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Abstract

Neurologic music therapy (NMT) is a specific methodology of music therapy that is based on neuroscience models of music
perception and production. Codified NMT techniques are developed out of basic and applied research on the unique effects
of music on the brain. The distributed nature of neuronal networks for music processing in the brain, combined with the
precise temporal processing ability of the auditory system, makes music a valuable tool for rehabilitation of sensorimotor,
communication, and cognitive functions. A large number of clinical studies have demonstrated that music stimuli applied
systematically can yield functional outcomes in persons with stroke, Parkinson disease, multiple sclerosis, and other
conditions. The purpose of this article is to explain the neurobiological foundation of NMT and explore relevant research in

clinical populations.

Keywords

neurologic music therapy, neurorehabilitation, cortical plasticity, entrainment

Since the early 1990s, the study of music and its effect on brain
function has increased, providing insights into the neural
mechanisms involved in music engagement. A greater under-
standing of music neuroscience led to the development of a
new approach to music therapy particularly in rehabilitative
clinical practice, neurologic music therapy (NMT). Neurologic
music therapy is defined as the therapeutic application of
music to cognitive, sensory, and motor dysfunctions due
to neurological disease of the human nervous system.! As an
evidence-based treatment methodology, the foundation of
NMT is in neuroscience models of music perception and pro-
duction. Research findings in basic and applied music neu-
roscience have led to the development of codified therapeutic
techniques that address sensorimotor, speech and language,
and cognitive functioning.

Neurologic music therapy clinicians have opportunities to
receive continuing education and training in music neuro-
science, clinical assessment, and NMT techniques and appli-
cation. Since the techniques are based on models of music
perception and production, a basic understating of music neu-
roscience is essential to the understanding and selection of
NMT techniques and their potentially therapeutic application.
Research has demonstrated a rich physiological basis for the
influence of the auditory system on nonmusical functions,
which may be utilized for the rehabilitation of functional
nonmusical skills." The purpose of this article is to describe
the neurobiological basis of NMT, with particular emphasis
on its critical elements and foundations including rhythmic
entrainment.

Music in the Brain

Although the precise mechanisms involved in the perception of
music and production are not entirely understood, music neuro-
science studies have provided some insights about how music
is processed. Performing, listening, and moving to music enga-
ges regions throughout the cortex, subcortex, and cerebellum.?
These activations are not specific to music processing; rather,
music shares supramodal networks that are also utilized for
communication, cognitive, and sensorimotor functioning. These
shared networks allow for musical stimuli to engage cortical
networks that are utilized in similar nonmusical tasks, allowing
these networks to be targeted in music therapy treatment.
Another important finding that is critical to the use and
application of music in therapy is evidence of extended net-
works. Engagement with music stimuli activates cortical areas
that extend beyond the typical areas utilized in an equivalent
nonmusical task. For example, in most people speech produc-
tion is primarily left lateralized to the left inferior frontal gyrus;
however, singing activates the right and left inferior frontal
gyrus.* This is the proposed reason that a person who has lost
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the ability to speak due to a left cerebral vascular accident often
demonstrates unimpaired ability to sing. The shared and
extended networks of music processing and production allow
music stimuli to access multiple cortical areas utilized in musi-
cal and nonmusical tasks, providing a means for rehabilitating
nonmusical functioning when disease or damage occurs.

Music not only accesses shared and extended networks but
can also facilitate cortical plasticity. When compared to nonmu-
sicians, adult musicians have differences in the cortex, including
sensorimotor areas, auditory areas, and areas involved in multi-
sensory integration.>™ Cortical changes are not limited to gray
matter, as researchers have documented differences in the super-
ior longitudinal fasciculus of adult musicians.® Cortical changes
have also been demonstrated in children and adult nonmusicians
who undergo musical training. Hyde and colleagues’ demon-
strated that children who underwent 15 weeks of training on the
piano showed anatomical changes in the motor and auditory cor-
tex as well as the corpus callosum. After a few weeks of training
on the piano, adult nonmusicians have shown more connectivity
of the hand area of the sensorimotor cortex'® and preparatory
activation of the motor area when learned piano melodies are
played.'' This research demonstrates that the brain that engages
with musical stimuli undergoes changes in structure and func-
tional connectivity.

