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Different mean thickness implicates involvement
of the cortex in migraine
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Abstract
The results of neuroimaging studies on migraines have shown that the functions and functional connectivity networks of some brain
regions are altered in migraine patients, and different brain structure volumes have also been observed in recent years. However, it is
still not known whether the mean thickness of the cortex is different in migraine patients.
A total of 48 migraine without aura (MWoA) patients in interictal phase and 48 healthy controls were enrolled in this study. All

subjects received neurological and magnetic resonance imaging (MRI) examinations. Automatic segmentation processing of high-
resolution MRI structure images was performed using FreeSurfer software.
The mean cortical thickness of many brain regions in the frontal lobe, temporal lobe, occipital lobe, parietal lobe, and insula in the

migraine patient group was significantly decreased compared with that in the healthy control group. The mean cortical thickness of
the insula anterior was positively correlated with the duration of the disease course, while the mean cortical thickness of insula
superior and insula inferior was negatively correlated with the duration of the disease course.
The results showed that MWoA results from a complex interactive reaction involving many brain regions and many brain network

systems together. However, it is still not clear whether the difference in the brain structure of migraine patients is the result or the
cause of headache, which is a topic that must be better elucidated. Therefore, longitudinal neuroimaging studies onmigraine patients
with large samples sizes should be performed using more advanced neuroimaging techniques.

Abbreviations: ANCOVA= analysis of covariance, HIT-6=Headache Impact Test 6, MRI=magnetic resonance imaging, MWoA
= migraine without aura, VAS = visual analog scale.
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1. Introduction

Migraine is a debilitating disorder and one of the most common
disorders of the nervous system.[1] The prevalence of migraine is
approximately 9.3% in China, showing obvious familial
aggregation, most of them aremigraine without aura (MWoA).[2]

Recurrent attacks severely affect the quality of life of patients and
can increase the risk of developing cardiovascular and cerebro-
vascular diseases. The pathogenic mechanism is currently still not
clear. Studies have shown that migraine may be a progressive
disease; recurrent attacks could increase the risk of subtle lesions
and cause functional damage in some brain regions.[3] A variety
of imaging techniques are generally used to observe microstruc-
tural injury and functional abnormalities in brain regions such as
the prefrontal cortex, cingulate gyrus, insula, and thalamus,
which are the main regions that participate in the regulation of
pain by central nervous system.[4]

With the development of magnetic resonance imaging (MRI)
techniques, increasing numbers of new sequences and data
processing methods have been applied in neuroimaging studies
on migraines. These techniques exhibit a high spatial resolution
and are more sensitive to structural changes in the brain
compared with other neuroimaging models such as computed
tomography and positron emission tomography, thus presenting
a more powerful capacity for the analysis of brain function.[5–7]

Such studies have mainly focused on the resting state brain
function, brain functional connectivity network, and brain
structure of migraine patients. Functional MRI studies based
on the resting state and task state have shown that the functions
of some brain regions and the functional connectivity network of
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migraine patients are altered, and analyses of voxel-based
morphometry have demonstrated that the volumes of some
brain structures also exhibit differences. However, it is still not
clear whether the differences in the volumes of these brain
structures cause changes in thickness in migraine patients.
Therefore, the aim of this study was to investigate the differences
in cortical mean thickness between patients with MWoA and
healthy controls.
FreeSurfer is free software designed for the analysis of

morphological measurements through automatic segmentation
of brain structure images. It can easily and accurately measure the
mean thickness of the cortex in regions of interest in the brain.[8]

The aims of this study were to use the reliable automatic MRI
tissue segmentation technique to investigate whether the brain
cortex ofMWoA patients show changes in mean thickness and to
investigate the correlation between these changes and clinical
variables.

2. Subjects and methods

2.1. Study subjects
2.1.1. Patient group. A total of 49 patients with MWoA
confirmed by experts in the clinic of the Department of
Neurology of the First Affiliated Hospital of Third Military
Medical University, China, between November 2014 and
December 2015 were recruited. The inclusion criteria were as
follows: satisfaction of the migraine criteria in the International
Classification of Headache Disorders, 3rd edition, beta version; a
score of more than 50 points on the Headache Impact Test 6
(HIT-6) questionnaire; a score of more than 4 points on the visual
analog scale (VAS) of pain intensity; pain greater than grade II in
the pain classification system of the World Health Organization
(WHO); no history of drug abuse; no abnormal signals in
conventional MRI scanning and normal neurological examina-
tions; no neurological or internal diseases other than migraine;
and no migraine attack 3 days before scanning or 4 days after
scanning. During follow-up, 1 case exhibited right-sidedmigraine
pain 3 days after scanning and was excluded from the study.
Finally, 48 cases were enrolled, including 11 men and 37 women,
who were all right-handed. Each attack of migraine pain lasted
for >5hours without treatment in all patients, and the shortest
disease course duration in the MWoA patient group was 1 year,
and the longest was 24 years.

