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The Use of Music and Brain
Stimulation in Clinical Settings:
Frontiers and Novel Approaches
for Rehabilitation in Pathological
Aging
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Fulvia Francesca Campo and Elviva Brattico

Abstract

Aging is a phase of life characterized by the increasing risk of occurring
neurodegenerative pathologies, as well as stroke and physical decline. Patients in
such clinical conditions are known to benefit from programs able to promote the
improvement of associated cognitive, functional, and behavioral disorders. In
recent times, growing empirical evidence showed the efficacy of active and passive
music-based interventions to be the highest when used for healing these diseases.
Additionally, very latest research found the combination of electrical neurostimula-
tion with music to have potential utility for clinical older adult populations, as it may
amplify the impulse to neuroplasticity and, by consequence, the rehabilitation gains.
Reiterating of active music making induces changes in multiple brain regions bring-
ing to the enhancement of cognitive and sensorimotor skills, while merely listening
to pleasurable music stimulates dopaminergic regions of the brain improving cogni-
tion, motivation, and mood in a variety of neurological diseases. The versatility of
music-based interventions in combination with new technologies allows an effective
application of innovative therapeutic techniques. Moreover, their easy implementa-
tion in healthcare settings and their positive effects on both recovery and patients’
quality of life makes the integration of music-based interventions with conventional
rehabilitation approaches highly desirable.

Keywords: aging, music-based interventions, neuroplasticity, rehabilitation,
brain stimulation
1. Introduction

Over the years, thanks to the scientific research progress applied to medicine,
lifestyle, and awareness of risk factors, our society has witnessed an exponential
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increment in the elderly population (age > 65 years), and the maximum duration of
life has undergone a significant increase compared to the past. As a consequence, the
number of people over the age of 60 years has risen up to 1 billion in 2019 and will
more than double by 2050 [1]. Reasonably, this poses crucial issues for economies and
welfare systems. Moreover, efforts to promote health in the elderly population lag

far behind the current situation, making the decline in quality of life (QOL) in older
people a major social problem. In particular, physical aging and its consequences are
harmful to psychological health and cause the onset of negative emotional states and
disabling problems, thus posing a threat to older people’s autonomy in everyday life
and mental health. Due to these emergencies and to the lack of effective treatments
for neurodegenerative diseases, the scientific community has been stimulated to
explore the validity of a wide range of rehabilitative and psychosocial interventions
defined as nonpharmacological treatments [2]. In addition, while brain reorganiza-
tion capacity was previously thought to be limited to early childhood, the discovery
that neuroplasticity continues with age has led to the development of tools and tech-
niques to promote it even during aging in order to cope with functional and cognitive
decline and strengthen already existing skills [3].

Among the interventions able to benefit older people, music started to be widely
explored in recent years in order to be included in programs for the promotion of
psycho-physical health and to aid the rehabilitation of specific pathologies. By conse-
quence, the beneficial effect of music-based training and treatments has become an
object of study in relation to a variety of clinical populations together with healthy
individuals [4, 5]. The interest toward music as a means to support the rehabilitation
process and its use in clinical settings find reason in the intrinsic power of music to
generate plastic changes in the brain and its possibility to act upon the cellular level
in both humans and animals. In fact, similarly to sport, music training and listen-
ing are able to activate the body and the reward system in the brain [6]. Mostly, the
reiteration of these activities triggers the neurotrophic factors (i.e., biomolecules
that help both young and adult neurons to grow, survive, and differentiate) includ-
ing the brain-derived neurotrophic factor (BDNF), a pivotal molecule involved in
neuronal plastic changes related to learning and memory [7]. Taking into account
the results already obtained from animal studies [8, 9], music could be contemplated
as a promising option for improving human brain functioning through fostering the
production of the BDNF, which levels are important to be adequate in both normal
and pathological aging, and therefore stimulating the neuroplasticity process [10].

