regulating the basal ganglia-
thalamus-cortex motor network [16]. When combined with
multimodal balance training, RAS enhances dynamic bal-
ance in patients with Parkinson’s disease, particularly in the
presence of mild cognitive impairment or Hoehn & Yahr
stage 4 [6]. Notably, potential applications of music ther-
apy in home rehabilitation are emerging, as its low cost and
ease of implementation provide new insights for communi-
ty-based rehabilitation [17].

Despite its potential, current research faces limitations
such as small sample sizes and follow-up periods that are
too brief, which weakens evidence for long-term effects
[18]. There is also a lack of standardization in treatment pro-
tocols, with significant differences in music type, duration,
and evaluation criteria, affecting result comparability [19].
Future studies should establish multicenter collaborative net-
works, conduct large-scale randomized controlled trials, and
use neuroimaging techniques, including functional magnetic
resonance imaging (fMRI) and EEG, to explore the neural
mechanisms of music therapy in depth [20]. Personalized
treatment systems based on artificial intelligence should also
be developed.

The integration of virtual reality (VR) and wearable
devices with music therapy offers an innovative platform
[21]. Real-time motion-music mapping systems enable
synchronized optimization of motor function training and
emotional regulation in an immersive environment. Big data
analytics can establish efficacy prediction models for stroke
music therapy and consequently enable precise rehabilitation
[22]. Combining music therapy with traditional and modern
therapies including acupuncture and transcranial magnetic
stimulation (TMS) is expected to synergistically enhance
rehabilitation outcomes [23].

As global aging increases the demand for stroke rehabili-
tation, music therapy, because of its unique humanistic care
and scientific intervention value, is becoming indispensable
in comprehensive stroke rehabilitation systems [24]. Future
research should focus on basic mechanisms, clinical prac-
tice, and technological innovation to provide safer and more
effective humanized rehabilitation programs, to help achieve
the “biological-psychological-social” comprehensive reha-
bilitation model [25].

Current applications of music
therapy in stroke rehabilitation

WHO 2023 data indicate that approximately 17 million
annual stroke cases occur worldwide, and 75% of survivors

experience functional impairment [26]. Traditional rehabil-
itation methods, although effective in motor and language
recovery, have limitations in addressing emotional, cogni-
tive, and social impairment. Music therapy, combining art
and neuroscience, has emerged as a promising non-invasive
and multidimensional intervention [27].

Core challenges in stroke
rehabilitation

Motor dysfunction is a prominent clinical feature follow-
ing a stroke, with a significant proportion of patients expe-
riencing hemiparesis or gait abnormalities [28]. Damage to
the corticospinal tract following a stroke reduces the excit-
ability of the motor cortex, resulting in patients exhibit-
ing asymmetric gait, reduced walking speed, and impaired
balance, as reflected in stride length differences, walking
speed, and Berg Balance Scale scores [29]. Traditional
Bobath therapy improves some aspects of motor function
through neurofacilitation techniques; however, its long-
term effects on motor pattern reorganization are limited
[30]. For example, a study found that combining RAS
with treadmill training resulted in a significant increase in
walking speed and outperformed Bobath therapy alone in
terms of effectiveness [31].

Cognitive impairment is common in stroke patients, with
a significant proportion experiencing attention deficits,
reduced working memory, and difficulties with executive
function (Figure 1) [32]. Metabolic abnormalities in the
prefrontal cortex and hippocampal region have been iden-
tified as the neurobiological basis underlying this impair-
ment [33]. The average MoCA score of stroke patients is
significantly lower compared to healthy controls, indicat-
ing impaired cognitive function [34]. Aphasia is a com-
mon post-stroke condition, with a substantial proportion of
patients showing poor recovery during the early months of
rehabilitation [35].

Language impairment, particularly aphasia caused by
left-hemisphere damage, is another common post-stroke
manifestation [35]. Non-fluent aphasia, resulting from dam-
age to Broca’s area, often results in speech effort, grammat-
ical deficiencies, and other symptoms [36]. The efficacy of
traditional speech therapy is limited by active patient par-
ticipation [37]. Aphasia is a common post-stroke condition,
with many patients experiencing difficulty in regaining
effective language function within the first months after the
stroke [37]. More concerningly, the high incidence of PSD
significantly decreases patient quality of life. In patients
with PSD, infarct volume has been shown to correlate with
increased serum cortisol levels, suggesting that elevated
stress responses contribute to exacerbating neurological
damage [38].

