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Background:  Given that music therapists work across a wide range 
of disabilities, it is important that therapists have at least a fundamental 
understanding of the neurophysiology associated with the client/patient 
populations that they serve. Yet, there is a large gap of evidence regard-
ing the neurophysiological changes associated with applying music as 
therapy.
Objective:  The purpose of this article is to provide music therapists with 
a general background in neuroplasticity principles that can be applied to 
the use of music therapy with multiple populations.
Methods:  This article will review literature on neuroplasticity and litera-
ture supporting the specific attributes of music therapy that apply to neu-
roplasticity. Finally, examples of how to use neuroplasticity principles to 
explain and support clinical music therapy will be provided.
Results:  Using the material presented in this review, music therapists 
will be equipped with information to effectively communicate why music 
therapy works using three neuroplasticity principles; increase in dopa-
mine, neural synchrony, and a clear signal.
Conclusion:  Music therapy is a powerful tool to enhance neuroplasticity 
in the brain.
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In clinical practice, music therapists often assess client/patient 
progress based upon subjective and behavioral evidence. While 
much information can be obtained through these methods, evi-
dence regarding what neurophysiological changes are occurring 
can only be inferred. Given that music therapists work across a 
wide range of disabilities, a full and complete understanding of 
the neurophysiology associated with each client/patient’s disabil-
ity may be challenging. Moreover, there is a large gap of evidence 
regarding the neurophysiological changes associated with applying 
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music as therapy. Yet, to be effective at obtaining both financial 
and administrative support for music therapy services, the ability 
to explain why music therapy works from a neurophysiological per-
spective can be highly beneficial. Thus, the purpose of this article 
is to provide music therapists with a general background in neuro-
plasticity principles that can be applied to the use of music therapy 
with multiple populations. This article will (a) review literature 
that explains the concept of neuroplasticity, (b) review literature 
supporting the specific attributes of music therapy that apply to 
neuroplasticity; and (c) provide examples of how to use neuroplas-
ticity principles to explain and support clinical music therapy.

What is Neuroplasticity?

Neuroplasticity occurs in the human brain on many levels, from an 
individual neuron, to a network of neurons, to an entire region of 
the brain. For example, at the simplest level, a neuron can make 
a new connection and/or prune away a connection with another 
neuron. Additionally, networks of neurons can change the relative 
weight (i.e., some stronger connections while others are weaker 
connections) of connections among the neurons in the network. 
Finally, an entire region in the brain can reorganize (i.e., remap-
ping) such that the region is responding to a completely new set 
of stimuli. It is important to note, however, that neuroplasticity at 
all levels not only refers to emergence of new neuronal connec-
tions, but also the pruning of neuronal connections. Much like 
in music where it is the relative relationship between sound and 
silence that determines the overall perception and response to the 
music; in neuroplasticity the connectivity and nonconnectivity of 
neurons, networks, and regions also determines the perception 
and response to stimuli in the world around us.

Synaptic Plasticity.

A synapse is the point at which a neuronal signal is passed from 
one neuron to another neuron. Synapses vary across the brain. In 
general, neurotransmitters are released from the axon of one neu-
ron and cross the synaptic cleft where they bind to receptors on the 
dendrites of another neuron. This binding changes the configura-
tion of the channels allowing for molecules carrying a charge (i.e., 
sodium & potassium) to flow into and out of the dendrite (i.e., 



Vol. 51, No. 3 213

depolarization). Ultimately, the level of the charge reaches a par-
ticular value (i.e., threshold), and an action potential is elicited. 
In general, this is how neurons communication to one another. 
Synaptic plasticity is the process by which synapses are strength-
ened or weakened over time, which is dependent upon the level of 
activity at the synapse.

