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ABSTRACT 

This article review explores the structural changes in the brains of musicians, focusing on the effects of musical train-
ing on various brain regions, including the cerebellum, corpus callosum, and auditory and visuospatial cortices. Evi-
dence from multiple studies indicates that long-term musical training is associated with increased gray matter density 
and larger volumes in key areas related to motor coordination, auditory processing, and cognitive functions. For in-
stance, research shows that musicians exhibit a larger anterior portion of the corpus callosum, facilitating enhanced 
interhemispheric communication necessary for complex motor tasks. Additionally, studies reveal that musicians have 
increased gray matter volume in the cerebellum, which is crucial for fine motor control and learning motor skills. The 
article also highlights the implications of these structural changes, suggesting that musical training not only enhances 
auditory and motor capabilities but also supports cognitive development, including language processing and visuospa-
tial skills. Overall, the findings underscore the profound impact of musical training on brain plasticity and its potential 
applications in educational and therapeutic settings. 

Background 

Numerous studies have demonstrated that long-term musical training leads to significant structural changes in the 
brains of musicians. For instance, research by Schlaug et al. (1995) revealed that the anterior portion of the corpus 
callosum is larger in musicians compared to non-musicians, suggesting enhanced interhemispheric communication 
necessary for complex motor tasks [1]. Schlaug et al. (2005) reported increased cerebellar volume in male musicians, 
reflecting microstructural changes due to early and ongoing practice of intricate finger sequences. 

Gaser and Schlaug's (2003) voxel-based morphometry analysis showed increased gray matter volume in mo-
tor, auditory, and visuospatial areas of musicians' brains, supporting the idea that long-term skill acquisition leads to 
structural adaptations[2]. Bengtsson et al. (2005) used diffusion tensor imaging to demonstrate that extensive piano 
practice results in a more organized right posterior internal capsule in pianists, highlighting white matter plasticity 
during critical developmental periods[19]. Similarly, Han et al. (2009) found that pianists have higher gray matter 
density in regions associated with movement and better white matter integrity, suggesting that prolonged practice 
influences the brain's structural organization[3]. This article we will be discussing structural brain changes found by 
researches.  

Increased Gray Matter Volume 

Musicians often exhibit increased gray matter volume in several brain regions, particularly those associated with au-
ditory processing, motor skills, and coordination. Studies using techniques like voxel-based morphometry (VBM) 
have demonstrated that musicians have larger volumes of gray matter in areas such as the auditory cortex, which is 
crucial for enhanced processing of musical sounds and complex auditory stimuli. 
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Auditory Cortex 
 
The auditory cortex is primarily responsible for processing auditory information.  

It is a crucial region of the brain located in the temporal lobe, responsible for processing auditory information, 
including speech and music. The auditory cortex is organized tonotopically, allowing for the precise discrimination 
of pitch and sound quality by processing different frequencies in specific areas. 

The region also aids in spatial localization, helping determine the location of sounds, which enhances navi-
gation and awareness. Furthermore, it is involved in auditory memory, crucial for storing and recalling sounds, thereby 
supporting language acquisition and musical training. Overall, the auditory cortex is vital for various auditory func-
tions that contribute to communication, music appreciation, and environmental awareness. 
 
Implications of Increased Gray Matter Volume in Auditory Cortex 
Increased gray matter volume in the auditory cortex signifies a higher density of neuronal cell bodies, dendrites, and 
synapses, which enhances the region's processing capacity. This structural change leads to improved abilities in sound 
discrimination, speech recognition, and musical perception, allowing individuals to engage more effectively with au-
ditory stimuli. The increased gray matter volume is indicative of neuroplasticity, reflecting the brain's ability to adapt 
structurally in response to experience or training. As individuals engage in complex auditory tasks, the auditory cortex 
undergoes changes that enhance its functionality. 

Moreover, the implications of greater gray matter volume extend to cognitive function improvement, corre-
lating with better auditory processing capabilities that support enhanced language skills and musical abilities. This 
increased capacity for learning and adaptation suggests that individuals with larger gray matter volumes in the auditory 
cortex may be more adept at acquiring new auditory skills or languages[7].  