According to the recent findings from network science, the neuroplastic changes
are considered both from a structural and functional level of adaptation; addition-
ally, the two of them are interrelated as functional reorganization implies structural
reorganization [11, 12]. On the one hand, thanks to several neuroimaging studies,
music training is well known to be able to provoke anatomical as well as structural
plastic changes even in the adult human brain [13]. A plethora of structural dif-
ferences, manifested as increased gray matter volume, have been seen throughout
literature in somatosensory areas, premotor cortex, inferior temporal and frontal
regions, and in cerebellum in the brains of musicians compared to nonmusicians;
results from longitudinal studies, in particular, showed a link between the duration
of musical training and the degree of structural change in white matter pathways,
such as the corpus callosum, highlighting the importance of reiterating the training
over the years to see the long-term effects clearly [14-17]. Moreover, diffusion tensor
imaging studies show greater structural connectivity after music training in other
areas, such as in structures connecting visual and auditory brain areas located in the
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left inferior fronto-occipital fasciculus and connecting auditory and motor regions
(e.g., arcuate fasciculus) as well as multimodal integration regions [18, 19]. In line
with this, anatomical brain differences have been also found in auditory and motor
cortices in relation to music training [13]. These findings reveal music-trained people
to have specific brain areas that appear different compared to the starting age of
music training. For example, a study with magnetic resonance imaging identified the
left superior temporal gyrus, bilateral putamen (extending also to hippocampus and
amygdala), and right thalamus as the regions linked with music training, in terms of
cumulative hours of music lessons [20].

On the other hand, subtle functional changes, intended as deep modifications of
synaptic strength in spread cortical networks, can be detected at a macrostructural
and microstructural level after having music training or musical experience [12]. This
brain adaptation through neurogenesis leads to changes also in behavioral perfor-
mance, as demonstrated by studies showing correlations between brain changes and
enhanced skills, i.e., auditory discrimination, motor sequencing, and speech skills
[21, 22]. In sum, structural and functional changes due to musical experience take
place at various stages of the auditory pathway, from the brainstem to primary and
surrounding auditory cortices, to areas involved in higher-order auditory cognition
[23]. This is confirmed by evidence that older people who have received long-term
music training early in life have faster neural performance and timing on cogni-
tive tasks, as well as increased auditory attention and executive functions [24, 25].
Similarly, an active music-based intervention is able to involve more analogous
components to music training and learning, as it consists of the repeated practice of
movements accompanied by auditory feedback and extensive cognitive processing.
This explains the inclination of an active musical intervention to act as a multisensory
stimulus, which makes it a useful tool for rehabilitation and prevention [11].

Findings on listening to music effects on the brain have been also useful to imple-
ment its use in healthcare environments. In particular, neurochemical research has
revealed neurotransmitters’ role on the affective components of listening to enjoyable
music, namely their release of dopamine in the mesolimbic striatal system, as well
as sensory regions for auditory reception together with peaks in autonomic nervous
system activity [26, 27]. This may probably help to explain why music is so used for
mood regulation and to achieve short-term enhancement of certain abilities in clinical
settings. Indeed, even just exposure to listening to favorite music or songs with certain
structural characteristics (e.g., fast pace and major mode) induces a state of greater
activation capable of temporarily expand emotional resources and improving cogni-
tive and motor performance (such as psychomotor speed, verbal fluency, and episodic
memory) also in older people [28].

However, music listening can also lead to longer-term beneficial effects.
Importantly, the neuroplastic modifications are not limited to the regular motor prac-
tice with an instrument, as merely listening to music during days, or even hours and
minutes, can result in alterations of the brain functioning. This is due to the fact that
listening to music under certain conditions (e.g., during aware and nonpassive listen-
ing where music is not used as a mere background) is characterized by the activation
of dorsomedial prefrontal and occipital areas, thus eliciting an attentive internal state
that allows for the initial reactions to sounds to become available for conscious evalua-
tion [29]. Furthermore, music listening involves the drive to move and the memory
process provoking network changes in the temporo-frontal brain areas and the hip-
pocampus. As a result, when we listen, an automatic processing of repeated melodic
and rhythmic patterns occurs together with the subsequent recognition [30].
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Besides music, other forms of rehabilitative interventions able to induce neu-
roplastic changes have been recently explored. Similarly to musical interventions,
noninvasive brain stimulation techniques have demonstrated the ability to modulate
the neuronal excitability with a view to influencing plasticity mechanisms inherent
in the central nervous system and temporarily improving a range of functions [31].
There are several forms of noninvasive brain stimulation, although the most widely
adopted in the clinical setting is transcranial electrical stimulation (tEs). This tech-
nique consists of delivering a small (1-2 mA) current via two electrodes placed on
the scalp. According to the stimulation parameters, tEs affects neural excitability and
provokes plastic effects mediated by NMDA receptors [32]. These currents, cathodic
(—) or anodic (+), generate an electric field able to modulate spontaneous neural
activity by interfering with the membrane potential of the underlying neuronal
structures and thus inducing hyperpolarization (inhibiting effect) or depolarization
(facilitating effect), respectively [33]. Again, as for music-based interventions, it
is important to underline that the brain changes produced become more stable and
lasting (long-term effects) when the stimulation is repeated several times, likewise
according to the principles of neuroplasticity [34, 35]. The most recent studies make a
hybrid use of music and brain stimulation techniques to cope with cognitive decline.
The results show the combination of tEs and music-based interventions give a greater
boost to neuroplasticity than each of them can give individually and thus represent a
functional, complementary solution to other types of therapy [36, 37].