Bliss and Lømo (1973) were the first to discover that a few sec-
onds of high-frequency stimulation enhanced the synaptic activ-
ity between two neurons and that this change persisted for weeks. 
Thus, this phenomenon has been labeled long-term potentiation 
(LTP). It was later discovered that specific receptors, N-methyl-D-
aspartate (NMDA), mediate the LTP response (Nicoll, Kauer, & 
Malenka, 1988). At rest, the NMDA receptor is blocked by a mag-
nesium molecule. During depolarization, magnesium is expelled 
from the NMDA receptor and calcium enters the neuron triggering 
the LTP response (Nicoll et al., 1988). The properties of the NMDA 
receptor allow for specificity and associativity, which are important 
for learning and memory. For specificity, since the NMDA receptor 
is on the receiving neuron and is open only during strong stimula-
tion, LTP is specific to activated synapses rather than to all synapses 
on a given cell (Purves et al., 1997). For associativity, weak stimula-
tion may not be enough to open a NMDA receptor. Strong stimula-
tion of neighboring neurons may provide enough depolarization 
to remove the magnesium block of the weakly stimulated receptor. 
This in turn would allow for selective enhancement of neighboring 
synapses that are activated at the same time (Purves et al., 1997). 
While there is still a gap between research in synaptic plasticity and 
human behavior, these mechanisms provide a plausible basis for 
how the brain retains specific properties of an encoded memory, as 
well as how the brain associates one experience with another. Both 
of these elements are crucial for learning new behaviors or relearn-
ing previous behaviors.

Plasticity of Neuronal Networks.

While synaptic plasticity provides information about what happens 
at the level of an individual neuron, human behavior is not con-
trolled by one single neuron, but rather networks of neurons that 
often have the same function. Thus, the strength of connections 
between a network of neurons, as well as the level of excitability 
and inhibition can also change.
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While it is important to understand that LTP leads to the 
strengthening of synapses, the opposing process also occurs, long-
term depression (LTD). LTP requires a brief high rate of stimula-
tion. In contrast, LTD occurs during low rate stimulation for long 
periods of time (Mulkey & Malenka, 1992). Interestingly, both LTP 
and LTD involve the activation of NMDA receptors. The difference 
between what happens next is dependent on the amount of cal-
cium that flows into the neuron. Short high rate stimulation results 
in release of large amounts of calcium, which trigger a set of mech-
anisms that lead to increased synaptic activity (Purves et al., 1997). 
Long low rate stimulation results in the release of small amounts of 
calcium, which trigger a set of mechanisms that lead to decreased 
synaptic activity (Purves et  al., 1997). Thus, within a network of 
neurons with many synaptic connections, the processes of LTP 
and LTD act in a “push-pull” manner and can change the relative 
strength of multiple synapses within the network.

Connections between neurons can be excitatory (i.e., increases 
the likelihood of an action potential) or inhibitory (i.e., decreases 
the likelihood of an action potential). In a network of neurons with 
multiple synapses, it could be expected that some are excitatory 
and some are inhibitory. LTP could increase activity of an excita-
tory connection and/or inhibitory connection, while LTD could 
similarly decrease the activity. Therefore, the level of excitation 
and inhibition within a neuronal network could also be modulated 
in the same LTP/LTD “push-pull” manner.

Cortical Remapping.

Most of the research in LTP and LTD has focused on areas of the 
brain that are involved in memory and learning, such as the hip-
pocampus and cerebellum. In clinical music therapy practice, 
learning new behaviors and retaining these behaviors is one focus, 
but there is also a focus on restoring lost behaviors or finding alter-
native behaviors. Thus, cortical remapping is a critical component 
in explaining how the brain is able to restore and/or use alterna-
tive pathways. In short, in sensory areas of the brain (e.g., soma-
tosensory cortex, visual cortex, and auditory cortex) the arrange-
ment of receptive fields (i.e., areas of the brain that respond to 
a specified stimulus) can change in response to altered circum-
stances (Jenkins, Merzenich, Ochs, Allard, & Guic-Robles, 1990; 
Gilbert & Wiesel, 1992). For example, research has shown that 
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hand representation in the somatosensory cortex will change after 
amputation of a digit, such that neighboring brain areas will take 
over the area of the brain that was previously devoted to the ampu-
tee (Merzenich et al., 1984). This would suggest that the brain is 
capable of altering pathways based on experience. However, these 
changes most likely reflect the strengthening and weakening of 
synapses already present rather than rewiring. Thus, experiences 
aimed at restoring behavior (i.e., strengthening previously used 
synapses) and/or alternating behaviors (i.e., strengthening new 
synapses and weakening unused synapses) may result in cortical 
remapping.