Research by Forgeard et al. (2008) demonstrated that children who received music lessons exhibited better 
verbal memory and language skills than those without musical training[20]. The authors proposed that the cognitive 
processes involved in music learning, such as auditory discrimination and memory, may transfer to language acquisi-
tion and verbal communication. 

Neuroimaging studies have shown that music training is associated with structural changes in brain areas 
involved in language processing [8]. Children with musical training had enhanced phonological awareness, a critical 
component of reading and language development[8]. These findings suggest that the neuroplastic changes resulting 
from music training can significantly enhance verbal abilities. 
The temporal lobe is situated in the lower section of the brain, specifically beneath the lateral sulcus. It houses the 
primary auditory cortex, which is essential for interpreting sounds and processing spoken language. The hippocampus 
is found within the temporal lobe, contributing to its strong association with memory formation [4,5,6]. 
 
Visuospatial Cortex 
 
The visuospatial cortex refers to a network of brain regions involved in processing visual and spatial information, 
primarily located in the parietal lobe. This area is essential for understanding the spatial arrangement of objects, nav-
igating through space, recognizing spatial relationships, and judging distances. It plays a crucial role in coordinating 
movements based on visual input and is involved in visualizing and manipulating objects in one’s mind. 
 
Implications of Increased Gray Matter Volume in the Visuospatial Cortex  
This structural change signifies a greater capacity for learning and memory related to spatial tasks, suggesting that the 
visuospatial cortex has significant potential for skill development and further adaptation. Overall, these findings un-
derscore the critical role of the visuospatial cortex in facilitating cognitive processes essential for interacting with and 
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understanding the spatial aspects of the environment. This enhancement correlates with improved cognitive abilities 
related to visuospatial processing, such as better navigation skills and heightened visual attention 

Research indicates that music training can significantly improve visual abilities through neuroplastic changes 
in the brain. A study by Hanna-Pladdy and Mackay (2011) found that musicians exhibit enhanced visual-spatial skills, 
which are crucial for tasks requiring the integration of visual information. The cognitive demands of reading music 
and coordinating hand movements while playing an instrument may contribute to these enhancements. 

Additionally, individuals with extensive music training demonstrated faster reaction times in visual tasks 
compared to non-musicians [9]. Research findings suggest that the neuroplastic changes induced by music training 
extend beyond auditory processing to enhance visual cognitive functions. 
These studies collectively highlight the importance of the visuospatial cortex in processing visual and spatial infor-
mation and the implications of increased gray matter volume, particularly in individuals who engage in activities that 
require strong visuospatial skills [9,10,11]. 
 

Cerebellum 
 
The cerebellum is a crucial structure located at the back of the brain, beneath the cerebral hemispheres. It plays a 
significant role in coordinating voluntary movements, maintaining balance and posture, and fine-tuning motor activi-
ties.  

The cerebellum plays a crucial role in various key functions essential for both motor and cognitive processes. 
It is primarily responsible for motor coordination, integrating sensory information to coordinate muscle activity and 
ensure smooth movements. Additionally, the cerebellum is vital for maintaining balance and posture, processing in-
formation from the vestibular system to help stabilize the body during movement. It also contributes to motor learning 
by aiding in the acquisition and refinement of motor skills through practice. 

Research has consistently shown that musicians have a higher average relative cerebellar volume and in-
creased gray matter density in the right cerebellum compared to non-musicians. 
The findings revealed that musicians exhibited larger cerebellar volumes and increased gray matter density, particu-
larly in the right cerebellum, indicating that musical training is associated with significant structural brain 
changes[1,2].  
 
Evidence of Higher Cerebellar Volume and Gray Matter Density in Musicians 
 
Some studies collectively highlight that musicians tend to have a higher average relative cerebellar volume and in-
creased gray matter density in the right cerebellum, reflecting the structural changes that occur as a result of extensive 
musical training and practice [21,22,23].  
 

