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ABSTRACT

Objective: Musicians acquire intricate motor and auditory skills from an early age,
serving as an exemplary model for brain plasticity. This study aimed to investigate the
structural and functional differences in the brains between guitar-playing musicians and
non-musicians.

Materials and Methods: Cortical thickness measurements, volumetric analysis of the corpus
callosum and hippocampus, voxel-based morphometry (VBM), and resting-state functional
magnetic resonance imaging (fMRI) were applied to a magnetic resonance imaging dataset
from 14 male young adult guitar players and 10 matched non-musicians.

Results: A structural asymmetry, mainly localized to hippocampal regions including the
stratum radiatum, lacunosum, and moleculare, was found in the musicians’ group. VBM
analysis demonstrated increased volume in the frontal middle and inferior gyri (left),
precuneus (right), insula (right), and Brodmann areas 7 and 13 in the musician group
compared to non-musicians. There were no statistical differences between musicians and
non-musicians in terms of corpus callosum and hippocampal subfield volumes. Although
cortical thickness measured at different locations was higher in the musician group than
in the non-musician group, these differences were not statistically significant (p>0.05). No
significant functional connectivity alterations were found within the default mode network
between musicians and non-musicians (p>0.05).

Conclusion: Playing a musical instrument triggers rapid integration of multi-sensory
information in the context of musical performance. The functional state of rest has
contributed significantly to understanding musicians’ brain networks.

Keywords: Cortical thickness, resting state fMRI, musician, voxel-based morphometry, brain.
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INTRODUCTION

Playing a musical instrument requires complex motor activity.
Musicians interpret the notes they visually perceive and
perform the corresponding rhythmic finger movements.’
Instrument players exhibit strong sensorimotor and
multisensory integration between the music’s rhythm and
hand movements. They are also adept at complex physical
and mental operations, such as memorizing lengthy musical
passages and identifying tones without assistance from any
reference tone.>3

Musicians often begin their musical education in childhood
and dedicate part of their day to this training. For this reason,
professional musicians provide an excellent model for
examining volumetric differences and brain plasticity among
brain structures that may result from music education.

Numerous neuroimaging studies have demonstrated that
sustained musical instruction leads to functional and structural
changes in the brain. Recent research has focused on the
functional and structural differences between the brains of
musicians and non-musicians. Compared to non-musicians,
musicians’ brains show a greater volume of gray matter (GM)
in motor and visuospatial regions. Professional musicians, in
particular, exhibit a significant increase in the volume of their
auditory cortex, especially in Heschl’s gyrus.2*>

Changes in the brain structure of musicians are not confined
to auditory areas or GM alone. In professional pianists, a
similar increase in volume and a more complex gyrification
pattern are observed in the hand-representing region of
the motor homunculus. There is also enhanced efficiency
in information transmission between regions of the
auditory cortex in the white matter network of professional
musicians.® In addition, significant differences were found
in the structural features of the brains of musicians and non-
musicians, particularly in the corpus callosum, cerebellum,
and some regions including Broca’s area.**"

The hippocampus has been shown to play a crucial role
in cognition, especially in memory operations, including
episodic, semantic, and spatial memory.'? Furthermore, it is
known that musicians’auditory and visual working memory is
updated faster than that of non-musicians.

We propose that the hippocampus and corpus callosum are
the main anatomical areas showing structural differences
in the brains of musicians. In the present study, we aimed
to demonstrate structural and functional changes using
resting-state functional magnetic resonance imaging (fMRI)
to enhance our understanding of how the brain of a musician
processes creative behaviors.
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MATERIALS AND METHODS

This cohort study utilized resting-state fMRI study, along
with volumetry and voxel-based morphometry. The study
was approved by the Erciyes University Ethical Committee
(2014-KAEK-122) and was supported by the Erciyes University
Scientific Research Projects Coordination Unit under grant
number TIR-2017-5045. Analyses were conducted on data
collected and images obtained between 2017 and 2019 with
the start of the project.