2. Music as a nonpharmacological treatment in pathological aging:
from the most well-known interventions up to novel approaches

As known, music has been extensively tested as a nonpharmacological interven-
tion due to its effectiveness, its being inexpensive, and its possibility to be widely and
easily applicable to clinical settings for the rehabilitation of a variety of age-related
pathologies. Thanks to the awareness of the effects of music on neuroplasticity, a
number of active and passive innovative music-based interventions, such as those of
Neurologic Music Therapy (NMT) [38] and similar methodologies, also combined
with new technologies, have risen in the last decades in order to promote brain reorga-
nization after trauma and vascular problem or handle with cognitive decline during
neurodegeneration. So far, its most significant application as a rehabilitation tool has
been with post-stroke and dementia patients. This is because the urgency dictated by
the compelling diffusion of these pathologies inevitably has led to the implementation
and search for strategies to limit the discomfort of patients in their daily lives. In fact,
stroke and dementia are two of the most occurring diseases during old age as well as
the leading causes of neurological disability and death worldwide [39]. Specifically,
every year 14 million people suffer a stroke, a number expected to increase by 34% up
to 2035 [40, 41]. As regards dementia, and especially for Alzheimer’s disease (AD),
the number of people living with dementia was estimated to stand at 55 million in
2019 and is expected to rise up to 139 million in 2050 [42].

Findings from studies investigating non-degenerative disease related to brain trau-
mas or vascular problems indicate music to be an effective means mostly for motor
and language rehabilitation [28]. As mentioned, behavioral outcomes and brain func-
tioning are related to each other; this means that altered behavior is a reflection of
altered brain circuits, necessitating neurological renormalization or strengthening of
substitute, relatively unharmed networks. The neuroplasticity capacity of the brain,
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able to provoke reorganization at both cortical and subcortical level, thus serves as
the foundation for musical approaches to neurorehabilitation. Indeed, through the
use of numerous pertinent neural circuits that are largely still guarded in the indi-
vidual, music, which is a multimodal entity that engages perception, cognition, and
motor control in the brain, serves as an effective medium for rehabilitating impaired
neurologic functions [43].

In the specific case of motor rehabilitation after stroke, the aim is to enhance motor
functions and induce and modulate plasticity through two main approaches: task-
specific training (i.e., therapeutic interventions requiring the patient actively engage
in motor skill re-learning guided by a therapist) and enriched environment; this latter
consists of creating an engaging environment that promotes multimodal sensory pro-
cessing as a result of physical, cognitive, and social activities [44]. Music-based active
interventions for motor rehabilitation, which basically consists of playing musical
instruments, encompass both approaches. Among them, one of the most investigated
in recent times is the Music-Supported Therapy (MST) [45]. MST requires an elec-
tronic keyboard and an electronic drum set to train fine (keyboard) and gross (drums)
movements, respectively. It is based on the principles of massive repetition, auditory-
motor coupling and integration (i.e., reinforcement of motor effects due to immediate
auditory feedback), shaping, tailoring the training to each individual’s progress and
emotion-motivation effects, which aids the rehabilitation process by engaging the
reward-learning system. Several studies have proven its effectiveness in both acute and
chronic stroke patients [46, 47]; see Grau-Sanchez et al. [48] for a review. These results,
moreover, match with further experimental studies reporting brain changes in stroke
patients after MST, therefore confirming and explaining the reasons behind the favor-
able outcomes of this technique from the neuroplasticity point of view. In particular, an
increase in the excitability and a cortical motor map reorganization in the sensorimotor
cortex was found [49] together with an intrahemispheric reorganization within the
lesioned hemisphere after the training [50] indicating a re-establishment of functional
connectivity between auditory and motor regions.