Musical engagement provides a means for optimal learning
and rehabilitative experiences. Due to the sequential and spec-
trally complex nature of auditory information, the auditory
system is proposed to be particularly sensitive to temporal
information.'? The auditory system may naturally provide a
scaffold for the encoding and processing of temporal informa-
tion, which may be further enhanced by a highly anticipatory
musical structure. Music stimuli may be rapidly encoded by
the auditory system and directly projected to subcortical and
cortical regions involved in motor planning, cognition, or
communication. This may be observed in the tendency to use
mnemonics to encode new information, such as learning
the ABCs in childhood. Collectively, this evidence on the
unique nature of how music is processed in the brain provides
a rationale for the use of music in therapy, which is further
supported by research demonstrating a rich connectivity
between the auditory system and brain regions involved in
cognitive, motor, and speech/language functions.

Rhythmic Entrainment

Similar to other musical elements, rhythm activates numerous
brain areas, including several that are utilized in motor func-
tioning including the dorsal premotor cortex (PMC), supple-
mentary motor areas, presupplementary motor area, lateral
cerebellum,'? and the basal ganglia.'* Furthermore, sound can
prime and time spinal motor neuron excitability via reticulo-
spinal pathways.'> Not only does rhythm activate motor areas
of the brain, but the oscillatory neuronal firing patterns associ-
ated with rhythm processing also directly project into the motor
system, entraining motor neuron discharge.'® This entrainment
phenomenon, resulting in closely frequency-locked auditory—

motor synchronization patterns, has been shown to be an effec-
tive means for altering or influencing the timing of movement
due to the strong physiological attractor function between audi-
tory rhythmic cues and motor response.'®

Motor entrainment to an external auditory stimulus is
quickly achieved and maintained despite perturbations in the
stimulus period.!” Small changes in the stimulus period below
the conscious level of perception result in rapid correction of
the period errors (time difference between auditory stimulus
interval and response interval), followed by a gradual adjust-
ment of synchronization error (time difference between tap and
onset of auditory stimuli). With perturbations over a 5% change
in period, there is a notable temporary overcorrection, followed
by resynchronization.!” This evidence suggests that the audi-
tory system communicates precise interval-based temporal
information to the brain, which directly influences the organi-
zation and timing of motor output. Furthermore, due to the cyc-
lic periodicity inherent in rhythm stimuli motor entrainment
appears to be anticipatory in nature.

Motor response to a rhythmic auditory stimulus precedes the
occurrence of the stimulus (termed negative asynchrony), indi-
cating that motor entrainment occurs through anticipation of the
duration of'the stimulus period. Although motor responses appear
to occur as coincidental with the stimulus, the actual response
fluctuates within milliseconds. However, despite the “slack”
in the individual response times, the response period is tightly
coupled to the stimulus period. Therefore, motor entrainment is
thought to be a self-correcting system, with random fluctuations
in motor response that occur within a tightly coupled period.'®

Although studies indicate that many areas of the cortex, sub-
cortex, and cerebellum are involved in rhythmic entrainment,
the exact process involved in auditory—motor entrainment
remains unclear. A rich connectivity between the auditory and
motor areas has been documented since early studies. Studies
by Paltsev and Elner'® and Rossignol and Melvill Jones'
demonstrated that motor responses entrained to rhythmic audi-
tory cues in adults. These researchers observed a tight coupling
between the stimulus and motor response, indicating auditory—
spinal facilitation. Subsequent studies demonstrated muscle
activation changes as a direct result of auditory cueing,*® with
suggested activation via reticulospinal connections, projections
to the cerebellum via the inferior colliculus and pontine nuclei,
and projections to the basal ganglia via thalamic projections
from the inferior colliculus.?’

Auditory—spinal facilitation is further supported by evidence
that entrainment occurs despite an interruption of neural impulses
from motor areas of the brain. Malcolm et al** applied repetitive
transcranial magnetic stimulation (rTMS) to the left ventral PMC
(vPMC) and the left superior temporal—parietal area (STP), inhi-
biting neural impulses. The period error (difference between
response interval and stimulus interval) was not affected by
the rTMS; however, there was significant increase in phase syn-
chronization (difference between auditory stimulus and motor
response). These results indicate that although the vPMC and the
STP areas are involved in motor synchronization, the absolute
period synchronization is achieved through other mechanisms.*?



230

Music and Medicine 5(4)

Additional evidence that entrainment occurs via direct
projections to the motor system comes from research demon-
strating that persons with neurological disease and disability
maintain the ability to entrain to an external auditory stimulus.
Clinical studies have demonstrated that persons with Parkinson
disease (basal ganglia deficit) respond to auditory rhythmic sti-
mulation utilized in the treatment of gait and speech.”® Persons
who have had a cerebral vascular accident damaging the sen-
sorimotor cortex have intact synchronization abilities, which
have been utilized to improve in measures of gait and volitional
movements.”* Entrainment despite cortical damage is a key
element that allows for rehabilitative goals to be met through
the employment of rhythmic stimuli.