Mechanisms of action of music
therapy

Music therapy can overcome traditional rehabilitation
limitations through multidimensional neural modulation
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Figure 1 Overview of music therapy principles and applications. (A) Theoretical foundation: Music therapy uses various activities, such
as auditory stimulation, playing instruments, and singing, to promote healing in physical, mental, and emotional aspects. The left and right
hemispheres of the brain process music differently: the left hemisphere handles rhythm and lyrics, whereas the right hemisphere processes
melody. The therapy leverages multi-sensory stimuli, including melody and rhythm, to regulate mood, enhance cognitive function, and improve
behavior and overall quality of life. (B) Special patient needs: For patients with cognitive impairment and motion deficits, music therapy offers
therapeutic benefits. It assists in cognitive rehabilitation by activating various brain areas and helps improve motor function, such as gait and
spatio-temporal parameters, through rhythmic auditory strategies. (C) Neuroplasticity: Music therapy aids in neuroplasticity by promoting the
reorganization and recovery of neural networks. This therapy has been shown to improve outcomes in patients with brain injury by altering the
brain’s white matter structure and enhancing language processing. Additionally, music therapy stimulates the release of dopamine, thereby
fostering positive emotional states and improving brain functions such as attention and motor control.

(Figure 1) [39]. The core of this therapy involves using musi-
cal elements (rhythm, melody, and harmony) to activate the
brain’s limbic system, dopaminergic reward pathways, and
motor cortex, thereby inducing distinct neural remodeling
effects through the simultaneous modulation of emotional,
reward, and motor regions [40]. Neuroimaging studies have
established that musical stimuli foster neural plasticity by
synchronizing -oscillations (12-30 Hz) in the auditory and
motor cortices [41]. For instance, MIT, which transforms
language into musical melodies, activates compensatory
right-hemisphere mechanisms and has been demonstrated to
be more effective than traditional speech therapy for non-flu-
ent aphasia [13]. According to fMRI studies have shown that
MIT intervention increases activation in the right inferior
frontal gyrus, and this enhancement is positively correlated
with improved language expression abilities [42].

Dopamine system regulation is a key mechanism
underlying the ability of music therapy to improve mood
(Figure 1) [43]. Five Element Music Therapy has been
shown to significantly increase serotonin levels in patients
with PSD, and its liver-soothing and depression-reliev-
ing effects align closely with the principles of Traditional
Chinese Medicine [44]. EEG studies have shown that lis-
tening to music increases alpha wave activity, suggesting
that this enhances a relaxed brain state [45]. Moreover,
group singing interventions have been found to improve
social connection and activate dopamine release in the pre-
frontal cortex and striatum, enhancing patients’ sense of
loneliness and quality of life [46].

In cognitive rehabilitation, multisensory stimulation
through music therapy enhances attention, memory, and exec-
utive function (Figure 1) [47]. Personalized music listening

4
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programs have been found to improve delayed recall and
orientation in patients with PSCI [48]. Studies examining
event-related potential have shown that music interventions
increase P300 wave amplitude by 18%—a finding reflect-
ing increases in working memory [49]. Notably, combining
music therapy with robot-assisted rehabilitation has been
shown to significantly improve motor function and enhance
rehabilitation adherence by promoting positive emotions,
leading to a higher treatment completion rate and better
overall outcomes for patients [12].

Clinical advances in music therapy

In motor rehabilitation, RAS technology increases gait sym-
metry and walking speed in patients with stroke by mod-
ulating the basal ganglia-thalamus-cortex motor network
(Figure 1) [16]. Combining RAS with treadmill training
has been demonstrated to increase walking speed by 13.2%
and stride length by 10.7%, and to have particularly sig-
nificant effects in patients during the subacute phase [50].
RAS, when combined with multimodal balance training,
has been found to effectively increase dynamic balance in
patients with Parkinson’s disease (3.2+1.8 Mini-BESTest
score increase), through a mechanism involving enhanced
a-wave synchronization in the frontal-temporal lobes [51].
Notably, RAS is expected to have increasing potential for
home-based rehabilitation, as its low cost and ease of imple-
mentation provide new opportunities for community reha-
bilitation (Table 1) [52].

In speech rehabilitation, MIT activates the right hemi-
sphere’s language motor areas through cross-hemispheric
mirror effects, offering specific advantages in the treat-
ment of non-fluent aphasia by enhancing neural efficiency
and promoting structural brain remodeling (Table 1) [53].
Neuroimaging studies have confirmed that MIT induces
structural brain remodeling and enhances the language con-
duction efficiency of the right arcuate fasciculus. A clinical
study has shown improvements in phrase generation abil-
ity and naming accuracy after an 8-week MIT intervention
[54]. However, the neurobiological mechanisms of MIT for
East Asian languages require validation in large-scale stud-
ies, and the standardization of therapist qualifications must
urgently be addressed [55]. The combination of low-fre-
quency repetitive transcranial magnetic stimulation (rTMS)
and MIT has been found to improve language fluency by
32% and to significantly outperform either therapy alone
(p<0.01) [56].