The Critical Period.

 Neuroplasticity is not the same throughout the lifespan. There is 
a time in which the changes in the brain are mainly due to the for-
mation of new connections. From birth until about the ages of 2 to 
3, millions of new connections between neurons are being made. 
Little to no pruning is taking place (Neville & Bavelier, 2002). It is 
important to note that during this time the number of connections 
is increased, but not the number of neurons. It is during this time 
that children are “soaking” up the world around them. It is crucial 
that children are exposed to appropriate stimuli during this time 
(termed “critical period” to underline its importance), as these expe-
riences set the neuronal structure for future plasticity. Research has 
shown that abnormal experience of any kind in humans can lead to 
abnormal patters of brain circuitry that cannot be overcome later in 
life. For example if infants are born with cataracts, and the cataracts 
are not removed until later in life, they will never recover normal 
vision. However, if adults develop cataracts that are removed, normal 
vision is restored (Purves et al., 1997). Likewise, persistent auditory 
deprivation during the critical period can lead to deficits in lan-
guage that are not overcome later in life (Purves et al., 1997). While 
the changes described in the research are extreme, it is assumed that 
similar mechanisms occur across other neural systems.

From about the age of 3 to 6, the brain continues to make new 
connections, but now there is an increase in pruning. However, 
there are still substantially more new connections than pruning 
(Neville & Bavelier, 2002). Around the adolescent years, the rates 
between making new connections and pruning evens out and it 
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is not until the early 20s that the brain is completely “wired” for 
one’s lifespan (Gogtay et al., 2004). In fact, different brain regions 
develop at different times up until the early 20s, with the motor 
and sensory areas being among the first regions to develop and the 
frontal cortex being the last area to develop (Gogtay et al., 2004). 
Fortunately, even though the brain is “wired” by the early 20s, neu-
roplasticity at all levels as discussed above continues until death. 
It is important for music therapists to understand that the brain is 
ever changing and we possess unique tools to create positive brain 
changes throughout the lifespan from birth to death.