Another often compromised post-stroke area is that of language. Indeed, up to
40% of stroke patients experience post-stroke aphasia, a severe condition that affects
speech production and/or understanding. It has a catastrophic effect on individuals,
as it leads to lower quality of life more than any other stroke-related impairment due
to patients’ reduced participation and involvement in a range of life activities when
in such condition, with a consequent predisposition to depression [51]. Among the
most used music-based intervention designed for speech and language rehabilitation
is the NMT technique named “Melodic Intonation Therapy” (MIT). In MIT, differ-
ences and commonalities between singing and speaking are used for a therapeutic
scope: patients gradually shift from singing to speaking by intoning or singing
common phrases while tapping their left hand rhythmically, and the musical prosody
of the functional phrases or brief statements they sing or intone closely resemble
the verbal utterance’s typical speech inflection patterns [38]. The effectiveness of
MIT has been proven by several RCTs, e.g., [52, 53]. It certainly depends, first of all,
on the constructive use of the functions shared between speaking and singing dur-
ing the intervention, i.e., the acoustical perception and production features as well
as the ability of both systems to embed communicative functions in the auditory
modality [54]. Secondly, MIT power comes from its ability to induce neuroplasticity
in the damaged left hemisphere, together with greater activation in the right fronto-
temporal regions and an increased functional connectivity between motor and right
homologous language regions [55-57]. Hence, according to these findings, MIT is able

5



The Healing Power of Music Therapy and Art

to recruit undamaged homologous networks, compensating for affected speech func-
tion and help functional recovery of the compromised area. As already proposed by
other authors [28, 58], both MST and MIT are optimal rehabilitation strategies able to
promote behavioral benefits in elderly patients that still need to be grounded within
a neurobiological understanding, as they are based on central nervous adaptations
related to brain plasticity, therefore to neurobiological mechanisms underlying these
beneficial effects.

In addition to MIT, a novel approach for language rehabilitation based on a passive
music-based intervention for this type of patients, consisting in listening to vocal
music, has been explored by more recent research [59, 60]. Previous pivotal studies on
listening to music in post-stroke patients had already reported an enhancement of a
range of cognitive abilities through the increase of gray matter volume in frontolimbic
regions [61, 62]. In the case of vocal music listening, an interesting hypothesis is that
it induces neuroplasticity effects on the language network in those brain areas linked
to connected speech after stroke, such as the left frontal regions and their underly-
ing white matter tracts [63]. Initial findings from the first studies on this topic are
confirming this hypothesis: by one side, vocal music listening compared to audiobook
listening would enhance the structural connectivity frontal aslant tract, i.e., an
important tract for speech production [59]. On the other side, it would improve verbal
memory by inducing changes in the longitudinal functional connectivity in the lan-
guage network [60]. These discoveries corroborate the theory that language network
engagement can be modulated by music and add new information on the empowering
effect provoked by listening to music with sung lyrics. Thus, according to these find-
ings, vocal music would be able to connect linguistic and musical information into a
unified representation, through involvement by vocal music of bilateral frontotempo-
ral areas in a more extensive way than speech alone. In general, given the encouraging
results coming from research so far, it would be highly desirable to incorporate these
techniques into post-stroke rehabilitation programs. Starting from the broad plastic
potential for the brain language areas up to the involvement of motivation and reward
circuits useful for enhancing motor functions, they constitute an excellent tool for
functional, cognitive, and behavioral recovery of patients after stroke.