Music therapy is also gaining attention for treating swal-
lowing dysfunction. Music therapy has been shown to
decrease fatigue visual analogue scale (VAS) scores, signif-
icantly outperforming other interventions [57]. This effect
might be associated with vagus nerve activation induced by
music, although further multi-center studies are needed for
validation. Additionally, music therapy has shown positive
effects in alleviating post-stroke fatigue: music interventions
have been shown to decrease fatigue visual analogue scale
(VAS) scores by 2.1+0.8, significantly outperforming the
control group that received standard post-stroke care without
music therapy intervention [58].

Specific applications of music
therapy in stroke rehabilitation

Improvements in mood and
psychological health

Because PSD is common and has a substantial impact on
rehabilitation, emotional regulation plays a crucial role [59].
Music therapy has proven advantages in alleviating depres-
sion and anxiety symptoms by modulating neurotransmitter
levels and facilitating the reconstruction of social function,
particularly through its ability to engage the limbic system
and enhance emotional regulation (Figure 2) [60]. Music
therapy has been reported to decrease Hamilton Depression
Rating Scale (HAMD-17) scores by 4.2+2.1 points and to
increase serum serotonin levels by 28.7% in patients with
PSD [7], by acting through the dopamine system and limbic
system modulation.

Clinical practice of five-element music
therapy

Five-Element Music Therapy, based on the Five-Element
Theory in Traditional Chinese Medicine, aligns the five
musical tones (B8, 1, =, 7, and J3J) with the five internal
organs (liver, heart, spleen, lung, and kidney). This modal-
ity ameliorates depressive symptoms by influencing cortical
areas, the limbic system, and neurotransmitters including
serotonin and dopamine, while enhancing neural plasticity
and promoting post-stroke recovery [61].

Clinical studies have demonstrated that Five-Element
Music Therapy is highly effective in patients with PSD [44].
In a randomized controlled trial involving 237 patients,
a 12-week combination of this therapy and acupuncture,
compared to CBT, notably decreased HAMD-17 scores
and increased serotonin levels [62]. These findings might
be explained by the music leading to HPA axis regulation
and decreased cortisol secretion. The ability of Five-Element
Music Therapy to improve Barthel Index scores further high-
lights its role in functional recovery [8, 63].

Collective intervention model for social
function reconstruction

The collective intervention model for social function recon-
struction improves social participation capabilities in patients
with stroke through structured group activities [64]. This
approach centers on using group interaction to promote coor-
dinated recovery of cognitive, emotional, and motor function
[65]. Collective interventions frequently involve choral sing-
ing, group discussions, and VR technologies, which enhance
patients’ sense of belonging through social support and shared
goals [66]. For instance, group singing interventions have
been found to activate cortical and subcortical regions of the
brain, thereby improving speech clarity and voice timing,
whereas social interaction helps alleviate anxiety and lone-
liness (Table 2) [67]. Patients with Parkinson’s disease in

K. Wu et al.: DOI: 10.15212/bioi-2025-0074
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Musical treatment

Motor cortex

Prefrontal cortex
P

Neuroimaging

Transcranial cerebellar
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5—\

Scaling up in
low-income countries

Musical elements
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Figure 2 Brain regions and mechanisms in musical treatment. This figure highlights the roles of music therapy in activating various brain
regions, including the frontal, parietal, temporal, and occipital lobes, as well as the cerebellum and central sulcus. Music therapy influences
areas such as the motor cortex for motor function recovery in patients with stroke, the prefrontal cortex for cognitive regulation, and the auditory
cortex for processing of rhythm and melody. Additionally, the visual cortex may be involved in multisensory stimulation in some cases. The mech-
anisms of music therapy are also shown. Rhythm, melody, and harmony modulate brain activity, enhance motor coordination, and influence
emotional regulation via dopamine release. Music therapy may be combined with techniques including neuroimaging and transcranial cerebel-
lar direct current stimulation to improve outcomes. The figure also illustrates the global expansion of music therapy, particularly in low-income
countries, and its therapeutic applications, including stroke rehabilitation, and treatment for depression, anxiety, sleep issues, and aphasia.

choirs have demonstrated significant improvements in speech
fluency and quality of life, along with marked increases in
quality of life scores [68].

VR and gamified training are key innovations in collective
interventions [69]. By simulating social scenarios in immer-
sive virtual environments, patients can practice communica-
tion skills in a safe space and gradually regain social function
[70]. For example, VR-based role-playing games have been
shown to help patients with aphasia activate language-related
brain areas through dialogue tasks, thus achieving a 2.3-fold
increase over traditional training [71]. Additionally, gami-
fication designs incorporating point-based reward systems

have been shown to enhance patient motivation, improve
motor coordination, and foster social collaboration skills
[72]. The effectiveness of this modality is associated with
neural mechanisms: group music activities synchronize brain
networks, and consequently enhance emotional resonance
and memory consolidation [73]. According to fMRI studies,
choir members show greater activation of the amygdala and
hippocampus compared to solo singers; this synchronized
activation has been suggested to enhance emotional reso-
nance and memory consolidation. Furthermore, collective
interventions have been shown to stimulate motor learning
through the mirror neuron system [74]. For example, in
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Table 2 Evidence-Based Application of Music Intervention Strategies in Neurorehabilitation