Volunteers signed an informed consent form. The subjects
consisted of 14 musicians with professional training, whose
primary instrument was the guitar, having a mean age of
22.8 years (aged 21-26); all subjects were male. The training
period for playing the guitar varied between 10 and 18 years
among subjects. The average age of starting to play the
guitar was 10, and the minimum weekly instrument playing
time was 10 hours.

The control group included 10 non-musicians (all male),
defined as individuals without any prior musical instrument
playing expertise. Each subject gave informed consent before
participating. All participants were right-handed.

Magnetic Resonance Imaging (MRI) Protocol

MRI examinations were conducted using a 1.5 Tesla Siemens
Aera scanner (Siemens, Germany) equipped with an 8-channel
sense head coil. Patients were positioned supinely. Survey
images and T1-weighted 3D-MPRAGE sequences with
contiguous coronal slices were obtained (TE: 2.84 ms, TR: 1900
ms, slice thickness: T mm, flip angle: 5°, field of view: 280 mm,
matrix: 256 x 256, voxel size: 1 x 1 x 1 mm3).

The resting-state fMRI session consisted of acquiring 300
brain images using echo-planar imaging (EPI) with the
following parameters: 36 slices per volume, repetition
time (TR)=3000 ms, echo time (TE)=25 ms, flip angle=90°,
resolution: 2 x 2 x 2 mm?3, and slice thickness=1 mm. During
resting-state data acquisition, participants were instructed
to keep their eyes closed.

Volumetric MRI Measurements (VolBrain, MRICloud,
Voxel-Based Morphometry (VBM), and Cortical Thickness)

VolBrain and MRICloud

The T1-weighted images were uploaded to the MRI brain
volumetry system, volBrain, for brain volumetric analysis.
The volume of hippocampal segments and the ratio of
total hippocampal volume to intracranial volume were
calculated using volBrain. VolBrain [v.1.0, http://volbrain.
upv.es] is a complimentary web-based system designed for
calculating MRI brain volumes. It utilizes a fully automated
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Table 1. Volumetric values of corpus callosum subfield segmentation

Corpus callosum volumes Musicians Non-musicians p
Genu (cmd) 492+1.14 5.21£1.65 0.731
Body (truncus) (cm?) 7.31+1.25 7.18+1.99 0.525
Splenium (cm3) 12.65+1.34 12.65+3.88 0.524
Total corpus callosum (cm?3) 24.84+3.27 25.03+7.11 0.824
CC/TIV (%) 2.19+0.2 2.04+0.47 0.791
Values are expressed as mean+SD. CC: Corpus callosum; TIV: Total intracranial volume.
Table 2. Volumetric values of corpus callosum subfield segmentation
Regions Groups p
Control (n=10) Musicians (n=14)
GCC 9.5(-8.9/15.2) 8.0 (0.3/12.9) 0.781
BCC -4.8 (-7.6/3.0) -3.8 (-6.1/3.7) 0.764
SCC 3.8(1.5/6.1) 3.7 (-1.6/6.4) 0.647
Hippocampus 0.4 (-2.3/3.0) 5.3(2.9/6.1) 0.021
CA1 -1.2(-5.1/7.8) 3.8(0.9/12.4) 0.166
CA2-3 12.7 (5.4/25.7) 21.2 (7.8/35.9) 0.343
CA4-DG 5.2 (-4.3/13.1) 2.0 (-3.5/9.8) 0.781
SR/SL/SM -2.4(-8.4/3.1) 5.6 (-0.6/10.0) 0.028
Subiculum -12.5(-16.1/-4.0) -3.0(-16.5/3.3) 0.546

Values are expressed as the median (1#-3" quartiles). BCC: Body of corpus callosum; CA: Cornu ammonis; DG: Dentate gyrus; GCC: Genu of corpus callosum; SCC:
Splenium of corpus callosum; SR/SL/SM: Stratum radiatum/stratum lacunosum/stratum moleculare.

segmentation technique based on multi-atlas patch-based
label fusion segmentation technology.” The average
processing time is 5 minutes.

