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The Editorial on the research topic

Music, Brain, and Rehabilitation: Emerging Therapeutic Applications and Potential Neural
Mechanisms

Music is an important source of enjoyment, learning, and well-being in life as well as a rich,
powerful, and versatile stimulus for the brain. With the advance of modern neuroimaging
techniques during the past decades, we are now beginning to understand better what goes on in the
healthy brain when we listen, play, think, and feel music and how the structure and function of the
brain can change as a result of musical training and expertise. In the healthy brain, there is already
mounting evidence that a large-scale bilateral network of temporal, frontal, parietal, cerebellar,
and limbic/paralimbic brain areas associated with auditory perception, language, syntactic and
semantic processing, attention and working memory, semantic and episodic memory, rhythmic
and motor functions, and emotions and reward underlies the processing of music (Koelsch, 2011,
2014; Zatorre and Salimpoor, 2013; Janata, 2015) and to which extent this neural network could
be shaped by musical training (Kraus and Chandrasekaran, 2010; Herholz and Zatorre, 2012;
Brown et al., 2015). In the �eld of neurology, music has traditionally been studied in the context
of musical de�cits (e.g., amusia; Peretz et al., 2003), music-related symptoms (e.g., musicogenic
epilepsy; Maguire, 2015), cases of exceptional or preserved musical functions (e.g., singing in
aphasia; Johnson and Graziano, 2015), and neurological disorders of professional musicians (e.g.,
musician’s dystonia; Altenmüller et al., 2015).

During the last decade, there has been increasing interest and progress in adopting music as
a therapeutic tool in neurological rehabilitation, and many novel music-based methods have been
developed to improve motor, cognitive, language, emotional, and social de�cits in persons su�ering
from a debilitating neurological illness, ranging from childhood and adolescence [e.g., autism
(Geretsegger et al., 2014), dyslexia (Flaugnacco et al., 2015)] to adulthood and old age [e.g., stroke
(Särkämö et al., 2008; Bradt et al., 2010; Rodríguez-Fornells et al., 2012; Altenmüller and Schlaug,
2015), Parkinson’s disease (Nombela et al., 2013; Bloem et al., 2015), and dementia (Vink et al.,
2011; Baird and Samson, 2015)]. Traditionally, the �elds of music neuroscience and music therapy
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have progressed independently, providing separate lines of
evidence for how music is processed in the healthy brain and
how it can be used therapeutically. We are now �nally reaching
a point where these �elds are starting to merge and integrate,
providing novel and important information about how music is
processed in the damaged or abnormal brain, how structural and
functional recovery of the brain can be enhanced by music-based
rehabilitation methods, and what neural mechanisms underlie
the therapeutic e�ects of music (for a related discussion, see
Magee and Stewart). In the future, this information is pivotal
for increasing our understanding of how and why music works
in rehabilitation and for developing more e�ective music-based
applications that are better targeted at speci�c brain processes
and better tailored toward the individual rehabilitation needs of
patients.

With these goals in mind, we launched the current Research
Topic, jointly hosted by Frontiers in Human Neuroscience and
Frontiers in Auditory Cognitive Neuroscience, which aimed
to bring together research across multiple disciplines with a
special focus on music, brain, and neurological rehabilitation.
We invited researchers to present research addressing either
how musical skills and attributes, such as music perception,
experiencing music emotionally, or playing or singing, are
a�ected by a developmental or acquired neurological disorder
or what is the applicability, e�ectiveness, and mechanisms of
music-based rehabilitation methods in neurological patients.