Neuroplasticity Model for Music Therapy

Music and Dopamine

Dopamine is a neurotransmitter in the brain that has been shown 
to be involved in motivation and reward-seeking behavior (Dayan 
& Balleine, 2002; Morita, Morishima, Sakai, & Kawaguchi, 2013; 
Salamone & Correa, 2002), working memory (Sawaguchi & 
Goldman-Rakic, 1991) and reinforcement learning (Montague, 
Dayan, & Sejnowski, 1996; Wise, 2004). Most importantly, research 
has shown that the response of dopamine neurons is transferred to 
stimuli during learning (Romo & Schultz, 1990; Schultz, 1992). For 
example, when an auditory cue precedes a food reward for com-
pleting a new task, dopamine neurons fire in response to the food 
reward at first. Once the task is learned, dopamine neurons trans-
fer firing to the auditory cue demonstrating that the dopaminergic 
system may be responsible for predicting with temporal precision 
future reward events (Montague et  al., 1996). This type of rein-
forcement signaling has been shown to be mediated by dopaminer-
gic neurons in the nucleus accumbens (NAc) and ventral tegmen-
tal area (VTA), which have widespread projections to the cortex 
(Bao, Chan, & Merzenich, 2001; Montague et al., 1996; Salamone 
& Correa, 2002; Wise, 2004). Thus, paired stimulation of dopamin-
ergic neurons in the VTA and sensory stimuli has been shown to 
result in cortical remapping (Bao et al., 2001). Taken together with 
research that has demonstrated that dopamine modulates LTP 
(Gurden, Takita, & Jay, 2000; Otmakhova & Lisman, 1998), it is 
well accepted that dopamine plays a vital role in neuroplasticity.
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Recently, neuroimaging studies have revealed that listening to 
music stimulates dopaminergic regions, including the NAc and 
VTA (Koelsch, Fritz, Müller, & Friederici, 2006; Menon & Levitin, 
2005; Salimpoor, Benovoy, Larcher, Dagher, & Zatorre, 2011). 
This suggests that music listening may stimulate the same neural 
network as that involved in reinforcement learning and reward 
(Chanda & Levitin, 2013). Moreover, research has shown a strong 
link between these regions and cognitive subsystems, including 
the orbito-frontal cortex, an area of frontal cortex responsible 
for encoding the temporal aspects of memory (Duarte, Henson, 
Knight, Emery, & Graham, 2010) and emotional prosodic process-
ing (Paulmann, Seifert, & Kotz, 2010). While the results of these 
studies are limited to music listening, mainly listening to pleasur-
able music, they demonstrate the potential of music when applied 
therapeutically to facilitate neuroplasticity. The goal of music ther-
apy is not to improve music performance, but rather a functional 
goal to improve nonmusic performance. Music is paired with a 
task to be learned or relearned. Given that music stimulates activa-
tion of dopaminergic regions of the brain responsible for motiva-
tion, reward, and learning, and that dopamine release from these 
regions may regulate neuroplasticity mechanisms (e.g., LTP), music 
therapists may be providing an enhanced learning environment 
for nonmusic tasks/behaviors through music-stimulated dopamin-
ergic mediated neuroplasticity mechanisms. In other words, music 
serves as the reward and motivation for the completion of nonmu-
sic tasks/behaviors. As in the example above where dopaminergic 
firing transferred from the food award to the auditory cue, music 
therapists have the unique capability to potentially transfer dopa-
minergic firing from music (i.e., reward) to the nonmusic task/
behavior. Once dopaminergic firing has been transferred to the 
nonmusic task, the synaptic connections may be strengthened by 
LTP, which is mediated by dopamine, ultimately leading to the 
learning of a new task/behavior from which the music reward (i.e., 
music therapy) can be faded.

Music and the Hebbian Principle

The cellular basis for learning has its roots in a principle first pro-
posed by Hebb in 1949. Hebb stated that “when an axon of cell A is 
near enough to excite a cell B and repeatedly or persistently takes 
part in firing it, some growth process or metabolic change takes 
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place.” (Hebb, 1949). It has since been demonstrated that synaptic 
plasticity is dependent on the temporal order of the two inputs 
(Levy & Steward, 1983). In other words, neurons that fire together 
within less than tens of milliseconds wire together (Caporale & 
Dan, 2008), otherwise known as the Hebbian Principle. This prin-
ciple has been long established in the neuroplasticity literature, 
but there has been no research regarding its relationship to music. 
Thus, the following application of the Hebbian Principle remains 
a theory that needs research support.

Rhythm is an inherent property of music that often leads to 
entrainment, defined as two oscillating agents that adapt a com-
mon phase and period (Rosenblum & Pikovsky, 2003). Research 
has demonstrated that movement, vocalization, breathing, and 
heart rate can be entrained to music (Miendlarzewska & Trost, 
2013; Müller & Lindenberger, 2011). However, maybe more 
importantly to music therapy is that, neural populations can also 
be entrained by sensory stimulation (Gander, Bosnyak, & Roberts, 
2010; Miendlarzewska & Trost, 2013). While most literature regard-
ing entrainment and brain plasticity suggest that entrainment pro-
duces a facilatory effect on attentional resources (Miendlarzewska 
& Trost, 2013), the underlying neural mechanism of this effect 
remain under explored. The Hebbian principle may indeed pro-
vide a reasonable theory for neuroplasticity with music therapy. As 
stated above, music therapists pair nonmusic tasks/behaviors with 
music. Often the nonmusic function is paired with rhythm. Thus, 
if a nonmusic function is entrained with music, then it may be 
deduced that music is synchronizing neural populations involved 
in not only the areas of the brain involved in perceiving the music 
but also those areas involved in the control of the nonmusic task/
behavior. Following the Habbian principle, this synchrony of neu-
ral firing would strengthen the synapses involved with the control 
of the nonmusic task/behavior leading to neuroplasticity and the 
acquisition/learning of the nonmusic task/behavior.

