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Abstract

The impact of auditory stimuli, such as dissonance, atonal music, and noise,
on the brain's neuronal development is a topic of growing interest across
various disciplines, from neuroscience to music psychology. Understanding
how these auditory experiences shape the development of the fetal and early
postnatal brain is crucial for numerous reasons, including improving prenatal
care, understanding neurodevelopmental disorders, and optimizing
environmental factors that
influence cognition and
behavior. This article
provides an extensive
review of the effects of
these stimuli on
neuronal development,
specifically examining
fetuses in mice, rats, and
humans, as well as other
animals. Research has
demonstrated that
different types of auditory
stimuli have varying effects on neuroplasticity, synaptic formation, and brain
structure. We explore how both the frequency and complexity of auditory
input can contribute to the maturation of neural circuits and discuss the
potential long-term consequences for cognitive and sensory processing.
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Introduction

Neuronal development during gestation and infancy is a highly sensitive
process influenced by a variety of environmental factors. Among these factors,
auditory experiences play a significant role, particularly during critical periods
of brain development. As sound is one of the first sensory inputs to which a
fetus is exposed, understanding its effects on brain structure and function is
essential for informing developmental neuroscience.

Auditory stimuli can be broadly categorized into music (including tonal and
atonal structures), noise, and natural sounds, with each category producing
different effects on brain development. In this article, we focus on the specific
effects of dissonance, atonal music, and noise on the developing brain in
fetuses and animals, as these auditory inputs present unique challenges for
neuronal maturation. The potential consequences of exposure to these sounds
are examined through the lens of neuroplasticity, synaptogenesis,
neurogenesis, and structural changes in brain regions associated with sound
processing, memory, and cognition.

1. The Role of Auditory Experience in Early Brain Development

Auditory input is a crucial aspect of early neural development. From the early
stages of gestation, fetuses begin to perceive sounds from the external
environment. These sounds are transmitted through the amniotic fluid, where
they may vary in intensity, frequency, and complexity. Sound processing
occurs primarily in the auditory cortex, which begins its development during
the second trimester of pregnancy in humans and rats, and even earlier in
some other mammals.

Research has shown that fetal exposure to sound can influence the
development of brain regions responsible for sensory processing and cognitive
functions. Studies using rodents, for example, have demonstrated that auditory
stimuli can shape the wiring of neural circuits and the formation of synaptic
connections in the auditory cortex.! Early exposure to auditory signals can
therefore alter the trajectory of brain development, potentially influencing
later behavioral and cognitive outcomes.

Eliasar A. Simon, MD 2



Music and the Human Brain Supplement

2. Effects of Dissonance and Atonal Music on Brain Development

Dissonance and atonal music represent types of auditory stimuli that deviate
from conventional harmonic structures, which may have unique effects on
brain development. The brain is highly sensitive to patterns and regularities in
sound, with certain structures like the temporal lobes and auditory cortex
tuned to process predictable musical sequences. Dissonance, by contrast,
creates a sense of tension or instability due to conflicting harmonic intervals,
and atonal music lacks a tonal center, which may make it more challenging for
the brain to process.

2.1 Fetal Exposure to Dissonance and Atonal Music

Studies investigating the effects of dissonant and atonal music on fetal brain
development are still relatively sparse but suggest that such sounds may
influence neuroplasticity. In one experiment involving rats, exposure to
dissonant chords during early fetal development led to changes in the structure
and function of the auditory cortex.2 Specifically, rats exposed to dissonance
exhibited a reduction in synaptic density in the auditory processing regions,
which was associated with a decline in the ability to process complex auditory
stimuli postnatally.

Atonal music, which lacks clear harmonic resolution, can also introduce an
element of unpredictability that may affect neural development. A study in
humans found that listening to atonal music activated regions of the brain
associated with cognitive control and attention, suggesting that atonal music
may induce a heightened state of neural activity or cortical engagement.3
While the long-term effects of such exposure on fetal brain development
remain unclear, it is conceivable that prolonged exposure to such stimuli may
interfere with the development of stable neural networks, potentially
influencing attention, emotion regulation, and memory formation in offspring.