Intervention Targets and Mechanisms Applicable Stage Key Clinical Technology
Strategies of Action Advantages Integration Direction
Rhythmic Auditory Synchronizes motor Subacute phase  Improves gait P Wearable beat-
Stimulation (RAS) cortex and basal ganglia parameters \ synchronized devices

activity and consequently
optimizes gait cycles

Melodic Activates language Chronic phase
Intonation networks via right
Therapy (MIT) hemisphere compensation
Music Stabilizes autonomic Acute phase
Biofeedback function through vagal

modulation
Instrumental Enhanced premotor- All phases
Training cerebellar connectivity for

motor control

Multisensory Strengthens cross-modal  Chronic cognitive

Integration integration in the parietal  phase

cortex
Group Activates mirror neuron Social recovery
Improvisation systems through social

music interaction

VR conversational
scenarios

Restores speech
fluency

Decreases
physiological stress

Al-driven physiological
mapping

Improves upper limb
function

Robotic motion capture

Enhances spatial AR environment

attention embedding

Increases social R A Cloud-based

cognition b0 = collaborative platforms
gl

dance therapy, the basal ganglia are activated as patients imi-
tate others’ movements, and gait symmetry is improved [75].

Cognitive function recovery

PSCI severely affects the ability to perform daily activities
(Table 2) [76]. Music therapy, by leveraging multisensory
stimulation and activating neural plasticity, plays a pivotal
role in the recovery of attention, memory, and executive
function, particularly in patients with post-stroke cognitive
impairment [77]. Personalized music listening has been

shown to improve MoCA scores in patients with PSCI,
with significant improvements observed in both delayed
recall and orientation, suggesting its effectiveness in cogni-
tive enhancement (Figure 2) [78].

Mechanisms of attention and memory
enhancement

Music therapy, through activation of the default mode network
and executive control network, enhances the brain’s ability
to integrate information [77]. According to fMRI studies,

8
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music listening increases activation in the hippocampus and
prefrontal cortex, thereby promoting episodic memory con-
solidation [79]. Notably, music interventions combined with
VR technology have been shown to reduce reaction times and
error rates in patients with attention deficits [80].

Neural basis of executive function
promotion

RAS improves executive function by modulating the basal
ganglia-thalamus-cortex loop [81]. RAS interventions have
been shown to reduce Stroop test reaction times and enhance
working memory capacity, contributing to improved cogni-
tive performance. The mechanism underlying these effects is
linked to enhanced 3-wave synchronization, which increases
functional connectivity between the motor cortex and pre-
frontal cortex. Notably, RAS interventions have proven par-
ticularly effective in patients with mild cognitive impairment,
where they significantly slow disease progression [82].

Language function recovery

In patients with aphasia, a common complication following
stroke, music therapy, particularly through methods including
MIT, has shown distinct advantages in restoring both language
expression and comprehension [83]. In patients with non-fluent
aphasia, MIT has been shown to significantly improve phrase
generation abilities and naming accuracy, surpassing tradi-
tional speech therapy in effectiveness (Table 2) [84]. The neu-
ral mechanisms underlying MIT involve compensatory activa-
tion of the right hemisphere through the mirror neuron system,
thus simulating motor patterns for language production.

Interhemispheric mirror effects of MIT

MIT, by converting speech into musical melodies, activates
the inferior frontal gyrus and insular cortex in the right hemi-
sphere, and leads to formation of a language-music coupling
network. According to fMRI studies, after MIT intervention,
the integrity of the right arcuate fasciculus improves, and
the speed of language conduction is enhanced [85]. Clinical
data have indicated that MIT combined with low-frequency
rTMS achieves dual physiological-psychological enhance-
ment effects of enhancing language repetition ability and
alleviating depressive symptoms [86].

Synergistic effects of multimodal
intervention strategies

Song creation and narrative therapy activate the episodic
memory network and facilitate language recovery [87].
Patients with aphasia participating in personalized song cre-
ation have shown significant improvements in spontaneous
speech and in the accuracy of communicative intent [88]. The
underlying mechanism involves coordinated activation of the
hippocampus and temporal lobe cortex, thereby strengthen-
ing semantic network connectivity. Notably, combining VR

with music interventions has been shown to enhance naming
accuracy in patients within immersive environments.

Motor function rehabilitation

Motor dysfunction is a prominent clinical manifestation
after stroke [89]. Music therapy techniques such as RAS and
melodic support therapy have been found to have positive
effects in improving gait, limb coordination, and swallow-
ing function [90]. Combining RAS with treadmill training
has been shown to improve walking speed, stride length, and
balance, leading to better motor coordination and functional
recovery (Figure 2) [50]. The underlying neural mechanism
involves the synchronization enhancement of the cerebel-
lum-thalamus-cortex loop, thereby facilitating motor pattern
reorganization (Table 2) [91].