MRICloud provides a neuroinformatics platform offering
high throughput, enabling automated segmentation of
brain MRI and analytical tools for quantification. This is
achieved through distributed remote computation and
user interfaces accessible via the web. The T1-weighted
images were segmented using MRICloud, available at www.
mricloud.org. The accuracy of segmentation with multi-
atlas fusion has been validated in contrast to single atlas
approaches. The brain was segmented into 289 structures,
including the corpus callosum and its segments, among
others. The volumes of intracranial structures were obtained
based on T1 segmentation.'”

We utilized web-based and automated tools, volBrain and
MRICloud, to measure the volumes of the corpus callosum
and hippocampus. Outputs include the volumes of the
hippocampus and corpus callosum (CC) in cm?, the ratio of

hippocampal volume to total intracranial volume, expressed
using volBrain and MRICloud.

The Asymmetry Index (Al) is determined by dividing the
mean hippocampus volumes of the right and left sides
by their respective means, expressed as a percentage.
Al = (left — right) x 100/ (left + right).™

Voxel Based Morphometry (VBM) Analysis

Volumetric brain analysis was performed using CAT12
(Computational Anatomy Toolbox) within Statistical
Parametric Mapping (SPM12) in Matlab 7.10.0 (R2010a).
Sagittal T1 DICOM (Digital Imaging and Communications in
Medicine) images were converted to NIFTI-1 (Neuroimaging
Informatics Technology Initiative) format. Total intracranial
volume (TIV) and overall tissue volume (TTV) were
determined using white matter (WM), gray matter (GM),
and cerebrospinal fluid (CSF). The Automated Anatomical
Labeling Atlas was used alongside one of the SPM toolboxes
to calculate lobar GM volumes.
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Figure 1. Volumetric values (cm?) of Hippocampus subfield
segmentation.

CA: Cornu ammonis; DG: Dentate gyrus; SR/SL/SM: Stratum radiatum/
stratum lacunosum/stratum moleculare.

VBM is based on voxel-wise statistics. The General Linear Model
is used to determine regions with significant differences. An
independent t-test was carried out to compare GM volume
between two groups, taking into account variables such as
age, years of schooling, and TIV. These analyses employed a
p<0.001 uncorrected threshold, which is less conservative.

For the region of interest (ROI) study, volumes were segmented
using surface and thickness estimation techniques. Following
segmentation, the local maximum was projected onto other
GM voxels via a connection determined by the WM distance.
The data were then visually examined.

The Connectivity (CONN) Toolbox

Resting-state fMRI (rs-fMRI) preprocessing was conducted
using the SPM12 software along with the CONN Toolbox
(http://www.nitrc.org/projects/conn).'®

By utilizing CONN, we achieved functional outlier detection,
functional slice time correction, functional realignment
and unwarping, and functional centering. In the first level
analysis, CONN’s atlases, networks, Brodmann areas (BAs)
files, as well as WM, GM, and CSF segments identified by SPM,
were used as ROIs. The ROI to ROI analysis, a key component
of CONN, was conducted. Group-level estimates of the
linkage between ROIs were performed using the default
mode network (DMN) nodes as the core, and differences
between groups were identified.

T- and F-statistics in the CONN toolbox facilitated the
statistical analysis. An independent t-test was used for group
comparisons. Uncorrected and cluster-level thresholds of
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Figure 2. Median values of the hippocampus and corpus
callosum subfield segments.