2.2 Mechanisms of Effect: Neural Plasticity and Cortical Organization

Neuroplasticity is the brain's ability to reorganize and form new neural
connections in response to environmental stimuli. The auditory system, being
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one of the most plastic sensory systems, is particularly vulnerable to
alterations in auditory input during the critical periods of development.
Exposure to dissonant or atonal music may interfere with normal synaptic
pruning, a process that is crucial for refining the auditory pathways and
ensuring the efficient processing of sound.

Early exposure to discordant sounds may inhibit proper cortical map
organization in the auditory cortex. Studies using non-human primates and
rodents have demonstrated that auditory stimuli can influence tonotopic maps
in the auditory cortex, where neurons are spatially arranged based on the
frequencies they process.# When dissonant or unpredictable sounds are
presented, these maps can become less structured, which may affect the ability
to process regular sounds in the future.

3. The Impact of Noise on Neuronal Development

Noise, particularly environmental noise (e.g., traffic noise, industrial sounds),
is a significant concern for fetal and early postnatal development. Chronic
exposure to noise has been linked to a range of negative outcomes, from
impaired cognitive function to altered brain structure and connectivity.

3.1 Noise and Structural Brain Changes

Exposure to noise during gestation and early life has been shown to affect the
structural development of the brain in various animal models. For example,
studies in rats have shown that exposure to chronic loud noise results in
altered hippocampal development, a region critical for learning and memory.5
Noise exposure can also reduce dendritic branching and spine density in
cortical neurons, which may impair synaptic communication and overall
cognitive function.

In humans, studies on the effects of prenatal noise exposure have
demonstrated associations with delayed language development, attention
deficits, and even structural changes in brain regions responsible for sound
processing.® A longitudinal study found that children exposed to high levels
of environmental noise in early childhood exhibited lower IQs and impaired
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reading skills, further supporting the hypothesis that noise can disrupt
neuronal development and cognitive function.”

3.2 Mechanisms: Stress and Cortisol Release

One of the key mechanisms through which noise affects neuronal
development is through the stress response. Chronic exposure to loud sounds
can activate the hypothalamic-pituitary-adrenal (HPA) axis, leading to the
release of cortisol and other stress hormones. Elevated cortisol levels during
prenatal development have been shown to impair neurogenesis and synaptic
plasticity in animal models.8 This may contribute to developmental delays and
alterations in brain structure and function.

4. Animal Models of Auditory Stimuli and Neuronal Development

While research in humans is limited, studies using animal models, particularly
rodents, have provided valuable insights into how auditory stimuli influence
brain development. The auditory cortex of rodents develops in a similar
fashion to that of humans, making them ideal candidates for studying the
effects of prenatal and early postnatal sound exposure.

4.1 Mice and Rats: Effects of Dissonance and Noise

Mice and rats exposed to dissonant music or noise during gestation have
shown a range of neurological effects. In one experiment, rats exposed to
noise during pregnancy displayed changes in the structure of their
hippocampus and auditory cortex, with significant reductions in dendritic
complexity and synaptic density.? Moreover, studies on rats have revealed that
exposure to high levels of noise or complex, dissonant music can lead to
deficits in auditory discrimination, long-term memory, and spatial
navigation.10

4.2 Non-human Primates

Research on non-human primates has further corroborated these findings. For
instance, rhesus monkeys exposed to noisy environments during early
development exhibited significant changes in auditory processing and
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impairments in tasks requiring attention and cognitive flexibility.1! These
studies underscore the importance of considering auditory input as a
determinant of neurodevelopmental outcomes in both humans and animals.

5. Conclusion

The effects of dissonance, atonal music, and noise on neuronal development
are complex and multifaceted. While much remains to be understood about
the long-term consequences of prenatal exposure to these auditory stimuli,
research suggests that dissonant and unpredictable sounds can interfere with
synaptic development, cortical organization, and neurogenesis. Noise
exposure, particularly when chronic, has been linked to structural changes in
the brain and cognitive impairments, both in animals and humans.

Given the critical nature of auditory experience during fetal and early
postnatal development, these findings emphasize the need for further
investigation into the ways in which environmental sounds influence brain
structure and function. Ultimately, understanding how different types of
auditory input shape neuronal development may lead to improved strategies
for mitigating the effects of harmful auditory environments and optimizing
prenatal care to support healthy brain development.
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