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Abstract

Background/Aim: The relationship between major depressive disorder (MDD) and specific brain regions
was investigated using neuroimaging methods. Although the findings show structural hemispheric
asymmetry, research has often focused on the specific brain region involved in MDD. This study aimed to
investigate asymmetry in the brain regions of MDD patients for the first time with volBrain, which is a
fully automated segmentation technique.

Methods: Our study was designed as a case-control study. Structural asymmetry was evaluated using the
current web-based fully automated segmentation algorithm, volBrain, that analyzes volumetric T1 axial
magnetic resonance imaging data. Sixteen cases with MDD and 14 healthy controls were analyzed. For
comparison of continuous data between binary groups, an independent T-test was used for data that follow
a normal distribution and Mann-Whitney U (MWU) test was used for data that did not follow a normal
distribution while categorical data were evaluated using Chi-square test (or Fisher’s exact test when
needed).

Results: There was no significant difference in terms of gender (¥2 [1, n = 30] = 0.117, P = 0.732),
education level (2 [1, n = 30] = 0.002; P = 0.961] and marital status (P = 0.596, Fisher exact chi-square
test). However, both groups were found to be similar in terms of age (P = 0.608, MWU test). Right/left
nucleus caudatus volume ratios (P = 0.028, MWU test) and right/left cerebellum volume ratios were
significantly smaller in the case group (P = 0.006, independent T-test). When the volumes of the right and
left parts were compared, only the volume of the right globus pallidus was larger (statistically significant)
in the case group (P = 0.008, independent T-test).

Conclusion: In line with our hypothesis, our study supports the notion of cortico—striatal-pallidal—
thalamic circuit abnormalities in current MDD research and found that some regions in this phase may
contain structural asymmetry. In addition, this study contributed to the literature consisting of studies that
have examined the relationship between cerebellum and MDD by adding that the cerebellum may show
structural asymmetry. The results of our study suggest that research using volBrain may be beneficial to
patients with MDD. Current web-based fully automatic segmentation algorithms can restrict both the rater-
induced differences in manual segmentation applications and the differences that various segmentation
algorithms can create. The challenge of multicenter research can be overcome by using web-based fully
automated segmentation volumetry systems and data containing the same standardized magnetic resonance
imaging (MRI) acquisition parameters because it is easy for clinicians around the world to access web-
based fully automated segmentation volumetry systems. Research on fully automatic segmentation
techniques might be the driving force behind fully understanding biological foundations of MDD in the
future.
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Introduction

Major depressive disorder (MDD) is one of the
psychiatric disorders with a chronic course that is common
throughout an MDD patient’s life and is accompanied by severe
impairment in functionality [1]. Although many comprehensive
studies have been conducted, the etiology of MDD remains
uncertain, and research concerning this subject is ongoing [2].
Although the factors that play a role in the development of the
disorder cannot be revealed exactly, MDD is thought to be a
multifactorial disorder that can be induced by the interaction of
biological, psychological, and social factors [3]. Many
neuroimaging techniques have been used, including structural
magnetic resonance imaging (SMRI), functional MRI (fMRI),
magnetic resonance spectroscopy (MRS), diffusion tensor
imaging (DTI), positron emission tomography (PET), and near
infrared spectroscopy (NIRS) in studies examining the biological
basis of MDD [4]. Noninvasive neuroimaging studies have
shown that various behavioral patterns seen in MDD patients
may be associated with structural and functional abnormalities in
specific brain regions [5-7].