GCC: Genu of corpus callosum; BCC: Body of corpus callosum; SCC:
Splenium of corpus callosum; CA: Cornu ammonis; DG: Dentate gyrus; SR/
SL/SM: Stratum Radiatum/stratum lacunosum/stratum moleculare.

p<0.05 and p<0.001 for significant correlations, respectively,
were set. ROl to ROl connectivity maps, indicating connectivity
strength and polarity, were plotted, with thresholding applied
using a False Discovery Rate-adjusted p-value (p-FDR) of 0.05.

Statistical Analysis

Q-Q graphs and histograms were analyzed. The Kolmogorov-
Smirnov and Shapiro-Wilk tests were used to assess data
normality. Variance homogeneity was examined using
the Levene test. Group comparisons were made using an
independent t-test and the Mann-Whitney U test. The study’s
data were analyzed using the Statistical Package for the Social
Sciences (SPSS) 22.0 for Windows (IBM, Armonk, NY, USA).

RESULTS
Volume Results

The volumes of corpus callosum segments in musiciansand non-
musicians are summarized in Table 1. There was no statistically
significant difference between the two groups (p>0.05).

The hippocampal volume was measured as 5.23+0.44 cm? in
musicians and 5.31+0.52 cm?® in non-musicians. In musicians,
the ratio of total hippocampal volume to intracranial volume
was 0.34%z=0.03, and in the control group, it was 0.33%=0.02.
No statistically significant difference was observed between
the two groups (p>0.05) (Fig. 1).

The median values of the hippocampus and corpus callosum
subfield segments for all participants are shown in Figure 2.
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Table 3. Clusters of significant gray matter reduction in musicians compared to non-musicians using uncorrected maps at

p<0.001 (extent threshold voxels: 25)

Regions Number of voxels MNI coordinates Peak Z score T value P value (set level
(mm?3) (x,y,2) p uncorrected)

Cluster 1 45 -41,50, 11 4.16 5.60 0.995

Frontal_Mid_L (aal) (37)

Frontal_Inf_L (aal) (8)

Cluster 2 74 8,-63,57 4.01 5.28

Precuneus_R (aal) (74)

BA 7 (47)

Cluster 3 25 38,21, 11 3.40 414

BA 13 (16)

Insula_R (14)

The p-value has been calculated with voxel-wise statistics. aal: Automated anatomical labeling; BA: Brodmann area; Inf: Inferior; L: Left; Mid: Middle; MNI: Montreal

Neurological Institute; R: Right; Tri: Triangular.

Table 4. Clusters of significant gray matter reduction in non-musicians compared to musicians using uncorrected maps at

p<0.001 (extent threshold voxels: 45)

Regions Number of voxels MNI coordinates Peak Z score T value P value (set level
(mm?3) (x,y,2) p uncorrected)

Cluster 1 57 29,-51,-2 3.69 4.66 0.896

Temporal Lobe (52)

Fusiform_R (aal) (8)

Cluster 2 45 -8,-48,-18 3.29 3.97

Cerebellum_4_5_1 (aal) (45)

Cluster 3 55 -38,-68, -8 4.21 5.70

Occipital_Inf_L (aal) (47)

The p-value has been calculated with voxel-wise statistics. aal: Automated anatomical labeling; Inf: Inferior; L: Left; MNI: Montreal Neurological Institute; R: Right.

Asymmetry Index Results

Compared with the non-musicians group, the musicians
group exhibited a greater Asymmetry Index (Al) for total
hippocampal volume (p=0.021) and higher Al in the Stratum
Radiatum/Stratum Lucidum/Stratum Moleculare (SR/SL/SM)
(p=0.028) and Cornu Ammonis 1 (CA1), Cornu Ammonis 2
and 3 (CA2-3) segments. However, there was no statistically
significant difference between the two groups (Table 2). No
significant differences in asymmetry of the corpus callosum
and its subfields were observed between musicians and
non-musicians.

VBM Results

The musicians exhibited an increase in the volume of the
precuneus (right), middle frontal gyrus (left), insula (right),

and Brodmann areas 7 and 13 compared to non-musicians.
An increase in GM volume in the fusiform gyrus (right) in the
musician group was found compared to non-musicians (Fig.
3,4, Table 3, 4).