Music versus Noise

Recent studies have shown that noise can negatively affect neu-
roplasticity. Exposure to noise can increase stress, which is medi-
ated by the limbic system, the area of the brain that controls 
emotion. This increase in stress then impairs both cognition 
and memory (Amemiya et  al., 2010; Hirano et  al., 2006; Kraus 
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& Canlon, 2012). Specifically, high stress hormone levels sup-
press LTP in the hippocampus, a deep structure within the brain 
that is involved in memory (Lynch, 2004; Maggio & Segal, 2010). 
Moreover, chronic exposure to noise during development can 
have severe implications. Changes in the auditory system (Chang 
& Merzenich, 2003), hippocampus (Kim et al., 2006; Kraus et al., 
2010) and limbic system (Roozendaal, McEwen, & Chattarji, 
2009) after exposure to noise prenatally may lead to decreased 
memory function and anxiety in adulthood in animal models. In 
contrast, exposure to music has revealed opposing affects. Long 
term exposure to music leads to improvements in spatial learning 
and enhanced learning performance, presumably due to changes 
in the hippocampus in animal models (Kim et al., 2006; Meng, 
Zhu, Li, Zeng, & Mei, 2009). This would suggest that exposure 
to music promotes neuroplasticity while noise suppresses neuro-
plasticity. Yet, there remains a need to further understand what 
type of music signal is best for a developing brain. Extending the 
results of the studies above into music complexity, a less complex 
music stimuli may indeed be better than a more complex music 
stimuli, given that the more complex music stimuli may carry 
more “noise” within its acoustic structure. Nonetheless, research 
has suggested that extensive music training and experience leads 
to changes in the brain (Kraus & Chandrasekaran, 2010; Zatorre 
& McGill, 2005).

Reasoning for why music promotes neuroplasticity in the human 
brain may lie in the acoustic structure of music itself. Research has 
suggested that the acoustic signal of song is more consonant than 
that of speech and that professional musicians have less “noise” 
in both their spoken and sung signals (Stegemöller, Skoe, Nicol, 
Warrier, & Kraus, 2008). Thus, music therapists, who are profes-
sionally trained musicians, may be able to minimize the amount of 
noise in their vocal signal by optimizing the resonating precision 
in the vocal and/or instrumental sound (Stegemöller et al., 2008). 
Taken together with the evidence that noise suppresses neuroplas-
ticity, while music promotes neuroplasticity, this would suggest that 
music therapists possess a unique ability to promote neuroplasti-
city when working with various populations just through their vocal 
and/or instrumental sound alone. Sung text by a professional 
music therapist may be more easily processed in the brain than 
spoken text.
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In conclusion, music therapy has the unique ability to promote 
neuroplasticity through the increase of dopamine production, the 
synchrony of neural firing, and the production of a clear signal. 
Much of what is taught and inherently known in music therapy 
has roots in neuroplasticity. Music therapists are taught to pair 
nonmusic tasks/behavior with music. This in itself is a basic prin-
ciple of neuroplasticity, but now there is more research support-
ing music as a rich neuroplasticity tool. What makes music therapy 
work, though, is the ability of music therapists to know how to use/
manipulate music to shape the neural responses that underlie cli-
ent/patient behavior. Like the sculptor who meticulously adds and 
cuts away until a final masterpiece is revealed, music therapists are 
the artists that use music to prune and create new neural connec-
tions resulting in a beautifully crafted masterpiece.

Applying the Neuroplasticity Model to Clinical Practice

Given the literature that supports and suggests that music pro-
motes brain plasticity, it is important that music therapists are able 
to apply this information to clinical practice, as well as convey the 
information to other professionals in the medical field. Music ther-
apists are well versed as explaining “what” music therapy is, but 
now it is imperative for music therapists begin to explain “why” 
music therapy works. The following section will provide examples 
of how to use the neuroplasticity model of music therapy to explain 
why music therapy works across five domains. It is emphasized that 
the following are examples and are not intended to be all-inclusive. 
There is much more to be covered within the field of music ther-
apy, but remains outside the scope of the current review.