2.1.2. Healthy control group. A total of 48 volunteers recruited
from communities were used as the normal control group, all
healthy controls are not relatives of migraine patients. These
participants were all right-handed and included 37 women and
11 men.

2.1.3. Clinical scale assessment. General information for the
included patients, including duration of disease of migraine and
medication history, was recorded. The general psychological
conditions of all subjects were assessed using the Neuropsychiat-
ric Inventory questionnaire. The 24-item Hamilton Depression
Rating Scale, the 14-itemHamilton Anxiety Rating Scale, and the
Chinese Classification of Mental Disorders Version 3 were used
to assess whether the subjects exhibited depression, anxiety, or
bipolar disorder. Subjects without abnormalities were enrolled in
this study. The detailed conditions of migraine in the MWoA
patient group were assessed using the concise headache
questionnaire. In addition, HIT-6, VAS were employed to detect
the impact of migraine on the patients’ daily activities and
headache severity.
2

The education level, gender, and age of the subjects did not
differ significantly between the 2 groups (P>0.05). All subjects
volunteered to participate in this study. The patients were
informed of the experimental methods, aims, and possible risks
and discomfort before the study, and the patients volunteered to
sign an informed consent form. This study was reviewed and
approved by the Ethics Committee of the First Affiliated Hospital
of the Third Military Medical University.
2.2. Data collection

Collection of MRI imaging data from all subjects was performed
using a 3.0TMRI scanner (Siemens, Germany) with an 8-channel
head coil. The patient’s head was immobilized, and the patients
attempted to remain motionless. First, conventional T1W1 and
T2W1 axial images were collected to exclude cranial organic
diseases in the subjects. Sagittal high-resolution T1W1 structure
images were collected using the 3-dimensional magnetization-
prepared rapid acquisition gradient-echo sequence. The scanning
parameters were as follows: TR=1900ms, TE=2.52ms, flip
angle=9°, field of view=256�256mm2, voxels=1.0�1.0�1.0
mm3, and slice thickness=1mm. A total of 176 layers were
scanned over a period of 4minutes 26 seconds.

2.3. Data processing

The raw data obtained fromMRI scanning were used for format
conversion and classification. The high-resolution T2 structure
images were introduced into FreeSurfer 5.0 (http://surfer.nmr.
mgh.harvard.edu/fswiki/Download) for automatic anatomical
segmentation. The following main steps were performed:[9–11]

nonbrain tissues such as the skull were removed; optimal linear
conversion was performed to calculate the maximum likelihood
of the atlas template corresponding to whole-brain tissue images;
nonlinear conversion was performed to convert images into the
standardized Talairach space; whole-brain gray and white matter
segmentation was performed; the signal intensities of the gray
and white matter after segmentation were standardized;
topological correction of the surface of gray and white matter
after segmentation was performed; the boundary of the gray and
white matter surface after segmentation was defined; and the
mean thickness of a total of 148 brain regions corresponding to
74 regions in each of the left and right hemispheres, set up using
the aparc.a2009s template, was calculated. Approximately 16
hours were required for the analysis of each patient.

2.4. Statistical analysis

Thesubjectsweredivided intoaMWoApatientgroupandahealthy
control group. All data analyses were performed using SPSS 22.0
(http://www.spss.com). The demographic data and clinical param-
etersof thesubjects inthese2groupswereanalyzedusingdescriptive
statistics.Analysis of covariance (ANCOVA)wasperformed for the
subjects in these 2 groups using the mean thickness of all brain
regions as a dependent variable and gender, age, and the mean
thickness of the left or right hemisphere as covariates. The
significance level was set to P<0.05. Pearson analysis was
performed to examine the correlation between brain regions that
showed differences and the duration of the disease course.

3. Results

The demographic and general clinical data of all subjects are
shown in Table 1. There were 48 subjects in both the MWoA
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Table 1

Demographic and clinical data.