Cortical Thickness Results

Although a slight increase in cortical thickness was observed
in the motor, auditory, and visuospatial brain regions of
musicians, this increase was not significant (p>0.05) (Table 5).

CONN Results

At the voxel level, there were no significant differences
between the two groups. No significant alterations in the
frontal cortex or the default mode network (DMN) between
musicians and non-musicians were found (p>0.05).
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Figure 3. Altered gray matter volume in musicians and non-musicians in single T1 images (p<0.001, uncorrected). The red
area indicates an increase in volume within the musician group.

FML: Frontal middle left; IR: Insula right; PREC_R: Precuneus right; BA13: Brodmann area 13.

Figure 4. Altered gray matter volume in musicians and non-musicians in single T1 images (p<0.001, uncorrected). The red
area indicates a decrease in volume within the musician group.

CRB: Cerebellum; FUS_R: Fusiform right; Ol_L: Occipital inferior left.

ROIs across brain networks were examined, including each
ROI of resting-state networks (RSNs) as follows: DMN, middle
prefrontal cortex (MPFC), anterior insular cortex, inferior
frontal cortex, precuneus, and fusiform cortex. Figure 5 shows
the connections between the source region and other brain
regions in musicians minus non-musicians. Increased brain
network connectivity was observed in musicians compared
to non-musicians. In terms of ROl to ROl connectivity, our
study yielded some striking results. However, the DMN ROIs
between the two groups did not show any significant positive
or negative correlations.

52

DISCUSSION

The objective of our research was to identify the anatomical and
functional alterations in the brain potentially caused by playing
the guitar. We assessed the volumes of the corpus callosum and
hippocampus using web-based morphometry tools (volBrain
and MRICloud), evaluated the differences in gray matter (GM)
volume using VBM, and examined functional connectivity using
the CONN toolbox. To our knowledge, this is the first study to
compare the volumes of hippocampal and corpus callosum
subfields, resting-state functional differences, and cortical
thicknesses between musicians and non-musicians.
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atlas.aTFusC r (Tempora

Figure 5. ROI-to-ROI functional connectivity between networks: the middle prefrontal cortex (a) (MPFC), inferior frontal
cortex (b), anterior insular cortex (c), precuneus (d), and fusiform cortex (e) serves as sources. The black sphere indicates the
source point. The red spheres represent functional connections between the source and other ROI regions in the brain.
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Table 5. Cortical thickness values for musicians and non-musicians

Brain region Group p Brain region Group P
Musicians Non-musicians Musicians Non-musicians
(n=10) (n=10) (n=10) (n=10)