Social

A common goal in music therapy is to increase interaction with 
peers. In this case, a music therapist may have patients/clients 
share instruments, play and/or sing together during a session. For 
example, it may be observed that in a nonmusic environment the 
patient/client does not exchange toys independently or upon ver-
bal cues, and may become upset when continually prompted to do 
so. Therefore, the music therapist develops the goal to increase 
social interaction with peers through sharing and turn taking. The 
objective is for the patient/client to successfully pass an instrument 
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to a peer 3 out of 5 times for five consecutive sessions. An interven-
tion to address this specific objective may include playing an instru-
ment until the music stops. Once the music stops, the patient/
client must trade instruments with another patient/client before 
the music begins. So, why does music therapy work? There may be 
several underlying reasons for why a patient/client has decreased 
interaction with peers, but the general neural mechanism for 
increasing interaction with peers may be the same across individu-
als. By using preferred music, music therapy increases dopamine 
in the reward centers (i.e., VTA & LC) of each individual’s brain. 
By using preferred music, music therapy is tailored to meet the 
specific elements of music that each individual finds rewarding 
increasing the patient/client-specific neural response. By not start-
ing the music until the patient/client has traded instruments, the 
music therapists is pairing (i.e., synchronizing neural activity) the 
reward of music (i.e., increasing dopamine) to facilitate new neu-
ral connections that wire social interaction with a positive feeling 
of success. With repetition, this connection will continue to grow 
stronger and stronger until finally the patient/client can trade 
instruments and/or toys on their own, without music, because a 
new connection in the brain has been made.

Emotional

There are many goals and objectives in music therapy that target 
emotional expression. An example in this domain may include 
the observation of a patient/client in a nonmusic environment in 
which the patient/client shows no emotional response to distress-
ing events. Therefore, a goal in music therapy may be to increase 
appropriate emotional expression through assisted music compo-
sition with the objective of completing one composition within 
one month of music therapy sessions. Often times patients/clients 
may have the neural connections that allow them to appropriately 
express their emotions, but are actively inhibiting the use of the 
connections due to various outside environmental circumstances. 
In this example, music therapists would be working towards remod-
eling the neural networks responsible for appropriate emotional 
expression, potentially decreasing inhibition in some neurons and 
increasing excitation of other neurons within the neural network, 
per se. Again, pairing preferred music with appropriate emotional 
expression through music composition provides a synchronized 
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dopaminergic reward that may strengthen the connections asso-
ciated with appropriate emotional expression, while suppressing 
connectivity associated with inappropriate emotional expression. 
Moreover, the clear signal of the music may potentially be encoded 
more efficiently than the noisier signals of the environment that 
may be influencing the patient/client’s emotional expression.

Cognitive

Music therapists address multiple cognitive goals. Often specific 
songs are created to help patients/clients learn or relearn proce-
dural skills, like brushing teeth, to declarative information, like 
mathematical facts. Upon interview with a patient/client, the 
patient/client expresses interest in learning or relearning to drive 
a car. Thus, a specific goal may be to learn how to drive a car. Given 
that driving a car involves being able to complete 2 to 3-step pro-
cesses (e.g., insert a key, turn the key, put the car in drive), a spe-
cific objective may be for the patient/client to complete a 3-step 
process in the correct order for 3 out of 5 trials for five consecutive 
sessions. To accomplish this goal the music therapist may create 
a simulation of the 3-step process of starting a car using various 
instruments, as well as a song with the instruction embedded in 
the lyrics. As above, the same process of pairing nonmusic infor-
mation with music leads to neuroplasticity (e.g., making new con-
nections for starting a car) through dopaminergic release and 
neural synchrony. However, probably the most important aspect 
of the neuroplasticity model for music therapy in this example 
would be that music is a clear signal. Conveying cognitive infor-
mation through speech may be more “noisy” than through song. 
For a patient/client that may be developmentally delayed or suffer 
from brain injury, the “noisy” signal may not be perceived well and 
would make the learning or relearning of a cognitive task very chal-
lenging. Therefore, pairing cognitive information with a song per-
formed by a music therapist, who is professionally trained musician 
and has a clearer signal than nonmusicians, would promote neu-
roplasticity because the information conveyed would potentially be 
better encoded in the brain.