Although asymmetry is a common aspect of the human
brain, asymmetry abnormalities are a condition that is
particularly emphasized in MDD patients and can be
demonstrated by MRI studies in some psychiatric disorders [8].
Studies conducted using neuroimaging techniques and designed
on the basis of a hypothesis based on the relationship between
emotions and brain lateralization have shown that structural and
functional asymmetries between hemispheres can be found in
MDD patients [9-12]. Numerous studies using neurocognitive,
electrophysiological, and neuroimaging measurements in MDD
patients provide evidence of functional brain asymmetry
abnormalities [13]. Although the hypothesis that many cognitive
and emotional functions are performed asymmetrically between
the left and right hemispheres has a long history, this hypothesis
should still be evaluated [9]. Some researchers think that brain
asymmetry reveals different clinical manifestations of different
psychiatric disorders as a result of similar differences in brain
function [14, 15]. In this context, right hemisphere
hyperactivity/left hemisphere hypoactivity stands out as a feature
frequently detected in MDD neuroimaging studies [14].
Although hemispheric asymmetry abnormalities have been
shown in MDD neuroimaging studies, most neurcimaging
studies were established to evaluate detailed structural
asymmetry in the whole brain [2, 8, 16]. Anatomical studies in
MDD patients report that volumetric changes in gray matter are
frequently observed in cortical-limbic areas such as the anterior
cingulate cortex, dorsolateral prefrontal cortex, orbitofrontal
cortex, amygdala, thalamus and putamen [17-20]. A recent
SMRI study showed that abnormalities in structural asymmetry
seen in MDD patients involve the cortico—striatal-pallidal—
thalamic circuit [14]. Structural hemispheric asymmetry can be a
biological marker of MDD as studies showing that this
asymmetry is present in patients with MDD in remission, and in
babies of mothers with MDD have been published [9]. Recent
research has increasingly emphasized the relationship between
the cerebellum and MDD; nevertheless, studies examining
cerebellar dimensions in MDD are very few [21, 22]. While early

Brain asymmetry in depression
o

JOSAM ¢

MRI studies showed that \cerebellar size decreased in patients
with MDD, a recent quantitative MRI study did not reveal a
statistically significant difference between MDD and control
patients [23]. A voxel-based morphometry study that followed
the earlier studies indicated that the left cerebellum gray matter
volume may decrease in MDD and the left cerebellar hemisphere
may play a role in MDD pathophysiology [24].

Although the gold standard for volumetric measurement
of brain structures is considered to be manual segmentation
techniques, such procedures have a number of limitations due to
different concerns, such as differences between the relevant
evaluators and the significant need for anatomical and
methodological expertise of the assessor [25, 26]. Manual
segmentation requires a significant time requirement that can
limit the review and standardization of large data sets [25]. To
overcome these limitations, several automatic techniques, which
can be segmented into regional computer structures, can be used
[27, 28]. Several automatic segmentation algorithms, such as
volBrain, FIRST, FSL-ANAT, Freesurfer and MRIcloud, were
developed to identify MRI brain data analysis in an objective,
reliable, and repeatable manner [25, 29, 30]. Studies have been
published showing that the closest and highest accuracy rate of
manual segmentation measurements can be achieved by volBrain
analysis among fully automated segmentation applications [29,
31]. VolBrain is a web-based MRI brain volumetric system that
provides rapid volumetric measurements with reference values
based on a contrast free three-dimensional T1 gradient echo
image [32].

The purpose of this study was to investigate past
findings addressing the relationship between MDD and emotions
with emphasis on brain lateralization and especially, regional
brain asymmetry, which is emphasized to be observed in cortico—
striatal—pallidal-thalamic circuits with the newly developed fully
automated segmentation technique, volBrain. In addition, due to
the lack of adequate research in this field with the increased
emphasis on the recent relationship between the cerebellum and
MDD, it was also aimed to evaluate possible cerebellar
asymmetry using volBrain in MDD patients in our study. As we
know, our research is the first study investigating brain volumes
using the volBrain method in MDD. For this reason, it is thought
that our study will enable the comparison of volBrain findings
related to MDD with the results of SMRI study and contribute to
the potential use of volBrain in scientific research.