L anterior orbital gyrus 0.68+0.13 0.66+0.09 0.633 | R medial postcentral gyrus  0.98+0.29 0.96+0.37 0.908
R anterior orbital gyrus 0.68+0.11 0.64+0.13 0.433 | L medial precentral gyrus 1.37+0.39 1.43+0.45 0.725
L central operculum 1.00+0.14 0.98+0.15 0.692 | R medial precentral gyrus 1.15+0.29 1.16+0.30 0.917
R central operculum 0.96+0.15 0.97+0.13 0.532 | L middle temporal gyrus 3.71£0.59 3.65+0.56 0.797
L frontal operculum 0.52+0.06 0.50+0.08 0.374 | R middle temporal gyrus 3.14+0.59 2.99+0.45 0.493
R frontal operculum 0.42+0.06 0.42+0.08 0.869 | L occipital fusiform gyrus 0.76+0.15 0.72+0.15 0.472
L frontal pole 3.52+0.85 3.46+0.88 0.870 | R occipital fusiform gyrus 0.92+0.17 0.85+0.14 0.309
R frontal pole 3.81+0.92 3.83+0.88 0.921 | Linferior frontal gyrus 1.84+0.35 1.87+0.41 0.825
L fusiform gyrus 1.59+0.32 1.59+0.38 0.991 | Rinferior frontal gyrus 1.83£0.40 1.93+0.35 0.540
R fusiform gyrus 1.53+0.30 1.48+0.21 0.659 | L postcentral gyrus 8.19+1.73 8.20+2.41 0.879
L inferior occipital gyrus 2.27+0.31 2.11+0.42 0.284 | R postcentral gyrus 7.45+1.67 7.20+2.07 0.755
R inferior occipital gyrus 2.29+0.37 2.02+0.31 0.081 | L precentral gyrus 7.44%1.35 7.29%1.77 0.815
L inferior temporal gyrus 3.24+0.52 3.05+0.61 0.427 | R precentral gyrus 6.61£1.13 6.72+1.60 0.717
R inferior temporal gyrus 3.29+0.59 3.21+0.63 0.755 | L temporal 0.47+0.07 0.48+0.13 0.860
L lingual gyrus 2.74£0.63 2.67+0.38 0.736 | Rtemporal 0.33+0.08 0.31+£0.07 0.569
R lingual gyrus 2.76+0.69 2.66+0.46 0.689 | L superior frontal gyrus 10.87+1.94 10.87+2.32 0.999
L lateral orbital gyrus 1.12+0.27 1.08+0.27 0.699 | Rsuperior frontal gyrus 11.06+2.29 11.19+2.50 0.896
R lateral orbital gyrus 1.05+0.29 1.05+0.21 0.954 | L superior parietal lobule 7.31+1.80 7.12+2.07 0.817
L medial frontal cerebrum  0.31+0.08 0.31£0.05 0.900 | Rsuperior parietal lobule 7.69+£1.94 7.30£1.70 0.614
R medial frontal cerebrum  0.32+0.10 0.33+0.06 0.842 | L superior temporal gyrus  2.17+0.43 2.18+0.36 0.851
L middle frontal gyrus 9.75+2.09 9.65+2.40 0.923 | Rsuperior temporal gyrus  2.41+0.37 2.42+0.50 0.964
R middle frontal gyrus 9.57+1.97 9.41+2.16 0.856 | L temporal pole 5.14+0.94 5.49+1.05 0.413
L middle occipital gyrus 2.24+0.46 2.01£0.42 0.239 | Rtemporal pole 5.35+1.07 5.53+£1.17 0.703
R middle occipital gyrus 1.45+0.23 1.27+0.32 0.123 | Ltemporal transverse gyrus 0.27+0.06 0.27+0.05 0.833
L medial postcentral gyrus  0.99+0.27 0.98+0.31 0.964 | Rtemporal transverse gyrus 0.26+0.06 0.25+0.05 0.600

Data are expressed as meanztstandard deviation. L: Left; R: Right.

In this study, musicians exhibited an increase in volume in
the frontal middle and inferior gyri (left), precuneus (right),
insula (right), and Brodmann areas 7 and 13 compared to non-
musicians, as determined by VBM analysis. We also observed
an increased volume of GM in the fusiform gyrus (right) in
musicians compared to non-musicians.

Several authors have reported that playing different
instruments causes structural changes in the brains of
musicians.®'” It is known that musicians exhibit increased
activation in multiple core brain regions, including the
sensory cortex, auditory cortex, motor cortex, cerebellum,

54

prefrontal cortex, visual cortex, hippocampus, corpus
callosum, nucleus accumbens, and amygdala.’® Structural
differences between musicians and non-musicians have
been identified in areas such as Broca’s area and the inferior
frontal gyrus (4, 11), Heschl’s gyrus or primary auditory cortex
(5), as well as in the areas of the superior parietal lobule
(4) and cerebellum (9). Several studies utilizing VBM have
provided insights into the characteristics of the subjects,
techniques, and results,'41.19-24

Acer et al.' (2018) applied VBM to seven musicians and non-
musicians, finding increased GM volume in musicians in



J Clin Pract Res 2024; 46 (1) 47-57

the left middle temporal gyrus, supramarginal and angular
gyri, right and left cerebellum, left superior and inferior
parietal lobule.