Speech and Communication

Improving speech and communication is another common goal 
in music therapy. As communication contains social, emotional, 
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and cognitive components, most of the information presented for 
previous examples in those areas would also apply to communica-
tion. However, the production of speech is a unique area where an 
example of applying the neuroplasticity model of music therapy 
may be beneficial. It is observed upon interview that the patient/
client speaks very softly and the caregiver also complains that it 
is difficult to hear the patient/client. Thus, a proposed goal may 
include increasing vocal loudness with the objective to increase 
vocal loudness to a particular range, measured with a decibel 
meter, for three out of five trials for five consecutive sessions. From 
a speech therapist and professional musician point of view, there 
is a proper way to produce a healthy full (i.e., loud) sound that 
would limit harm to the voice. A  music therapist may introduce 
proper breathing techniques and emphasize creating a full sound, 
rather than a loud sound, when singing. So then, how can neu-
roplasticity explain the potential positive changes in the speaking 
voice? Patients/clients have to first learn how to breathe properly 
until it becomes a more automatic way of breathing so that it may 
transfer to everyday life speaking situations. Once again, pairing 
music with proper breathing techniques strengthens the neural 
connections associated with breathing, until they are more auto-
mated, by stimulating the release of dopamine and through neural 
synchrony. Interestingly the application of a clear signal may play 
a slightly different role when targeting speech improvements. The 
music therapist is providing an auditory model of sound for which 
the patient/client is trying to emulate. Therefore, it is important to 
model sound that is not as noisy. In addition to promoting neural 
plasticity, eliminated noise in a signal can also increase harmonic 
resonance and in turn vocal loudness.

Movement

The final domain that music therapists target in their clinical 
work is movement. One particularly interesting effect of music is 
that when a patient/client has difficulty walking, they can often 
overcome these difficulties by walking in time with music. It is 
observed that when a patient/client is walking around chairs, the 
patient/client takes small steps and eventually freezes and is no 
longer able to walk. A specific goal would be to improve walking, 
with the objective being to increase stride length by 25% after 
10 music therapy sessions. The application of the neuroplasticity 
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in this case involves cortical remapping. In motor control, there 
are many cortical brain areas, and in turn different pathways, 
involved in the control of movement. For example, there is a path-
way for the control of self-initiated movements and a different 
pathway for externally initiated movements. Self-initiated move-
ments are those of an individual’s own intent to move. Externally 
generated movements are those movements made in response to 
an external cue, whether visual, auditory, or tactile. Therefore, 
when a patient/client walks in time with music, they are using 
a different pathway (i.e., externally generated) than when they 
walk on their own (i.e., internally generated). By pairing music 
with walking, a clear signal that increases dopamine and neural 
synchrony leads to the strengthening of an alternative nonim-
paired pathway (i.e., cortical remapping). Moreover, by provid-
ing specific timing and amplitude cues within the music, specific 
elements of walking (e.g., such as increasing stride length) can 
be targeted further reinforcing a new walking pattern. Once this 
externally generated pathway is sufficiently strengthened, the 
patient/client can reduce the amount of external cueing (e.g., 
patient/client can sing in their head instead of aloud) needed 
to facilitate walking through the use of this alternative pathway.

Conclusion

In conclusion, music is a powerful tool to enhance neuroplasticity 
in the brain. Music therapists are especially skilled at using music 
to change nonmusic behavior and are aware that processes gov-
erning the change in behavior are due to changes in the brain. 
However, there has been limited explanation regarding exactly 
what neural mechanisms may underlie these changes. In this 
paper, a neuroplasticity model of music therapy has been proposed 
and examples of how to apply this model have also been provided. 
Three principles, increase in dopamine, neural synchrony, and a 
clear signal, can be used to explain why music therapy works. It is 
important to note that the proposed model is only a theory, and 
much more research is needed. In any case, it is hoped that the 
model will provide a method to effectively communicate the amaz-
ing potential of music therapy to change neural connectivity.
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