Controls (n=48) Migraineurs (n=48) P

Gender (male/female) 11/37 11/37 1
Age, years 35.12±9.45 (16–50) 35.47±9.91 (16–51) 0.904
Education, years 11.68±4.57 (5–19) 11.30±4.33 (5–19) 0.893
Disease duration, years NA 9.38±6.86 (1–24)
HIT-6 scores NA 66.40±9.39 (50–78)
VAS scores NA 7.23±1.45 (4–10)

Data are expressed as the mean±SD (range). HIT-6=Headache Impact Test 6, NA=not applicable,
SD= standard deviation, VAS= visual analog scale.
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patient andhealthy control groups. The gender, age, and education
level of the subjects did not differ significantly between these 2
groups (P>0.05). The Neuropsychiatric Inventory, Hamilton
depression rating scale,Hamiltonanxiety rating scale, andChinese
Classification of Mental Disorders Version 3 assessment report of
all participants were without abnormalities. The shortest disease
course duration in the MWoA patient group was 1 year, and the
longest was 24 years.HIT-6 scores of patients in theMWoAgroup
ranged from 50 to 78 points, indicating that migraine had
significantly affected these patients’ daily lives. Their VAS scores
ranged from 4 to 10 points, indicating that these patients suffered
from severe migraine and required medical treatment.
ANCOVA was performed using the mean thickness of the

cortex in the 148 brain regions of the whole brain, calculated
with the aparc.a2009s template for automatic segmentation, as a
dependent variable and using gender, age, and the mean thickness
of the left or right hemisphere as covariates. The statistical
analyses are shown in Figure 1 (Warm coloration indicates the
brain regions showing an increased cortical mean thickness, and
cold coloration indicates the brain regions showing a reduced
cortical mean thickness in MWoA patients. The mapping
threshold was set at P<0.05.). Brain regions showing P>0.05
Figure 1. Cortical mean thickness differences between migraine and healthy cont
mean thickness, and cold coloration indicates the brain regions showing a reduced
threshold was set at P<0.05.
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in the variance homogeneity test and P<0.05 in ANCOVA were
considered to be brain regions with significant differences
(Table 2.). These brain regions included the bilateral insula,
bilateral cuneus, bilateral cortex surrounding the corpus
callosum, left calcarine gyrus, Cingulate (bilateral dorsal anterior
cingulate, bilateral posterior cingulate, and bilateral anterior
cingulate), Frontal (bilateral orbitofrontal gyrus, bilateral middle
frontal gyrus, and right dorsolateral frontal gyrus), Temporal
(bilateral middle temporal gyrus, right inferior temporal gyrus),
Parietal (bilateral paracentral lobule, bilateral postcentral gyrus,
bilateral inferior parietal lobule, and bilateral precentral gyrus),
Occipital (bilateral superior occipital gyrus, left middle occipital
gyrus). As shown in Figure 2, the statistical significance of the
mean thickness of the brain area, MWoA patients were lower
than the healthy controls.
The brain regions in which the difference in mean thickness

exhibited statistical significance were used for comparative
analysis between the MWoA patient group and the healthy
control group. The results are shown in Figure 3. The results of
comparative analysis showed that for brain regions presenting
statistically significant differences, the mean cortical thickness in
the MWoA patient group was lower than that in the healthy
control group.
Pearson correlation analysis was performed on brain regions in

which the mean thickness exhibited a significant difference in
relation to disease course duration (Fig. 3). The results showed
that although the mean thickness of the cortex in the front, upper,
and insula inferior in the MWoA patient group was lower than
that in the healthy control group, the mean thickness of the cortex
in the bilateral insula anterior was positively correlated with the
disease course duration (rl=0.618 and rr=0.660); the mean
thickness of the cortex in the insula superior was negatively
correlated with the disease course duration (rl=�0.863 and
rr=�0.685); and the mean thickness of the cortex in the insula
inferior was negatively correlated with the disease course
duration (rl=�0.926 and rr=�0.627).
rols. Warm coloration indicates the brain regions showing an increased cortical
cortical mean thickness in migraine without aura (MWoA) patients. Themapping
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Table 2

Significant P values of the mean thickness of cortical areas.