RAS techniques for gait and balance
improvement

RAS synchronizes external rhythm in regulating basal gan-
glia motor programs. RAS synchronizes external rhythm in
regulating basal ganglia motor programs. Consequently, RAS
interventions have been shown to reduce gait freezing and
improve dynamic balance in patients with Parkinson’s dis-
ease, contributing to better overall motor function (Table 2)
[92]. Notably, RAS has significantly improved gait sym-
metry in patients with post-stroke unilateral spatial neglect,
resulting in a reduction in step length asymmetry, thereby
enhancing overall gait stability [16]. The underlying mecha-
nism involves enhanced spatial attention allocation through
excitability regulation in the parietal cortex (Table 3).

Innovative models of limb coordination
training

Music-assisted robotic rehabilitation systems, through real-
time motion-music mapping, enhance fun and rehabilitation
compliance among patients [93]. The combination of rem-
iniscence music therapy with robotic training significantly
increases patients’ sense of self-efficacy and accelerates
motor function recovery [94]. Additionally, musical instru-
ment interventions have been shown to improve fine motor
skills in the hands, as demonstrated by increased finger dex-
terity and reduced tremor amplitude [95]. The underlying
neural mechanism involves promotion of neuroplasticity
through the coordinated activation of the motor cortex and
cerebellum (Table 3) [96].

Music interventions for swallowing
function recovery

Music-enhanced swallowing programs use rhythmic guidance
to improve oral motor control [97]. In one study, after six ses-
sions, patients showed significant improvements in oral motor
control and laryngeal elevation. The underlying mechanism
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might be associated with vagus nerve activation induced by
music, thereby enhancing pharyngeal muscle coordination
and improving swallowing safety [98]. Notably, the combi-
nation of acupuncture with Five Elements Music Therapy has
been shown to improve the Water Test grading for swallowing
disorders and achieve superior efficacy compared to tradi-
tional rehabilitation training alone.

Interdisciplinary integrated
treatment models

The integration of music therapy with other rehabilitation tech-
nologies achieves synergistic effects (Table 3). Combining
music therapy with transcranial direct current stimulation
accelerates motor function recovery in patients with stroke by
30% [99]. This effect is due to enhanced excitability modula-
tion of the motor cortex by music stimulation. Additionally,
music interventions combined with mindfulness-based
stress reduction have been shown to reduce anxiety levels
and improve cognitive function, offering dual physiological-
psychological benefits [100].

Innovative applications of virtual reality
technology

The fusion of VR and music therapy provides an immersive
environment for rehabilitation [101]. VR-based music inter-
ventions have been shown to improve patients’ motor func-
tion more effectively than traditional training in simulation
of real-life scenarios [102]. Furthermore, an Al-based per-
sonalized music recommendation system that dynamically
adjusts music parameters based on physiological indicators,
such as heart rate variability, and emotional states has been
shown to significantly enhance therapeutic outcomes [103].

Value of community rehabilitation models

Music therapy, because of its low cost and easy implemen-
tation, is highly applicable to community-based rehabilita-
tion. Community-based group singing programs have been
shown to improve depressive symptoms and increase social
participation, while being more cost-effective compared to
hospital-based rehabilitation (Table 3) [104]. The success
of such programs lies in establishing a “center-radiation”
model, wherein a professional team provides technical sup-
port, and volunteers assist with daily activities, thus creating
a sustainable rehabilitation network.

Clinical research and future
directions in music therapy

Existing research findings

The clinical value of music therapy in stroke rehabilitation
has been confirmed by numerous studies (Figure 3). A

meta-analysis of 20 RCTs has indicated that Five-Element
Music Therapy significantly ameliorates PSD, with substan-
tial improvements in mood regulation [7]. The therapeutic
effect is particularly significant for the combination of music
therapy with acupuncture treatment, which has been shown
to substantially reduce the HAMD-17 score. Serological
studies have confirmed that this therapy regulates mood
by increasing serotonin levels, aligning with Traditional
Chinese Medicine theory regarding liver qi stagnation and
emotional regulation [105].

Robust evidence supports the use of MIT in language
rehabilitation. fMRI studies have indicated activation of the
right inferior frontal gyrus and insula, thereby forming a
cross-hemispheric language compensation mechanism [13].
After 8 weeks of MIT, patients with non-fluent aphasia have
shown significant improvements in phrase generation and
naming accuracy [106]. RAS also has advantages in motor
rehabilitation. The combination of RAS with treadmill train-
ing has been shown to significantly improve walking speed
and stride length in patients with stroke, particularly in the
subacute phase [107].

