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Abstract: The healing influence of music was talked about and proved from long ago. Nowadays, the
research done in the field of music therapy show the benefits obtained with the help of the new measur-
ing instruments or new discoveries in neuroscience. Researchers mainly focus on quantifying changes in
individual behaviors, providing evidence that music therapy is an influential intervention for a variety of

clients and a variety of disorders. The aim of this paper is to explain how music therapy works, thus to find
evidence regarding the neurophysiological changes associated with applying music as a therapy through

the simple principles of neuroplasticity.

Introduction

In practice, music therapists usually assess the
individuals’ progress based upon subjective and be-
havioral evidence. As music therapists work across
a wide range of disabilities, a full and complete un-
derstanding of the neurophysiology associated with
each client’s disability may be challenging. More-
over, there is a large gap of evidence regarding the
neurophysiological changes associated with apply-
ing music as therapy.

Defining Neuroplasticity

According to Professor Elisabeth Stegemoller,
neuroplasticity is “the ability of the brain to change
throughout a person’s life span as a consequence
of sensory input, motor action, reward, or aware-
ness.”’[1] It occurs in the human brain on many
levels, from an individual neuron, to a network of
neurons or an entire region of the brain. Therefore,
neuroplasticity encloses changes from individual
synapses to entire cortical networks. It is known that
the relative weight connections among the neurons
in the network could be change (e.g. some connec-
tions are stronger than others). It is also known that
an entire region of networks in the brain could be re-
organized to respond to a totally new set of stimuli.

However, neuroplasticity not only refers to the
emergence of new neuronal connections, but also
to pruning the existent ones. It is similar to music

where the relative relationship between sound and
its absence (complete silence) determines the gen-
eral perception and response to the music. There-
fore, in neuroplasticity both, the connectivity and
no connectivity of neurons, networks, and regions
determine the perception and response to stimuli.
The human behavior is not controlled by one single
neuron, but rather by networks of neurons that often
have the same function. The strength of connections
between a network of neurons, as well as the level of
excitability and inhibition can also change.
Information about what happens at the level of an
individual neuron is provided through synaptic plas-
ticity. Synaptic plasticity is the process by which
synapses are strengthened or weakened over time.
It is dependent on the level of activity existent at the
synapse. A synapse is the point at which a neuronal
signal is passed from one neuron to another neuron.
Neuroplasticity is not the same throughout the
lifespan. There is a time in which the changes in the
brain are mainly due to the formation of new con-
nections. 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. It is
important to note that during this time the number of
connections is increased, but not the number of neu-
rons. It is during this time that children are “soak-
ing” up the environment, the world around them. It
is crucial for children to be exposed to appropriate
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stimuli during this time (termed "critical period" to
underline its importance), as these experiences 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.
Likewise, persistent auditory deprivation and visual
impairment during the critical period can lead to
deficits in language or visual problems that are not
overcome later in life. While the changes described
in the research are extreme, it is assumed that simi-
lar 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. Around the adolescent
years, the rates between making new connections
and pruning evens out and it is not until the early
20s that the brain is completely “wired” for one's
lifespan. In fact, different brain regions develop at
different domes up until the early 20s, with the mo-
tor and sensory areas being among the first regions
to develop and the frontal cortex being the last area
to develop. Fortunately, even though the brain is
“wired” by the early 20s, neuroplasticity at all levels
continues until death.

So, it is of great importance for music therapists
to understand that the brain is ever changing and we
possess unique instruments to create positive brain
changes throughout the lifespan, from birth to death.

How Does Neuroplasticity Influence Music Ther-
apy?

The goal of music therapy is to determine changes
in a patient, either behavioral or emotional. These
changes are sustained by the changes in the brain.
According to professor Stegemdller there are three
principles of neuroplasticity that could explain how
music therapy works.

Brain’s Reward Circuity

The first one is the brain’s reward circuitry. Nu-
merous studies based on research made in neurology
proved that dopamine is a primary neurotransmitter
involved in neuroplasticity. It has been shown to be

involved in motivation and reward-seeking behav-
ior, working memory and reinforcement learning.
If before dopamine was known to be is induced by
a certain food or drugs, recent neuroimaging stud-
ies showed that enjoyable music activates as well
these reward networks. [1, 2] This suggests that mu-
sic listening stimulates the same neural network as
that involved in reinforcement learning and reward.
Moreover, it had been shown a strong link between
these regions and cognitive subsystems, including
the orbit-frontal cortex, the area responsible for en-
coding the temporal aspects of memory and emo-
tional prosodic processing.

While the results of these studies are limited to
mainly listening to pleasurable music, they also
demonstrate the potential of music in general when
applied therapeutically to facilitate neuroplasticity.

The Hebbian Principle

The second principle in neuroplasticity is the
Hebbian theory summarized by the neuroscientist S.
Lowel in two sentences: “neurons that fire together,
wire together.” [4] It means that, in order to make a
new connection or strengthen an existing one, two
neurons have to start action potentials synchronous-
ly. It was showed in numerous studies that rhythm
links human behaviors to external different stimuli
inducing synchrony in the neural networks sup-
porting the behaviors. Activities such as dancing,
singing, or simple deep breathing exercises make
changes in the heart rate. In other words, the auto-
matic nervous system of the brain is responsible for
the regulatory processes that sustain human life, be-
ing dependent upon a certain rhythm such as sleep,
heart rate and breathing.