Considering tactics to promote brain plasticity in clinical settings could make a
significant contribution to intervention strategies for healing and enhancement of
functions; this could also provide people with hope for personal empowerment, as
modern neuroscience largely shows the possibility for enhancing brain plasticity [64].
However, in the case of neurodegenerative pathologies like AD, halting cognitive
decline is not feasible. Although, it is possible in any case to implement nonpharma-
cologic strategies to alleviate the symptoms and improve the life quality of demented
patients, through stimulating leisure activities able to aid their cognitive and emo-
tional capacity. Indeed, so far music-based interventions with AD patients have
been implemented to deal with a variety of related disorders: progressive cognitive
decline, memory impairment, visuospatial ability, executive function, language and
speech production as well as behavioral and psychological symptoms, i.e., depres-
sion, anxiety, apathy, agitation, emotional control deficits, and sleep disorders which
often lead to have problems living independently [65, 66]. One of the most effective
and implemented music-based interventions with AD patients consists in a passive
intervention of listening to familiar, popular, or autobiographical music in order to
recall music-evoked emotions and music-evoked autobiographical memories [67-69]
and to help patients to restore their sense of identity. This is because musical memory,
intended as a special type of semantic memory, appears to be relatively preserved in
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AD patients, differently from verbal and episodic memory. By consequence, patients
experiment with a sense of familiarity for a melodic progression regardless of timbre,
starting pitch and memory of a past event where the melody was heard, being able to
recognize a particular musical piece in any key and at any tempo [70, 71]. Hence, dur-
ing a music therapy session, it is possible to play the music they prefer both through
technological means and/or by singing or playing musical instruments, since the
mode difference will not affect the melody retrieval in memory.

At a neuroplastic level, as mentioned, listening to music is an intervention type
with a great positive effect on cognitive function as it integrates perception of sounds,
rhythms, and lyrics and the response to the sound requiring attention to an environ-
ment, which implies the simultaneous activation of cortical brain areas [29, 30, 65].
Furthermore, two more studies carried out with AD patients showed specific brain
changes after several times of listening to preferred or long-known music. In one of
them, the authors found an activation of brain regions involved in autobiographi-
cal memory (e.g., bilateral network of prefrontal, emotional, motor, auditory, and
subcortical regions like cerebellum, putamen, and limbic structures) providing a
potential mechanism by which the repeated activation of such areas can preserve
musical memory and lead to improvements in overall memory [72]. In the other one,
increases in functional connectivity in corticocortical and corticocerebellar networks
have been found after the presentation of preferred musical stimuli, suggesting the
possibility of improvements in brain network synchronization [73].

Music therapy has been included in the last Alzheimer’s Disease International
report [42] within the section named “Current and future non-pharmacological
intervention in dementia.” In the document, a distinction between mild and advanced
stages of the disease is operated according to the different relaxing or stimulat-
ing facets of music. This dual quality of music brings to music-based intervention
an extraordinary support to neurodegenerative diseases. During the mild stage of
dementia, when distress, depression, and anxiety are associated with the decrease of
cognitive performances, passive interventions as receptive music therapy to achieve
psycho-musical relaxation techniques are considered useful to reduce these disorders.
On the contrary, in the advanced stage, when verbal communication declines and
apathy becomes one of the biggest behavioral symptoms to contend with, music
interventions such as singing workshops and choirs are considered very pertinent to
fight against apathy and to stimulate verbal communication. Thus, at all stages of the
pathology, receptive, or active musical interventions have complementary impacts.
The course of symptoms is obviously a consequence of the progressive neurodegen-
eration. Along the degenerative process, BDNF levels change with an increase in the
early stages and then a decrease in the late stages, reflecting a starting compensa-
tory neuronal repair mechanism followed by an increased neuronal loss and the
consequent severity of dementia [74]. Previous studies carried out in BDNF on mice
suggest that music exposure induces a relaxing and anxiolytic effect by increasing
BDNF levels in the hippocampus [75]. It can therefore be deduced that music expo-
sure would be able to increase the BDNF concentration and the activation of BDNF
downstream signaling also in humans, but at the moment it is a mere speculation
awaiting confirmation and empirical evidence. In that case, it would be possible to
provide a molecular explanation for the role played by music in dementia and better
understand the molecular mechanisms behind music effects on brain plasticity and
AD, as well as giving more solid ground to the design of treatments [76].