Materials and methods

Participants

Within the scope of our study, the cases recorded
between September 25, 2016, and January 22, 2020, in the
Psychiatric  Outpatient  Clinic and Picture  Archiving
Communication Systems (PACS) of Recep Tayyip Erdogan
University (RTEU) Education and Research Hospital were
retrospectively examined. In our study, data from recorded cases
were examined in our hospital automation system between the
specified dates. Those cases diagnosed with MDD (ICD-10:
F32.0 in the hospital automation system) based on the structured
clinical interview questionnaire (SCID-I) according to DSM-IV
criteria were included in the study. Criteria for study inclusion
for MDD patients included patients between the ages of 18 and
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85, literate, without additional psychiatric, neurological, and/or
significant physical disease (cancer, diabetes mellitus, liver
failure, renal failure, hypertension, endocrine disease, and
others), no history of suicide attempts, not pregnant or lactating,
not undergoing medical treatment, and no substance use/abuse.
PACS included 16 cases with volumetric axial T1 sequence brain
imaging data taken with the 3 Tesla GE Discovery Magnetic
Resonance (MR) 750W GEM ENAB device. Brain MRIs are
normally reported by specialist radiologists working in the
Radiology Department. Similarly, healthy (control) subjects
included 14 people who were between the ages of 18 and 85 and
literate, without additional psychiatric, neurological, or
significant physical disease (cancer, diabetes mellitus, liver
failure, renal failure, hypertension, endocrine disease, and
others), no history of suicide attempts, not pregnant or lactating,
not undergoing medical treatment, and no substance use/abuse.
PACS included healthy subjects with volumetric axial T1
sequence brain imaging data obtained with the 3 Tesla GE
Discovery Magnetic Resonance (MR) 750W GEM ENAB
device. Brain MRIs are normally reported by specialist
radiologists working in the Radiology Department. A total of 30
(patients and controls) volumetric axial T1 sequence brain
imaging data taken with 3 Tesla GE Discovery Magnetic
Resonance (MR) 750W GEM ENAB devices were compared
using the volBrain analysis algorithm. The study was carried out
in compliance with the Declaration of Helsinki. The study was
approved by the RTEU Faculty of Medicine Ethics Committee
Decision No. 2020/13. All patients in the study were informed
about the study, and their written informed consent was obtained.
The authors declare that they have no known competing financial
interests or personal relationships that could have influenced the
work reported in this paper.

Measures and Procedures

Psychiatric Evaluation and Data Registration Form:
This form was prepared by our group and aimed to evaluate the
compliance of the sociodemographic data of the cases according
to the inclusion and exclusion criteria. Sixteen patients who had
records in the automation system of the hospital and met the
inclusion criteria (ICD-10: F32.0 in the hospital automation
system) were included in the study.

Implementation: The patients who had psychiatric
outpatient application records in the automation system of RTEU
Faculty of Medicine Training and Research Hospital and who
were diagnosed with MDD based on SCID-I during their
application and who were thought to meet the study criteria were
identified [33]. Patients who had phone numbers accessed in the
hospital file information system received a phone call. Patients
who chose to participate in the study during the phone call were
invited to the psychiatry outpatient clinic to evaluate the study
criteria in detail. Patients found to fulfill the study criteria were
included in the study.

Neuroimaging - MRI acquisition parameters: Cranial
MRI examination was performed using 36-channel head coil
with 3 Tesla Discovery MR 750W, GEM-70, (General Electric
Company, USA). The volumetric T1 axial (AX 3D T1 BRAVO)
image obtaining parameters used for research included several
parameters: (1) FOV: 24, Fhase FOV: 1.00, (2) Slice Thickness:
1 mm, (3) EN: 9.0, TE: 3.6, (4) Flip Angle: 12, (5)
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Frequency:288,
Bandwith:31.25.

Volbrain Volumetry Report

The VolBrain system is an internet-based program that
analyzes brain sMRI data automatically, reliably, and cantially.
Axial T1 DICOM (Digital Imaging and Communications in
Medicine) files were converted to the Neuroimaging Informatics
Technology Initiative (NIFI-1) format. Whole brain volumetric
analysis was performed by uploading compressed T1-weighted
images in NIFTI format to the online “volBrain” MRI brain
volumetric system. VolBrain created a PDF report that included
an automatic MRI analysis of brain data and the two-sided
volumes of the structures and volume information about total
intracranial cavities. After an average of 12 min of processing
time, volumetric measurements of white matter, gray matter,
cerebrospinal fluid, cerebrum, cerebellum, nucleus caudatus,
globus pallidus, putamen, nucleus accumbens, thalamus,
hippocampus, and amygdala were obtained. The resulting
volumes were statistically compared between groups and the
possibility of volumetric differences was reviewed. A statistical
comparison of the obtained data between the groups was
obtained by proportioning the volumes of each case as right/left
parts.

(6) Fhase:288, (7) NEX: 1.00, and (8)

Statistical analysis

The SPSS 21.0 Statistical Package Program was used to
evaluate the data. Descriptive analyses of categorical data were
obtained, and the results were expressed as numbers and
percentages. A chi-squared test (Fisher's Exact chi-squared test
as needed) test was used for comparative evaluation of
categorical data. Normal distribution eligibility of continuous
data was evaluated with the Kolmogorov—Smirnov test. Mean
and standard deviation values of the data that follow a normal
distribution and median and quarters clearance values of the data
that do not follow a normal distribution are given. For
comparison of continuous data between binary groups, an
independent T-test was used for data following a normal
distribution, and Mann-Whitney U (MWU) test was applied to
data that did not follow a normal distribution. A statistically
significant P-value was accepted as < 0.05.