Rhythm is an inherent property of music that of-
ten leads to entrainment, defined as “two oscillating
agents that adapt a common phase and period. [5]
Research has demonstrated that movement, vocal-
ization, breathing, and heart rate can be entrained
to music. However, maybe more importantly to
music therapy is that, neural populations can also
be entrained by sensory stimulation. While most
literature regarding entrainment and brain plastic-
ity suggests that entrainment produces an effect on
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resources regarding attention, the underlying neural
mechanism of this effect remains underexplored.

The general opinion of specialists is that the Heb-
bian principle may indeed provide a reasonable the-
ory for neuroplasticity with music therapy. As stated
above, music therapists pair non-musical tasks, be-
haviors with music. Often the non-musical function
is paired with rthythm. Thus, if a non-musical func-
tion is entrained with music, then it may be deduced
that music is synchronizing neural populations in-
volved in not only the areas of the brain involved
in perceiving the music, but also in those areas in-
volved in the control of the non-musical behavior.
The role of a music therapist should be to pay atten-
tion to increasing “the simultaneous firing of neu-
rons in brain areas involved in the control of those
behaviors, strengthening neuronal connectivity and
leading to faster and more-permanent changes in
their patients.” [6]

Clarity of Sounds

The third principle says that the structure of mu-
sic is based on acoustic elements, so it could explain
the differences in the impact of noise versus music
on neuroplasticity. Music is considered to be the op-
posite of noise. It is calmness and harmony versus
disturbance.

Music is seen as a large amount of sounds ar-
ranged more or less harmonic, the sounds are con-
tinuous and regular vibrations. What heals in music
therapy is the resonance given by these vibrations.
Noise is seen as being of a certain frequency spec-
trum (the energy or power per frequency interval.)

Researchers found the evidence of the effect giv-
en by the noise. They briefly describe the difference
between the pink and the white noise as follows. The
pink like noise (of 1/f frequency) is the frequency
that carries an equal amount of noise energy. It is
considered to be the most relaxing frequency, oc-
curring widely in nature (e.g. the sound of the sea).
On the other hand, the white noise is created by a
range of frequencies uniformly distributed, used to
increase sensitivity to regular surrounding sounds
or to cover background noises. [7] Recent studies
have shown that noise can negatively affect neu-

roplasticity. Exposure to noise can increase stress,
which is mediated by the limbic system, the area of
the brain that controls emotion. As follows, the in-
crease in stress affects both cognition and memory.
Moreover, chronic exposure to noise during devel-
opment can have severe implications. Changes in
the auditory system, hippocampus and limbic sys-
tem after exposure to noise prenatally may lead to
decreased memory function and anxiety in adult-
hood in animal models. In contrast, exposure to
music has revealed opposing affects. As proved in
music therapy, long term exposure to music leads
to improvements in spatial learning and enhanced
learning performance.[8] This would suggest that
exposure to music promotes neuroplasticity while
noise suppresses neuroplasticity.

Yet, what type of music signal is best for a devel-
oping brain? This is a question hard to be answered
to. Extending the results of the studies about music
complexity and its impact on music therapy, we say
that less complex music stimuli may be better than
more complex music stimuli given the fact that more
complex music stimuli carry on more “noise” within
its acoustic structure.

Reasoning for why music promotes neuroplasti-
city in the human brain may lie in the acoustic struc-
ture of music itself. Research has suggested that the
acoustic signal of a song is more consonant than that
of a speech and that professional musicians have less
“noise” in both their spoken and sung signals. Mu-
sic therapists, trained as musicians as well, 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. It is suggested that
music therapists possess an unique ability to pro-
mote neuroplasticity when working with different
clients just through their vocal and/or instrumental
sound alone. Also, the sung text may be more easily
processed in the brain than spoken text.

In order to use clear acoustic signals, to minimize
the amount of noise and optimize the resonating
precision of their musical sounds, it is recommended
to have music therapists professionally educated like
musicians playing rather well different instruments
as well as to be proficient in vocal training.
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Applying the Neuroplasticity Model

Nonetheless, research has suggested that exten-
sive music training and experience leads to changes
in the brain. Thus, neuroplasticity in the brain of
the clients may be provided. So is the potentially
decreasing inhibition in some neurons and increas-
ing excitation of other neurons within the neural
network.

Again, pairing preferred music with emotional
expression through music composition provides
a synchronized dopaminergic reward that may
strengthen the connections associated with related
emotional expression while suppressing connectiv-
ity associated with the unrelated one. Moreover, the
goals in music therapy precisely to increase social
interaction, emotional expression, cognitive learn-
ing of skills, speech and communication improve-
ment, and, not the last, to facilitate movement, are
fulfilled through neuroplasticity. [9] Actually, much
of what is taught and inherently known in music
therapy has roots in neuroplasticity.

5 Conclusion

In conclusion, music is a tool that enhances neuro-
plasticity in the brain. Through music therapy non-
musical behavior could change, the processes gov-
erning the change in behavior leading to changes in
the brain.

The potential of music therapy to change neural
connectivity being explained by the three principles
of neuroplasticity: the increase in dopamine, neu-
ral synchrony and a clear signal, underlie the posi-
tive effects of music therapy. This fact is once more
proving the use of music by therapists to really help
people with different physical and emotional disor-
ders. Like the sculptor who meticulously adds and
cuts away the material, music therapists are the art-
ists that use music to prune and create new neural
connections resulting in a beautifully crafted mas-
terpiece revealed to the world.
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