Thus far, repeated music-based interventions have been observed to have long-
term effects in both stroke (3 months) and dementia (2 months) [61, 77, 78]. This is
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because a stimulation repetition, including music stimulation, allows for persisting
change in the strength of the synapse. This change takes place due to brief high-
frequency stimulations enhancing the synaptic activity between two neurons. This
causes a mechanism of long-term potentiation (LTP), which is mediated by NMDA
glutamate receptors and leads to the strengthening of neuronal circuits at synaptic
level. Specularly, the opposite effect has been defined as long-term depression (LTD),
also involving NMDA receptors and occurring during longtime low rate stimulation.
Contrary to LTP, LTD leads to decreased synaptic activity and weakening of synaptic
connections [79, 80]. Both of these processes are neural mechanisms that underlie
learning and memory and mostly occur in the hippocampus, which has been discov-
ered to have indirect functional connections with the central auditory pathway, the
fronto-medial cortex and, of course, with the remaining components of the limbic
system [81]. These networks are involved in the formation of auditory memory and,
in turn, auditory cues are involved in the formation of spatial memories [43, 82].

In sum, repeated sound stimulation and music are able to induce the LTP process,
leading to an increase of BDNF levels and thus enhancing learning and memory
abilities, which will be crucial for a comprehensive recovery of functional, cognitive,
and behavioral aspects. Such awareness should therefore lead to a novel model of
music therapy based on neuroplasticity, as claimed by a previous theoretical work
by Stegemoller explaining how music therapy works on the brain through dopamine
increase, neural synchrony, and a clear signal in contrast to noise [83]. In this regard,
it is necessary to advance the production of empirical evidence and experiment

new approaches capable of reinforcing and making the efficacy of music in clinical
contexts even more evident.

2.1 Music and brain stimulation: when unity is strength

The principle of neuroplasticity through repetition is obviously applicable to
other types of stimulation besides music. Periodical noninvasive brain stimulation is
able to induce excitability changes of the cortex similar to the long-lasting LTP and
LTD mechanism. On a behavioral level, these neuroplastic changes can be observed
in a temporary improvement of some skills’ performance [84-86]. This especially
applies to transcranial direct current stimulation (tDCS), one of the noninvasive
brain stimulation approaches that increasingly gather attention as a means for
increasing or decreasing cortical excitability, depending on the delivery of anodal
or cathodal stimulation to the cerebral cortex. This method has advantages over
other transcranial stimulation techniques, such as its ease of application, the lower
cost, and more prolonged modulating effect on the cerebral cortex; studies on its
efficacy in post-stroke patients are emerging [87], as well as initial evidence on the
positive effects on cognitive and psychiatric of patients with dementia [88, 89]. Some
pioneering studies had shown a positive relationship between tDCS and auditory,
motor, and visual processing, thanks to induced changes in the auditory cortex
[90, 91]. Even newer are the applications of brain stimulation in hybrid rehabilitation
approaches, especially in combination with music. Two recent studies with elderly
participants combining tDCS and passive music-based intervention hypothesized
that listening to autobiographically salient music is able to amplify the effects of
tDCS on cognitive skills and corresponding brain functions [36, 37]. Specifically, in
their study, Chow et al. [36] found personalized music to have the power to amplify
the effects of tDCS for working memory (WM). Indeed, the combination may
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modulate neural processing of recognition memory when memory demands are high.
Similarly, the study by Bidelman et al. [37] showed that tDCS paired with music
listening can be a viable intervention to boost cognitive and WM performance, and
in turn, receptive communication skills that decline during the lifespan. Listening

to music and particularly to songs that evoke autobiographical memories would be
then able to enhance responsivity to the effects of tDCS for older adults. This larger
effect of the combination music+tDCS than music or tDCS alone supports previous
findings in the literature demonstrating an advantage of combining tDCS with other
cognitive tasks to maximize neuroplastic effects [92]. Although participants in these
two studies were healthy elderly people, these findings are promising as they may
have potential utility for clinical older adult populations who demonstrate a need for
novel cognitive rehabilitation strategies, especially for individuals with AD and other
dementias.