Results

In our study; volBrain results from 30 individuals,
including 16 patient cases and 14 in the control group, were
evaluated. No significant difference in terms of gender (¥2 [1, n
=30]=0.117; P = 0.732), education level (2 [1, n = 30] = 0.002;
P = 0.961])and marital status (P = 0.596, Fisher’s exact test)
were found (Table 1). However, both groups were found to be
similar in terms of age (P = 0.608, MWU test). In our study,
total brain and total white/gray matter volumes in addition to
cerebellum, ventricle, nucleus caudatus, putamen, thalamus,
globus pallidus, hippocampus, amygdala, and nucleus
accumbens volumes were compared separately for right and left
between case and control groups. In terms of these variables, no
statistical difference was found between the case and control
groups except for the right globus pallidus volume (P = 0.008,
independent T-test), and the findings are summarized in Table 2.
However, the right/left ratios of volumes for each brain region
mentioned earlier were also compared between groups.
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Significant differences between the case and control groups in
terms of right/left ratios of cerebellum (P = 0.006, independent
T-test) and nucleus caudatus (P = 0.028, MWU test) volumes
were noted. The statistical analysis of the right/left ratios of the
volumes of the brain regions is summarized in Table 3.

Table 1: Sociodemographic features of case and control groups

Case (n=16) Control (n=14)  P-value
Median (IQR)  Median (IQR)
Age (Years) 55.5 (31) 69 (33) 0.608?
Case (n=16) Control (n=14)  P-value
Number (%) Number (%)
Gender
Male 9 (56.25%) 7 (50%) 0.732°
Female 7 (43.75%) 7 (50%) ¥ 0.117
Education Level
Below high school 9 (56.25%) 8 (57.14%) 0.961°
High school and above 7 (43.75%) 6 (42.86%) ¥%: 0.002
Marital Status
Married 11 (68.75%) 10 (71.43%) 0.596°
Other 5 (31.25%) 4 (28.57%)

IQR: inter-quartile range, * Mann-Whitney U Test, ® Chi-Squared Test, ¢ Fisher’s Exact Test
Table 2: Volumetric data of different brain structures in case and control groups

JOSAM
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Case (n=16) Control (n=14) P-
Mean Median Mean Median value
(SD) (IQR) (SD) (IQR)

WM Volume (cm®) 539.98 521.74 0.8472
(81.30) (81.09)

GM Volume (cm®) 658.61 643.22 0.186%
(114.84) (73.5)

Right Cerebrum 526.6 514.29 0.879%

Volume (cm?) (61.24) (58.65)

Left Cerebrum Volume | 519.79 507.23 0.997%

(cm®) (59.13) (57.46)

Right Cerebellum 63.88 60.65 0.423°

Volume (cm?) (9.95) (7.54)

Left Cerebellum 64.08 57.3 0.179°

Volume (cm?) (8.99) (8.84)

Right Ventricle 9.05 7.23 0.728°

Volume (cm?) (9.78) (32.26)

Left Ventricle Volume 10.52 10.04 0.951°

(cmd) (7.49) (31.87)

Right Caudate Volume 3.3(0.91) 3.47 (1) 0.240°

(cm®)

Left Caudate Volume 3.25(0.5) 3.32 0.965°

(cm®) (0.48)

Right Putamen Volume | 3.85 (0.76) 3.44 0.921°

(cm®) (0.69)

Left Putamen Volume 3.71 (0.85) 3.66 0.242°

(cm®) (0.63)

Right Thalamus 5.32(1.24) 5.16 0.147°

Volume (cmd) (0.76)

Left Thalamus Volume 5.34 (1.46) 5.27 0.078?

(cm®) (0.84)

Right GP Volume 0.98 (0.2) 0.92 0.008?

(cm®) (0.38)

Left GP Volume (cmd) 0.95 (0.32) 0.92 (0.3) 0.260%

Right Hippocampus 3.64 (0.61) 3.82 0.781°

Volume (cm?) (0.53)

Left Hippocampus 3.55 (0.69) 3.65 0.188?

Volume (cm?) 0.37)

Right Amygdala 0.54 (0.25) 0.54 0.209?