Marie et al.® (2023) observed that GM volume increased in the
right Rolandic operculum, left caudate nucleus, and lobules VI
of the left and right cerebellum in both group after six months
of a piano and music sensitization course in elderly individuals.
Another study highlighted the highly positive brain plasticity
in frontal regions of musicians. When comparing older
musicians to older non-musicians, it was found that musicians
exhibit slower brain atrophy and greater cortical thickness and
GM volume in areas associated with music.?

In our research, a significant increase was observed in the
right fusiform gyrus and the left inferior and middle frontal
gyri using VBM. The literature indicates that the left inferior
frontal gyrus is crucial for syntax processing in both language
and music.?* The right fusiform gyrus is known for its role in
symbolic processing through visual form identification.”

According to Bermudez et al.” (2009), musicians had a thicker
cortex with peaks in the dorsolateral frontal and superior
temporal regions. Furthermore, musicians have thicker lateral
frontal lobes with prominent bilateral peaks in the inferior and
middle frontal gyri. In our study, musicians exhibited slightly
thicker cortical tissue in the inferior and middle frontal gyri,
although the difference between the two groups was not
statistically significant.

Resting-state fMRI studies have shown strong correlations
between some regions in the supplementary motor areas
(SMA:s), the precentral gyrus, and a close correlation between
precentral areas and SMAs in the musician group.?-?

Each cluster served as a seed location for generating and
comparing whole-brain resting-state functional connectivity
maps by Fauvel et al.?' The left temporal pole and right
prefrontal cortex, which are involved in the semantic
system, showed increased connectivity to two clusters in
the cingulate gyrus in musicians. Several language-related
regions, including the bilateral supramarginal gyri and the
left premotor cortex, demonstrated increased connectivity
with the cluster in the left superior temporal gyrus. Fauvel
et al.?' observed that musicians exhibited greater resting-
state functional connectivity with primary sensorimotor
cortex, high-level cognitive areas, and subcortical structures
compared to non-musicians. They utilized the left superior
temporal gyrus, right cingulate gyrus, and rightinferior orbito-
frontal gyrus as seeds. Butler et al.*® (2021) discovered that for
guitarists, the right precuneus is more active during abstract
teaching, while the occipito-insular circuit is more engaged
during concrete teaching. In our study, we employed each
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cluster as a seed region to compare whole-brain resting-state
functional connectivity maps. The middle prefrontal cortex,
inferior frontal cortex, anterior insular cortex, precuneus, and
fusiform cortex exhibited greater connectivity in musicians.

Limitations

This study has some limitations. Primarily, the sample size was
comparatively small for a cortical thickness and VBM study.
Additionally, all participants in this sample were male. Future
studies will aim to expand the current approach to a larger
sample size and include both sexes.

CONCLUSION

The brains of musicians were found to be structurally different
from those of non-musicians according to VBM results in this
study. Our findings suggest that playing musical instruments
might alter the structural properties of nearby anatomical
regions and foster the creation of new, functional neural
networks in the brain. While no structural brain differences
were observed at the volumetric level in the hippocampus
and CC, we did identify differences in asymmetry indices.

This study highlighted altered morphological interhemispheric
imbalances in musicians, mainly located in the hippocampal
regions, especially the SR/SM/SL regions. Structural brain
differences in hippocampal asymmetry may be related to
memory processes. These alterations, independent of the
anatomical brain differences in musicians, suggest that
cerebral asymmetry could serve as an appropriate indicator of
morphological variationsin musicians’brains.In conclusion, the
resting-state functional situation has significantly contributed
to our understanding of the musical brain network.
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