Further investigations also tried to combine tDCS with a range of music-based
interventions, including active interventions. Two studies investigated the neuro-
plastic changes induced by tDCS by combining repeated sessions of anodal stimula-
tion of the left temporal cortex with sound therapy (tailor-made notched music
training) [93] or hearing aids [94], but neither study found any additional effect
of tDCS to the audiological treatment [95]. Many other studies investigated the use
of tDCS on the left temporoparietal cortex to treat the chronic subjective tinnitus
[94, 96, 97] but were also negative. Other studies were designed to target the dorso-
lateral prefrontal cortex, which is involved in the tinnitus pathophysiology [98, 99]
as well as major depression, which is a frequent comorbid disorder in tinnitus [100].
In a study by Moossavi et al. [101], they combined tDCS and tailor-made notched
music training [102], a technique based on the hemostasis mechanism which induces
the asynchrony in neural activities by lateral inhibition of neurons coding the notch
area of the tinnitus frequency [103], which reduces the auditory cortex hyperactivi-
ties [102]. In their research, they found that tDCS, in combination with the tailor-
made notched music training, was effective to reduce the loudness, awareness, and
annoyance caused by tinnitus in the short term for up to more than a month after the
end of the treatment. Additionally, this combined method revealed improvement of
cognitive abilities such as auditory divided attention, auditory selective attention,
and WM [101]. Music therapy and electric stimulation have been also used in the
rehabilitation of aphasia. In their paper, Aravantinou-Fatorou et al. [104] divided
their aphasic patients into three groups: group A, who did not perform music therapy
and had no tDCS; group B, with only music therapy; and group C, which had a com-
bined treatment with daily music therapy and tDCS. They found that when music
therapy and tDCS were added to the rehabilitation program, the group C (32.6%)
recovered to a greater extent than those patients in groups B (24.4%) and A (6.1%)
[104]. A similar result has been achieved by Vines et al. [105] by combining MIT
with a tDCS applied to the posterior inferior frontal gyrus of the right hemisphere
in patients with Broca’s aphasia. Results of their study show a greater improvement
of language fluency in patients with a combined MIT + tDCS than those who had
MIT + sham tDCS.

Overall, despite the little empirical evidence still available, it can be deduced that
the synergy between music-based interventions (both active and passive) and brain
stimulation represents an added value to more traditional therapeutic approaches.
The capacity of both to promote neuroplasticity, together with the enriched environ-
ment and the rewarding stimuli provided by music therapy in clinical setting, able of
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creating an engaging environment and promoting multimodal sensory processing,
can really constitute a resource and a model of therapy, based on neurobiological
foundations, for the well-being of the elderly person.

2.2 Music meets technology: a glimpse into the future of rehabilitation

The inclusion of new technologies in active and passive music therapy sessions
is actually already well known. With the evolution of technology and the need to
find alternative therapeutic approaches to different disorders, the combination of
traditional and innovative therapeutic techniques has become an important research
approach. Starting with the implementation of music therapy interventions by the
means of electronic devices [106], music technology has developed further in recent
years providing both post-stroke and demented patients a variety of tools for rehabili-
tation, intersecting different research areas such as music psychology, neuroscience,
music therapy, music information retrieval, music technology, medical technology,
and robotics [107]. Such tools give the chance, for example, to combine sensors
with MIDI converters to engage and stimulate consistent motor performance within
improvisation as part of motor rehabilitation after stroke. Often, the movement
location is translated to pitch height, offering an extra awareness of reach distance.

In some other cases, percussion feedback sounds on bespoke instruments are used,
allowing stroke patients to rehabilitate by drumming along to their own preferred
music [108]. Recently, for AD patients, the effectiveness of interactive music exer-
games has been also explored to improve or maintain their physical condition while
recovering past memories and an interest in social interaction [109].

The most significant innovation, probably, comes from another type of technolog-
ical intervention, increasingly used in clinical settings and investigated by research in
recent times, i.e., that based on virtual reality (VR), also indicated as an effective tool
for older adults and able to induce neuroplasticity [110]. The progress and develop-
ment of new devices to produce VR and augmented reality (AR) allow therapeutic
interventions for a wide range of disorders [111]. Moreover, the customization and
the possibility of using this type of technology make it possible to obtain low-cost and
widely used therapeutic hardware and software. Some of the research areas in which
the combination of music therapy and VR has produced greater results concern the
management of anxiety states and in the palliative care of pain [112-114]. The results
from these studies show how the combination of music therapy (in particular, the
use of musical pieces linked to the preferences of the individual subjects) and VR has
proved to be a feasible, usable, and acceptable tool for the improvement of states of
anxiety and pain, highlighting more in general an improvement in the mood of the
subjects. Furthermore, a use of these hybrid techniques has approached the treatment
of neurodegenerative disorders, with particular interest in the different forms of
dementia. The results show how the use of VR and music therapy can be a functional
and complementary solution to other nonpharmacological therapies [115, 116].
Similarly to this approach, one of our team’ research interventions will involve the
use of VR in combination with music therapy on patients with different levels of
cognitive impairment. In detail, the subjects will take part in a virtual environment
experiment with familiar auditory and visual stimuli. Subjects will also undergo
various tests to measure cognitive reserve before and after the intervention [117].
The principal aim is to evaluate neuroplastic processes and their modulation through
the combination of musical and technological strategies, with a view to cope with
cognitive decline and for a functional life.
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3. Not only rehabilitation: the importance of prevention with music