Volume (cmd) (0.18)

Left Amygdala Volume | 0.57 (0.26) 0.51 (0.2) 0.249°

(cm®)

Right NA Volume 0.3(0.1) 0.29 0.790°

(cm®) 0.22)

Left NA Volume (cm®) 0.34 0.36 0.697°

(0.06) (0.14)

SD: standard deviation, IQR: inter-quartile range, WM: white matter, GM: gray matter, GP: globus pallidus,
NA: nucleus accumbens, 2 Independent T-Test, ® Mann-Whitney U Test

L 2

v
Table 3: Asymmetry parameters of case and control groups
Case (n = 16) Control (n = 14) P-
Mean Median Mean Median value
(SD) (IQR) (SD) (IQR)
Right/Left Cerebrum 1.01 (0.03) 1.01(0.03)  0.759*
Ratio
Right/Left Cerebellum 1.01 1.02 0.006°
Ratio (0.03) (0.08)
Right/Left Ventricle 0.89 (0.28) 0.95(0.34)  0.790°
Ratio
Right/Left Caudate 0.96 (0.1) 1.03(0.15)  0.028*
Ratio
Right/Left Putamen 0.99 (0.09) 0.98(0.17)  0.294?
Ratio
Right/Left Thalamus 0.98 (0.14) 0.99 (0.09)  0.854°
Ratio
Right/Left GP Ratio 1.01 (0.28) 1.06 (0.19)  0.552*
Right/Left 1.04 1.05 0.642°
Hippocampus Ratio (0.1) (0.09)
Right/Left Amygdala 0.92 (0.2) 1.01(0.33)  0.052%
Ratio
Right/Left NA Ratio 0.86 (0.16) 0.94(0.23)  0.525°

SD: standard deviation, IQR: inter-quartile range, WM: white matter, GM: gray matter, GP: globus pallidus,
NA: nucleus accumbens, 2 Independent T-Test, ® Mann-Whitney U Test

Discussion

In our study, the volumetric measurements (cm®) of the
brain regions and the right/left brain ratios in MDD patients were
investigated using volBrain, which is a fully automated
segmentation technique. Comparison results of the right/left
nucleus caudatus and right/left cerebellum volume ratios were
found to be statistically significant. When the total volumes of
the brain regions and the volume measurements of each of the
right and left parts were compared, it was found that only the
right globus pallidus volume was larger compared to the control
group. In a recent Enhancing Neuro-Imaging Genetics Through
Meta-Analysis (ENIGMA) consortium study in which 2,540
MDD cases and 4,230 control patients were included from 32
data sets in which the volumes of brain regions were compared,
the presence of structural brain asymmetries in MDD was
investigated. Although that study had a fairly large sample size,
no significant difference was found between cerebral cortical and
subcortical volumes between groups in the ENIGMA study [8].
Similar to our comprehensive study in the literature, the brain
region volume results of our study were similar to the ENIGMA
consortium study except that the right globus pallidus volumes of
the case group were larger than the control group. This finding is
remarkable in terms of representing the suitability of the use of
the volBrain system in MDB.

In the ENIGMA study, it was thought that direct
comparison of the brain region volumes of the cases may have
had a cumulative effect. For this purpose, the comparison of the
right/left volume ratios of the brain regions in our study was also
designed to reveal the case-specific asymmetry bias. In this
context, the differences between the groups of right/left nucleus
caudatus and cerebellum volume ratios are remarkable in our
study. When our results were analyzed, it was found that the
right/left nucleus caudatus and right/left cerebellum ratios of the
case group were lower than those of the control group. These
results reveal an asymmetry in these brain regions of the case
group in which the right parts are smaller than the left ones. The
lack of significant differences in the results of our direct
volumetric comparisons can be explained by the fact that
asymmetry is not secondary to shrinkage or growth, that is, it
may be a structural feature. When the meta-analysis of the
studies conducted with functional neuroimaging techniques in
the literature was analyzed, it was shown that the bilateral
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caudatus gave less response to reward stimuli in patients with
MDD [6, 34]. Hypoactivation of the right caudate during the
processing of positive stimuli in MDD patients has also been
reported in previous studies [10]. A recent SMRI study indicated
that the total caudate nucleus size is smaller in MDD patients
compared to the control group; in addition, the right part of the
caudate nucleus shrinks more than the left [12]. In the same
study, it was also stated that further studies are needed to
investigate inter-hemispheric imbalances, assuming shrinkage in
the right caudate nucleus may be due to asymmetry in cortical
and subcortical volumes in MDD [12]. MRI-based manual
segmentation studies found different results consisting of no
decrease or change in nucleus caudatus volumes in individuals
with MDD compared to healthy subjects [35, 36]. Our study
shows that no change in the nucleus caudatus volume between
the groups could be found. Asymmetry was detected when
comparing the right/left nucleus caudatus ratios between the
groups.