Corpus Callosum 
 
The corpus callosum, which connects the left and right hemispheres of the brain, has been found to be larger in musi-
cians.  

The corpus callosum is a vital structure that facilitates communication between the brain's two hemispheres, 
enabling the integration of cognitive, sensory, and motor functions. One of its key roles is to enable the transfer of 
information between the hemispheres, which is essential for a cohesive understanding of the environment. This inte-
gration of sensory information allows for a unified perception, helping individuals make sense of complex stimuli. 
Additionally, the corpus callosum plays a crucial role in motor coordination, ensuring that movements requiring both 
sides of the body are executed smoothly and efficiently. Beyond these functions, it is also involved in higher cognitive 
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processes, including problem-solving and language processing, underscoring its importance in facilitating complex 
behaviors and cognitive tasks that rely on the collaboration of both hemispheres[15].  
 
Larger Anterior Portion of Corpus Callosum in Musicians 
 
Several studies have provided evidence that musicians have a larger anterior portion of the corpus callosum compared 
to non-musicians[23,24,25].  

This enlargement is thought to reflect enhanced interhemispheric communication, which is essential for ef-
ficiently executing tasks that involve both hemispheres. 
 

Conclusion  
 
In summary, these findings illuminate the concept of brain plasticity and suggest that the structural differences ob-
served in adult experts—whether in music or other fields—are likely a result of training-induced brain plasticity. 
Studies have consistently demonstrated that musicians exhibit significant structural changes, particularly in the corpus 
callosum and cerebellum, which are crucial for motor coordination and interhemispheric communication. The in-
creased gray matter density in these regions underscores the brain's remarkable plasticity in response to the demands 
of musical practice. Furthermore, findings indicate that musical training not only enhances auditory processing and 
visuospatial skills but also contributes to cognitive improvements, including better language abilities and memory 
functions. 

The implications of these findings extend beyond the realm of music, suggesting that engaging in complex, 
multimodal activities can foster neuroplasticity and cognitive development across various domains. As such, integrat-
ing music training into educational and therapeutic contexts may provide valuable benefits for individuals of all ages, 
particularly in enhancing cognitive and motor skills. Future research should continue to explore the mechanisms un-
derlying these changes and consider how musical training can be effectively utilized in neuro-rehabilitation and cog-
nitive enhancement strategies. Overall, the evidence supports the notion that musical training serves as a powerful 
tool for promoting brain health and cognitive vitality throughout the lifespan. 
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Table 1. Some structural changes identified in musician’s brains. 
 

Structural Changes 
in Brain 

Functions Research findings 

 
 

Auditory Cortex 

Involved in processing auditory 
information, including emotional cues. 

Plays a role in sound discrimination 
and language processing 

Increased gray matter density and 
improved functional activation during 

auditory tasks. 
Musicians exhibit enhanced processing in 

auditory areas, correlating with better 
auditory discrimination and memory[2, 26]. 

 
 
 

Visuospatial 
Cortex 

Critical for understanding spatial 
relationships and navigation. 

Processes visual information and 
integrates it with emotional context. 

 

Increased gray matter volume 
Music training is associated with improved 

visuospatial skills, as musicians show 
enhanced connectivity in brain regions 

involved in spatial processing[8]. 
 

 
 

Cerebellum 
 

Involved in motor coordination and 
emotional regulation. 

Plays a role in fine-tuning motor 
activities and cognitive functions. 

 

Higher average relative cerebellar volume 
Musicians have increased gray matter 

volume in the cerebellum, which is linked 
to improved motor coordination and 
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learning of motor skills through practice 
[17]. 

 
 

Corpus Callosum 
Facilitates communication between 

hemispheres, integrating cognitive and 
emotional information. 

Larger anterior portion 
Research shows that musicians have a 
larger anterior portion of the corpus 

callosum, which facilitates better 
interhemispheric communication and 

coordination of complex tasks.[1] 
. 
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