Sensorimotor Rehabilitation

The largest body of research in NMT involves the use of external
rhythmic cueing for gait entrainment and rehabilitation. This
technique, called rhythmic auditory stimulation (RAS), involves
the specific application of external auditory cues to quickly and
precisely influence gait. Rhythmic auditory stimulation is
designed to improve temporal and spatial parameters of gait,
as the rhythmic cue provides time-based information aimed at
reestablishing functional gait patterns.”> Research over the past
15 years has indicated that RAS can be used to improve gait
parameters including step cadence, stride length, velocity, sym-
metry of stride length,>*?%*” and center of mass.?®

Rhythmic auditory stimulation has been successful in imp-
roving gait parameters of adults with Parkinson disease,?%*%-
traumatic brain injury,**>> spinal cord injury,*® stroke, 22"
multiple sclerosis,”® and Huntington disease.*' Although these
neurological disorders are comprised of different areas of cortical
damage or disease, the use of rhythmic cueing is an effective
treatment method due to priming of the auditory—motor pathway
and cueing of the movement period (gait cycle).?® These studies
indicate that auditory—motor entrainment has direct and mea-
surable effects in gait rehabilitation. Furthermore, researchers
have demonstrated that RAS can surpass outcomes achieved in
traditional Bobath/neurodevelopmental therapy*® and can faci-
litate functional therapeutic outcomes for weeks after training.*>

Rhythmic auditory cueing has also been utilized in upper
extremity studies and full body coordination*’ where the move-
ment period is facilitated by the auditory cue period. Tech-
niques in NMT directed toward these goals are called
auditory patterned sensory enhancement (PSE) and therapeutic
instrumental playing (TIMP) when functional movement pat-
terns are translated to exercises that involve actively playing
music instruments (keyboard, percussion). Persons with a
hemiparetic arm benefited from auditory rhythmic cueing,
demonstrating decreased movement variability, increased
speed of movement, and a smoothing of the movement trajec-
tory.***® Rhythmic cueing treatment also facilitated a signifi-
cant decrease in compensatory trunk movements while
increasing contribution of the shoulder.*’

One application of PSE to upper extremity exercises utilizes
rhythmic auditory cues matched with the movement of handles

in a transverse plane (see Whitall et al*® for description). This

method, called bilateral arm training with rhythmic auditory
cueing (BATRAC), has resulted in improved scores on func-
tional motor tests,*®> movement time, peak acceleration, and
hand path accuracy.*’ Although not as broadly researched as
RAS in applications related to gait, emerging evidence provides
good indication that rhythmic cueing can also be used to facili-
tate movements of the upper body and full body coordination.

Speech Rehabilitation

Speech communication is a complex skill that involves pre-
cisely timed motor sequences including the coordination of lar-
yngeal, bronchial, and oral motor structures. Research findings
have revealed several shared neural correlates between speech
and singing including the processing of pitch, melody, and tem-
poral aspects.’ When comparing singing to speech, several dis-
tinct activations have been documented, namely, greater
activation of the right hemisphere, indicative of greater bihemi-
spheric organization for singing.* Shared networks involved in
singing and speech, combined with the extended networks
documented in singing, allow treatment techniques utilizing
singing to facilitate speech rehabilitation.

One such researched application of music for speech rehabi-
litation is the use of melodic intonation therapy (MIT) for per-
sons with acquired nonfluent aphasia. Melodic intonation
therapy utilizes a person’s unimpaired ability to sing in order
to retrain speaking ability. This technique utilizes both rhyth-
mic and melodic cues, creating a predictable structure to prac-
tice sung speech phrases. Melodic intonation therapy has been
shown to improve dominant hemisphere®® and nondominant
hemisphere pathways.’'> These results indicate that music
intervention can drive cortical plasticity for speech function,
with therapeutic outcomes documented in patients more than
1 year poststroke.”'