Considering the recent increase in the number of studies
examining the relationship between MDD and cerebellum, it is
interesting that our study found a significant difference in the
right/left cerebellum ratios between the case and control groups.
Recent studies emphasize the importance of investigating the
relationship between basal ganglia and cerebellum volumes in
patients with/without MDD [21, 22, 37]. In this relationship, it is
assumed that the basal ganglia and cerebellum affect the cortical
activity separately by different thalamic pathways during the first
period [38]. However new evidence of the existence of direct
subcortical connections between these two structures, it is
accepted that they have the capability of affecting motor,
cognitive, and limbic functions together [22]. In the first study
defining the structural bond between basal ganglion and
cerebellum in non-human primates, it was shown that the dentate
nucleus of the cerebellum projects to the intralaminar nuclei of
the thalamus and then to the striatum and outer globus pallidus
using the transneuronal viral tracing method accompanied by
marking of the neurons in the dentate nucleus [39]. From this
point of view, the results presenting the difference in the
right/left cerebellum, nucleus caudatus ratios, and right globus
pallidus volumes detected in our study may be important. Direct
connections between the basal ganglia and the cerebellum
suggest that these regions work together to modulate processes,
such as motor control and emotion recognition or expression
[40]. In addition, it has been frequently emphasized in recent
studies that the basal ganglia and cerebellum have common
effects in regulating and exhibiting response selection, and
reward feedback [22, 40]. However, as our study showed,
neuroimaging studies examining  cortico—striatal-pallidal-
thalamic circuits in MDD patients indicate the presence of
abnormalities  concerning these regions [41-43]. The
abnormalities of the right globus pallidus and nucleus caudatus
(one of the structures of corpus striatum) may reflect the
relationship of cortico—sriatal-pallidal-thalamic circuits in
patients with MDD, a finding that has been emphasized in
previous research. In addition, showing the right/left asymmetry
of the cerebellum in our study is thought to shed light on the
possible relationship between these circuits and the cerebellum.
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It is important that our study is the first comprehensive study
carried out with the volBrain application in MDD patients.

Limitations and strengths

Relatively small sample size, single-center conduct of
the study, retrospective design, older age of the patients selected
for the study, and confounding effects of drugs can be counted as
limitations of this study; however, the use of a fairly new
segmentation method can make this study valuable. This
information will form an important publically available pipeline
for MDD-related structure segmentation, and it is hoped that it
will allow researchers to better analyze their data in an easy to
use, yet accurate and efficient, manner. This process suggests
that the proposed method can be readily applied under different
research and clinical conditions although a much larger
validation will be required. In addition, the use of a web-based
fully automatic segmentation technique, which is accessible, can
limit the differences that can be created by various fully
automatic segmentation algorithms in addition to the differences
in manual segmentation applications due to different raters.

Future cross-sectional multicenter studies should not
include different segmentation techniques and MRI acquisition
parameters. The challenge of multicenter research can be
overcome by using web-based fully automated segmentation
volumetry systems and the use of data containing the same
standardized MRI acquisition parameters because it is easy for
clinicians around the world to access web-based fully automated
segmentation volumetry systems.

Conclusion

In conclusion, in line with our hypothesis, our study
supported the notion of cortico—striatal-pallidal-thalamic circuit
abnormalities in current MDD research and found that some
regions in this phase may contain structural asymmetry. In
addition, this study contributed to the literature by adding
information about structural asymmetry in the cerebellum to the
studies examining the relationship between cerebellum and
MDD. From this point of view, the use of volBrain, which
presents volumetric findings compatible with the literature
related to MDD, is also promising. Research on fully automatic
segmentation techniques could become the driving force behind
fully understanding the biological foundations of MDD in the
future. Successful implementation of Volbrain in our study
suggests that Volbrain may be an important part of clinical
applications in many other neuropsychiatric disorders in the near
future.
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