Multimodal interventions, such as personalized music lis-
tening combined with robotic-assisted rehabilitation, have
been shown to improve MoCA scores and the Barthel Index
in patients with PSE, demonstrating significant therapeutic
benefits [108]. Group singing has been shown to signifi-
cantly reduce loneliness and improve quality of life scores,
providing valuable social and emotional benefits [109].
Together, these studies provide an evidence base for the clin-
ical application of music therapy in stroke rehabilitation.

Challenges faced

Despite substantial progress, the clinical application of
music therapy faces multiple challenges (Figure 3). First,
research design limitations have limited the strength of
the existing evidence (Table 4). Most clinical trials have
included small sample sizes, and follow-up periods are often
limited, thereby providing weak evidence of long-term effi-
cacy [110]. Previous studies suggested a non-significant
trend toward changes in depressive symptoms following
music therapy. However, intervention protocols remain
poorly standardized, with substantial variability in music
characteristics, treatment duration, and outcome measures.
In Five-Element Music Therapy, both intervention length
and efficacy evaluation criteria vary across studies, and no
unified assessment standard has been established [111].
Delays in research on neurobiological mechanisms
have affected clinical translation. Whereas fMRI studies
in Western language speakers have shown that Melodic
Intonation Therapy activates language-related areas in
the right hemisphere, the tonal nature of East Asian lan-
guages such as Chinese may involve different patterns of
brain activation, possibly leading to different therapeutic
responses [112]. Moreover, the mechanisms through which
music therapy affects swallowing function remain unclear.
Prior studies have focused primarily on short-term behav-
ioral gains and have lacked neuroimaging support [113].
Standardization of therapist qualifications is also essential,
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Figure 3 Application of music therapy in stroke recovery. This figure outlines the use of music therapy for stroke rehabilitation, highlighting
key components and factors influencing its effectiveness. On the left, the stroke section shows an anatomical profile of the brain with red areas
indicating stroke damage, accompanied by an icon resembling a cochlear implant, thereby suggesting the role of music in brain stimulation.
Below, two icons represent promotion barriers, including cognitive disorders (brain) and low patient acceptance (hand), which can hinder
the widespread use of music therapy. In the recovery section, a pink arrow pointing from stroke to health symbolizes the healing process
facilitated by music therapy. Rhythmic Auditory Stimulation (RAS) is depicted with icons of a person sitting, footprints, and a balance beam,
signifying improvements in gait, walking function, and balance. Above, icons of sample size, treatment cycle, patient characteristic differences,
and study design indicate factors potentially influencing the outcomes of music therapy. The health section on the right shows a healthy brain
profile, indicating the recovery achieved through music therapy. Below, icons representing standardized treatment protocols and evaluation
systems underscore the importance of structured and consistent approaches in implementing music therapy. Finally, the figure highlights the
effects of music therapy on cognitive and executive function. The icon of a woman at a podium suggests improved cognitive function, such as
attention and memory, whereas the robotic arm icon indicates enhanced executive function, which is crucial for planning, organization, and
decision-making, thereby improving patients’ self-care and daily activities.

as a significant proportion of speech therapists have not
received formal music training.
Structural barriers also hinder clinical promotion of

Future research directions

music therapy (Table 4). For instance, in Hungary, only two
rehabilitation centers employ music therapists. Insufficient
investment and a shortage of professionals limit the wide-
spread use of this modality. Additionally, a significant pro-
portion of patients with stroke have cognitive biases against
music therapy, believing that this treatment lacks scientific
support. These challenges collectively impede the transla-
tion of music therapy from research to clinical practice [114]
(Table 4).

Technological integration and innovation

The integration of VR and wearable devices provides an
innovative platform for music therapy (Figure 3). A motion—
music mapping system reported in prior work uses inertial
sensors to translate hemiplegic limb movements into musi-
cal feedback, thereby supporting synchronized motor train-
ing and emotion-related regulation within an immersive
rehabilitation setting [115]. This system’s clinical feasibil-
ity has been demonstrated in patients with subacute stroke,
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Table 4 Challenges and Strategic Solutions in the Clinical Translation of Music Therapy

Core Challenges

Current Strategies

Future Breakthroughs

Heterogeneous intervention
protocols lacking unified criteria

© O%ux

Limited diversity in single-center
studies with low subgroup power

Dominance of short-term follow-
up without stepped care tracking

Failure of laboratory cognitive to
translate to daily living capacity

Functional Translation Barriers
§ o,
+ AL [J)
o
e ool oj J\

Home-based System Gaps

Lack of safety/efficacy validation
for remote interventions

Absence of targeted protocols
for patients with TBI and other
specific groups

Poor adherence because
of insufficient mechanistic
understanding

Clinical Acceptance Barriers

- lI[éI[lm
XS

Technology Integration Gaps

Disconnect between traditional
and modern technological
innovation

International consensus
guidelines

Multinational research consortia

Remote intelligent monitoring

VR-based ecological assessment

Wearable-Al integrated monitoring

Delphi-based clinical pathways

Digital twin education systems

BCI-driven personalized
algorithms

Adaptive clinical trial platforms

Phenotype-stratified enrollment

Decade-long dynamic cohort
studies

Community-engaged outcome
networks

loT-supported home rehabilitation

Severity-stratified treatment tiers

Neurologic MT certification
programs

Multimodal biofeedback systems

with minimal cycle delay and high computational efficiency
(quad-core processor). Future efforts should focus on further
developing interactive content and evaluating its effects on
motor learning, performance retention, and psychological
factors [116].