We were delighted that our call was met with enthusiasm
and was answered by many research groups across the world,
resulting in altogether 27 papers published in Frontiers in
Human Neuroscience (21 papers) and Frontiers in Auditory
Cognitive Neuroscience (six papers). Twenty-three papers were
Original Research Articles, three were Reviews, and one was
a General Commentary. There were altogether 132 authors
from 14 countries (Australia, Canada, China, Cuba, Denmark,
Finland, France, Germany, Italy, Netherlands, Poland, Spain,
UK, and USA), providing an interesting cross-section to the
global state-of-the-art on research currently done in the �eld of
music, neuroscience, and neurorehabilitation. Broadly classi�ed,
the papers focused on six core topics: (i) music and hearing
impairment; (ii) music, rhythm, and language; (iii) music,
rhythm, and movement; (iv) music, learning, and memory; (v)
responsiveness to music in severe neurological disorders; and (vi)
novel sound-based technological advances. Next, we will provide
a brief overview of these studies.

MUSIC AND HEARING IMPAIRMENT

Four papers presented novel research related to deafness and
cochlear implants (CIs), auditory prostheses that restore hearing
ability via electrical stimulation of the auditory nerve. Due to the
spectrotemporally degraded nature of the sound transmission, CI
users typically face many challenges in more complex listening
tasks, such as when perceiving music. Petersen et al. report an
EEG study where they compared adolescent, prelingually deaf CI
users and normal-hearing controls for their mismatch negativity
(MMN) responses to di�erent auditory changes (pitch, timbre,

intensity, and rhythm) in a musical melodic context. Compared
to the healthy controls, the MMN responses were smaller in CI
users. Especially the MMN to pitch changes was diminished in CI
users, whereas they showed signi�cant MMNs to timbre, rhythm,
and intensity changes. Using the same musical multi-feature
paradigm and EEG, Timm et al. compared adult CI users, who
were postlingually deafened and late-implanted, with normal-
hearing controls. The adult CI users showed abolished MMNs to
complex rhythmic changes as well as smaller and later MMNs
to pitch changes, whereas they elicited MMNs comparable
to controls for timbre and intensity changes. Together, these
�ndings indicate that although both pre- and postlingually
deaf CI users have clear pitch discrimination di�culties, their
brains are nevertheless able to extract more musically relevant
information from sound than previously thought, making music-
based interventions a viable tool for CI users.

The impact of musical training on auditory perceptual and
cognitive performance in deaf children (with CIs or hearing aids)
was studied by Rochette et al. Utilizing an innovative interactive
game, they compared auditory discrimination, identi�cation,
scene analysis, and working memory as well as phonetic
discrimination between deaf children who had previously
received music lessons for 1.5�4 years and control deaf children
who had not received music lessons. The musically trained
children showed better performance in auditory scene analysis,
auditory working memory, and phonetic discrimination tasks
than the non-trained children, suggesting that musical training
in deaf children contributes to the development of auditory
attention and perception, which, in turn, can facilitate auditory-
related cognitive and linguistic skills. The link between musical
training and perception of degraded pitch was also studied by
Fuller et al. They compared normal hearing musicians and non-
musicians on tasks involving speech, vocal emotion, and melodic
contour identi�cation under normal and CI simulation listening
conditions. Better performance in musicians was observed for
vocal emotion and melodic contour identi�cation in both
conditions and for word identi�cation only in the CI condition.
Overall, this musician e�ect was stronger as the importance of
pitch in the task increased, suggesting that musical training can
be bene�cial especially for challenging pitch perception, as in the
case of the CI.

MUSIC, RHYTHM, AND LANGUAGE

The close linkage between music, rhythm, and language,
especially in the context of reading and speech production
impairments, was explored in four papers. Flaugnacco et al.
evaluated a group of dyslexic children with an extensive
battery of neuropsychological tests, phonological tasks, and
psychoacoustic and musical tasks. Results indicated a strong link
between several temporal skills, such as meter perception and
rhythm reproduction, and phonological and reading abilities,
encouraging the use of music training, especially focused on
rhythm, as rehabilitative tool in dyslexic children. Zumbansen
et al. performed a cross-over study in three stroke patients with
Broca’s aphasia aimed at evaluating the relative contribution
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