Rhythmic speech cueing (RSC) is another NMT technique
that researchers have shown to be successful in improving flu-
ency in stuttering®® and speech production and intelligibility in
persons with dysarthria (for a review see Wan et al’*). Rhyth-
mic cueing can be used to modulate speech tempo, providing a
predictable template for intelligible speech production.
Researchers demonstrated that rhythmic cueing was most suc-
cessful in improving speech intelligibility in patients with
severe dysarthria due to traumatic brain injury.’> Rhythmic
cueing has also been used to increase intelligibility in patients
with Parkinson disease, showing that the greatest benefit was in
persons with more severely affected speech.”® Additional stud-
ies have investigated singing for overall improvements in
speech production in persons with dysarthria, with results indi-
cating positive outcomes in speech intelligibility, vocal control,
and speech volume.’®>” Other evidence-based techniques in
NMT address articulatory control and respiratory function (oral
motor and respiratory exercise [OMREX]), voice disorders
(vocal intonation therapy [VIT]), nonpropositional speech sti-
mulation in aphasia (musical speech stimulation [MUSTIM)]),
developmental speech and language delays (developmental
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speech and language training through music [DSLM]), symbolic
nonverbal communication training (symbolic communication
training through music [SYCOM]), and global facilitation of
speech production through therapeutic singing (TS).

Cognitive Rehabilitation

A clinical area of NMT that has emerging evidence in the past 10
years is in cognitive rehabilitation. A growing body of evidence
has begun to demonstrate that the temporal organization of
music can be effectively utilized for rehabilitation of attention
control, memory, psychosocial, and executive function.' Neuro-
logic music therapy techniques have been designed to address
these areas.' The use of music and rhythm for cognitive tasks
is proposed to facilitate increased neuronal network synchroni-
zation, which may result in faster encoding and learning of cog-
nitive functions. This theory has emerging evidence, as
electroencephalogram (EEG) measures of brain wave activity
indicate that musical stimuli evokes more synchronized firings
in alpha and gamma bandwidths.*®>® Furthermore, persons with
multiple sclerosis showed increased frontal network synchroni-
zation paired with more successful word recall in a music/sung
word recall task.>

Music engagement and listening may aid in the rehabilita-
tion of attention due to the activation of cortical areas involved
in attention, for example, in music neglect training (MNT).%%¢"
One study investigated music listening in the early stage of
recovery following a middle cerebrovascular accident. Results
indicated that music listening increased verbal memory and
focused attention skills.”> Memory skills have further been
documented to increase when information is paired with a
rhythmic pattern. Silverman®-®> demonstrated that adults bet-
ter recalled randomly ordered numbers when they were paired
with simple rhythms. Silverman® suggested that rhythm aided
in recall by promoting bihemispheric activation and/or the
increase in neural connectivity promoting working memory.
Preliminary studies indicate success when memory tasks are
paired with music in persons with Alzheimer disease®® and
multiple sclerosis.®” Furthermore, a study comparing musicians
to nonmusicians demonstrated that musicians have improved
auditory and visual working memory.®® There are several
memory training techniques in NMT including music mnemo-
nics training (MMT) and associative mood and memory train-
ing (AMMT). Each technique is employed based on the needs
of the client and the type of music stimuli being utilized.

Another area with emerging evidence supporting the use of
music for cognitive functioning is in executive functioning
skills. Music executive function training (MEFT) is a technique
that involves the use of rhythmic and music exercises to pro-
vide opportunities for tasks of executive functioning including
sequencing, decision making, problem solving, organizing, and
planning. Thaut and colleagues® utilized MEFT with a group
of persons who had traumatic brain injury. Results indicated
that there were improvements in mood and emotional adjust-
ment. Participants in the MEFT group also reported decreased
anxiety. Collectively, the aforementioned studies indicate that

rhythm and music can be effective in facilitating or enhancing
cognitive outcomes.

Neurologic music therapy for cognition is an area of treat-
ment that will continue to expand as more research is con-
ducted in this important area of functioning. Basic science
and initial clinical evidence supports techniques utilized to
address other cognitive functions including music attention
control training (MACT)’® and music sensory orientation train-
ing (MSOT).”"”? Neurologic music therapy techniques also
address psychosocial and emotional needs through music psy-
chosocial training and counseling (MPC), where music experi-
ences are employed to work on social competence, cognitive
reorientation, affective behavior training, and mood induction.
Music has long been utilized for psychosocial behavior train-
ing; however, this is an area where more systematic research
is needed to guide practice in music therapy.

Conclusion

Scientific evidence in music neuroscience has better informed
the field of music therapy and led to the development of NMT.
Neurologic music therapy is based on models of music percep-
tion and production, and trained practitioners can utilize
knowledge of music neuroscience to better inform therapeutic
practice. With evidence-based techniques, the NMT model
promotes standardized application, whereby communication
of techniques might lead to enhanced clinical outcomes.
Advances in research will continue to drive the development
and refinement of NMT techniques, thus improving therapeutic
outcomes in patients in need of rehabilitation. Furthermore, a
greater knowledge of NMT will evolve as more studies are con-
ducted in this important area of music therapy.
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