Al-driven personalized treatment plans are an important

emerging trend. Deep-learning-based music recommenda-
tion systems can analyze patients’ physiological data (EEG
and HRV) and emotional states, and use this information
to dynamically adjust music parameters, such as tempo

K. Wu et al.: DOI: 10.15212/bioi-2025-0074

13

U1

d

@
s
@
=




iew

>
o
oc

ini

M

BIOI 2025

and melody complexity [117]. Al-assisted programs have
been shown to improve treatment efficacy and enhance
patient compliance, providing better overall outcomes in
rehabilitation [118]. Integrating multi-omics technologies
(e.g., genomics and metabolomics) can also aid in the cre-
ation of predictive models for stroke-related music therapy
efficacy and enable precise rehabilitation [119].

Mechanistic research advancements

The application of multimodal neuroimaging techniques
is expected to drive breakthroughs in mechanistic research
[120]. Simultaneous EEG-fMRI studies have shown that
RAS intervention enhances o-wave synchronization in the
frontal-temporal lobes; however, its effects on the cerebel-
lum-thalamus-cortex network require further exploration
[5]. Research on MIT for East Asian languages should incor-
porate diffusion tensor imaging technology to clarify the role
of the right arcuate fasciculus in tonal language rehabilita-
tion. Additionally, investigating the effects of music therapy
on the gut microbiota-gut-brain axis might reveal new mech-
anisms for improving mood.

Exploration of the neural mechanisms of cross-cultural
language therapy is a critical future research direction. As
a tonal language, Chinese differs fundamentally in prosodic
structure from Western languages [121]. Future large-sam-
ple studies should compare MIT’s efficacy between Chinese-
and English-speaking patients, to develop Chinese-tailored
treatment plans. Moreover, exploration of music therapy’s
potential in multilingual aphasia, such as post-stroke bilin-
gual aphasia, also holds great promise [18].

Clinical translation pathways

Strategies for promoting community rehabilitation mod-
els must be systematically developed. According to the
“center-periphery” model, integrating community volun-
teer-led music activities with remote guidance from pro-
fessional therapists can significantly enhance participation
in home-based rehabilitation. Future efforts should focus
on creating standardized training systems and developing
affordable, portable devices, such as smart music gloves, to
reduce barriers to community rehabilitation [122].

An integrated multidisciplinary collaborative treatment
system is a key direction for future development [123]. The
combined application of music therapy with acupuncture
and TMS has shown synergistic effects [124]. For example,
low-frequency rTMS combined with MIT has been shown to
improve language repetition abilities and decrease depres-
sive symptoms [125]. Future work should focus on estab-
lishing interdisciplinary treatment guidelines to define the
optimal combinations and sequencing of therapies [126].

Conclusion and outlook

Music therapy, an innovative intervention in stroke rehabil-
itation, provides treatment benefits that cannot be achieved

through traditional rehabilitation methods [127]. This
modality has been shown to improve emotional, cognitive,
language, and motor function through neural modulation
and humanistic care [48]. For instance, Five-Element Music
Therapy can effectively treat post-stroke depression by mod-
ulating serotonin levels, whereas MIT enhances language
abilities in patients with non-fluent aphasia through right
hemisphere compensation [ 14, 44]. These findings offer new
perspectives for stroke rehabilitation.

The main advantage of music therapy lies in its “biopsy-
chosocial” integrative effects [3]. RAS improves gait
parameters by modulating the basal ganglia-thalamic-cor-
tical motor network [128]. Music therapy decreases isola-
tion through group interactions. However, clinical evidence
has shown significant heterogeneity: meta-analyses have
shown a significant effect of music therapy on post-stroke
depression, although with high heterogeneity among studies
[129]. Standardized treatment protocols must be developed.
Moreover, most clinical trials have had small sample sizes
and short follow-up periods, thus limiting the evidence of
long-term efficacy [130].

Significant heterogeneity exists in the available clinical
evidence. Meta-analyses have shown that music therapy has
a meaningful effect on PSD, though the high heterogeneity
across studies highlights the importance of developing stand-
ardized treatment protocols [7]. For example, the neurobio-
logical mechanisms of MIT in the Chinese-speaking context
remain unclear, and the standardization of therapist qualifi-
cations must urgently be addressed [131]. Additionally, most
clinical trials have included small sample sizes (<50 partic-
ipants) and insufficient follow-up periods (<6 months), thus
leading to a lack of evidence of long-term efficacy.