for a good elderly life

As known, the early stages of life are pivotal to maximize brain development in
order to promote lifelong neuronal enrichment and accumulate what is referred to as
“cognitive reserve.” Nevertheless, it is important to promote brain plasticity through-
out the life span. In this regard, researchers are starting to focus on the opportunity
to induce neuroplasticity in the critical period of aging and underline how crucial
it is to design engaging environments for the elderly that include activities able to
support lifelong brain plasticity, emotional well-being, social bonding, and autonomy
in everyday life [58]. A number of studies already exist on healthy older adults, e.g.,
[36, 37], providing both strategies for rehabilitation and findings on the potential
cognitive protection of music. However, it is necessary to start thinking about elderly
age not only from a rehabilitation perspective but also from a preventive point of
view. In fact, there is a gap in research exploring the potential implications of music’s
long-term influence on neuroplasticity and music as a preventive measure to protect
against impairment [11].

A good starting point in order to follow this direction is the literature available so
far indicating that both music listening and active musical making, done regularly
and frequently, have positive effects on the overall life of sick and healthy elderly.
Music listening can facilitate cognitive, emotional, and neural recovery after stroke
and support cognitive functioning, mood, and quality of life (QOL) in demented
patients [61, 65]. Active music making, like playing an instrument, singing, and danc-
ing have been shown to enhance executive functions, mood, and QOL in aged adults
[118-122]. As seen, on the one hand, listening to autobiographical music restores the
elderly’s sense of identity and helps him/her to access memory through the emotions
evoked by music. On the other hand, musical activities help older adults to connect
with other people, increasing their self-esteem and decreasing feelings of isolation
and loneliness; they have an influence on levels of hormones such as cortisol and
affect the autonomic nervous systems by decreasing stress-related activation [123]. If
regularly practiced, all musical activities offer great opportunities to maintain better
mood and QOL and compensate for the gradual cognitive and neural decline associ-
ated with normal aging, potentially having a neuroprotective effect for neurodegen-
erative diseases. To transmute these deductions into empirical evidence, long-term
studies with many years of follow-up, which are currently still lacking, and more
research are needed on the topic.

4. Conclusions

Aging is a delicate phase of life characterized by psycho-physical decline and the
onset of a variety of diseases provoked by neurodegenerative and vascular problems.
According to research carried out mostly on clinical populations, such as on post-
stroke and dementia patients, both active and passive music-based interventions
have great rehabilitative potential and can constitute an optimal nonpharmacological
treatment to be combined with traditional therapies. Moreover, neuroplasticity is now
a well-established topic when studying the effects of music on the brain. Repetition
over time of music listening and making is known to be able to induce neuroplastic
changes and thus to provoke enhancement of a range of abilities on the behavioral
level. Likewise, electrical brain stimulation techniques, including tDCS which is
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one of the most used, are able to induce long-term neuroplastic changes if repeated
over time. A combination of music and brain stimulation, as well as music and other
technology-based training like VR, is highly desirable in clinical settings with a view
to innovative and more stimulating therapeutic offer. Moreover, it is important to
ground the therapy with music on the model of neuroplasticity and, therefore, on
the knowledge of neurobiological functions to a more effective implementation in
healthcare environments. The hope is that music, with its positive functional, cogni-
tive, emotional, and social influences and its innumerable possibilities of application,
will be used as a stable tool for the well-being of the older person, not only in illness
but also as a preventive and protective measure against impairment.
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