Technological innovation will be crucial to overcoming
these limitations (Table 5). Integrating VR and wearable
devices offers an immersive rehabilitation environment.
Al-based systems can dynamically adjust music parameters
in real time, thereby enhancing training effects [132, 133].
Big data analytics can be used to develop predictive mod-
els for music therapy efficacy and to enable precise reha-
bilitation [134]. Multi-omics techniques and neuroimaging
analyses should be used to explore music therapy’s molec-
ular mechanisms in synaptic plasticity, and its effects on
brain-derived neurotrophic factor and related pathways [135,
136]. Cross-cultural studies will be essential to understand
differences in right hemisphere activation during MIT for
East Asian languages [137].

Expanding clinical translation pathways is key to mak-
ing music therapy widely accessible. The promotion of
community-based rehabilitation models must address the
shortage of therapists. One possibility for overcoming
this challenge is implementing remote rehabilitation via
telemedicine platforms to offer expert-guided home reha-
bilitation (Table 5) [138]. Multidisciplinary collaborative
treatment systems, such as combined application of music
therapy and acupuncture, may jointly regulate serotonin
and dopamine systems, thereby enhancing PSD treatment
efficacy (Table 5) [139].

Furthermore, a standardized evaluation system for music
therapy must be established, and biomarker-based efficacy
assessment tools must be developed. Specific examples
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Table 5 Music Therapy Innovation Model and Transformation Challenges

Core Technology Carrier

Clinical Transformation
Scenarios

Mechanism Breakthrough

Key Challenges

Digital
Therapeutics
Innovation
Reconstruction
of Community
Medicine
Precision
Combined
Therapy
Intelligent Control
System

Humanistic
Integration

Inclusive Medical
Care Expansion

Virtual reality piano
simulation system

Multidisciplinary
collaboration cloud
platform

Drug-music co- regulation
protocol

Emotional computing
dynamic music generation
engine

Life review music
narrative intervention

Wearable beat-
synchronized biofeedback

Remote sports
rehabilitation

Chronic aphasia
management

Post-stroke
neuropsychiatric
symptoms

Long-term COVID-19
cognitive rehabilitation

Psychological
reconstruction in older
patients with stroke
Parkinson’s disease
freezing of gait

Multimodal perception-motor
circuit remodeling mechanism

Social prescription drives
neuroplasticity

Serotonergic-limbic system
interaction mechanism

Bidirectional regulatory
pathway of the autonomic
nervous system- immune axis
Default mode network-
autobiographical memory
coupling mechanism

Phase resetting mechanism
of basal ganglia-thalamus

Lack of standardization of
motion tracking accuracy

Complexity of community
resource integration

Difficulty in defining dose-
response curves

Real-time biosignal
decoding threshold

Insufficient validation of
cultural fit

Accessibility-quality balance
dilemma

device intervention

oscillations

include the development of intervention manuals, clinical
guidelines, standardized outcome measures, and a profes-
sional certification system for music therapists. An inter-
vention manual that specifies the goals of each intervention
technique (such as improving language expression in patients
with aphasia and enhancing gait symmetry in patients with
motor dysfunction) must be developed, and standardized
procedures including music selection criteria, treatment
activity, and progression criteria must be established. The
standardized evaluation of treatment outcomes with stand-
ardized outcome indicators will be crucial for assessing the
effectiveness of music therapy interventions. Fully validated
assessments should be used for target function, such as the
MoCA for cognitive function, the HAMD-17 for emotional
health, the Boston Aphasia Test for language function, or the
Berg Balance Scale for motor function. In addition, a profes-
sional certification system for music therapists would ensure
consistent quality of care.

As global aging accelerates, stroke incidence has been
projected to reach 62 million cases by the year 2050, as pro-
jected by the World Health Organization (WHO) in 2020
[140]. The low cost and high accessibility of music therapy
should make this strategy key to addressing this challenge
[141]. In low-income countries, remote intervention music
therapy can be delivered via mobile applications [142]. In
high-income countries, integrating music therapy with smart
home devices may advance proactive health management
models. Additionally, music therapy has potential in reha-
bilitation for long COVID-19: preliminary research has
suggested that singing interventions might mitigate “brain
fog” and fatigue symptoms [143, 144]. New applications
for music therapy are expected to increase the necessity of
understanding its mechanisms.

In conclusion, music therapy has value in stroke rehabili-
tation, but faces technological, mechanistic, and translational
challenges. Future research should focus on basic mecha-
nisms, technological innovations, and clinical practices, to
develop safer, more effective, and patient-centered rehabil-
itation programs. Through interdisciplinary integration and

global collaborative networks, music therapy is poised to
become a core component of comprehensive stroke rehabili-
tation systems and to benefit patients worldwide.
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