Structure
Patients (n=48) Controls (n=48) Test

∗

Mean thickness† Mean thickness† P‡ F Px

lh_paracentral 2.265 2.340 0.854 4.102 0.046
lh_cingul_ant 2.643 2.692 0.977 1.336 0.021
lh_cingul_post_dorsal 2.882 2.963 0.721 4.598 0.035
lh_cuneus 1.703 1.756 0.813 4.724 0.032
lh_front_inf_opercular 2.690 2.770 0.933 4.859 0.030
lh_front_inf_orbital 2.695 2.821 0.679 5.123 0.026
lh_front_inf_triangul 2.515 2.632 0.950 8.994 0.003
lh_front_middle_gyri 2.602 2.673 0.291 4.033 0.047
lh_occipital_middle 2.551 2.634 0.950 5.772 0.018
lh_pariet_inf_angular 2.639 2.735 0.545 8.661 0.004
lh_temporal_middle 3.017 3.103 0.708 5.017 0.027
lh_calcarine 1.700 1.791 0.326 12.151 0.001
lh_circular_insula_ant 2.661 2.842 0.071 15.993 0.001
lh_circular_insula_inf 2.667 2.834 0.512 11.025 0.001
lh_circular_insula_sup 2.493 2.614 0.438 12.968 0.019
lh_oc_sup_and_transversal 1.940 2.044 0.723 7.792 0.006
lh_pericallosal 2.083 2.172 0.989 7.734 0.007
rh_paracentral 2.319 2.387 0.419 4.405 0.039
rh_cingul_ant 2.451 2.552 0.301 6.008 0.016
rh_cingul_post_dorsal 2.886 2.961 0.769 4.467 0.037
rh_cuneus 1.720 1.778 0.065 4.960 0.028
rh_front_inf_opercular 2.745 2.827 0.000 4.348 0.040
rh_front_inf_orbital 2.697 2.810 0.669 5.171 0.025
rh_front_inf_triangul 2.550 2.665 0.323 6.886 0.010
rh_front_sup_gyri 2.901 2.990 0.074 7.277 0.008
rh_pariet_inf_angular 2.682 2.742 0.943 12.850 0.001
rh_orbital 1.727 2.853 0.673 8.644 0.004
rh_postcentral_gyri 2.041 2.150 0.718 11.251 0.001
rh_temporal_middle 3.014 3.137 0.867 10.630 0.002
rh_circular_insula_ant 2.754 2.889 0.094 6.822 0.010
rh_circular_insula_inf 2.646 2.767 0.505 8.186 0.005
rh_circular_insula_sup 2.542 2.648 0.128 7.649 0.007
rh_front_middle_sulus 2.005 2.100 0.648 6.549 0.012
rh_front_sup_sulus 2.402 2.493 0.437 7.033 0.009
rh_oc_sup_and_transversal 2.042 2.136 0.379 4.426 0.038
rh_orbital_lateral 2.269 2.341 0.082 4.033 0.047
rh_pericallosal 2.126 2.220 0.483 8.094 0.005
rh_precentral_inf_part 2.003 2.072 0.070 4.086 0.046
rh_temporal_inf_sulus 2.329 2.429 0.102 6.807 0.011
rh_temporal_transverse 2.442 2.506 0.001 4.373 0.039

_ant=_anterior, _inf=_inferior, _lat=_lateral, lh= left hemisphere, _mid=_middle, oc_=_occipital, rh= right hemisphere, _sup=_superior, _temp=_temporal. ANCOVA=analysis of covariance, SD=
standard deviation.
∗
Analysis of covariance and adjusted for age, gender, and mean thickness of left/right hemisphere.

†Mean thickness in millimeter, data were expressed as the mean±SD.
‡ P values were test of homogeneity of variances.
x P values were ANCOVA.
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4. Discussion

This study showed that the mean thickness of the cortex in the
bilateral cuneus, posterior cingulate, inferior parietal lobule,
inferior frontal gyrus, and middle temporal gyrus was lower in
the MWoA patient group than in the healthy control group, the
results consistent with Schmitz et al.[12] The cuneus, posterior
cingulate, inferior parietal lobule, inferior frontal gyrus, and
temporal cortex are important components of the default
network.[13] In the resting state, the default network is mainly
associated with higher functions of the human brain, such as
memory and consciousness. Organized brain function activities
occur in the resting state. The cuneus and cingulate are the brain
regions with the greatest brain metabolic activity. The cingulate
4

gyrus and cuneus continuously collect surrounding and internal
information and allocate this information. The cuneus is involved
in high-level cognitive functions related to episodic memory and
self-relevant information processing and is associated with
conscious short-term memory.[14] The frontal lobe and posterior
cingulate gyrus are involved in emotional reactions to pain and
the subjective feeling of pain; in addition, they participate in the
memory, attention response, and cognition of pain.[15] The
inferior parietal lobule, including the supramarginal gyrus and
angular gyrus, mainly functions in the pain response and the
sensing of temperature and pressure. The mean cortical thickness
of these brain regions was found to be decreased in MWoA
patients, which might be associated with self-adaptation of the
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Figure 2. Significant P values of the mean thickness of cortical areas. The statistical significance of the mean thickness of the brain area, migraine without aura
(MWoA) patients were lower than the healthy controls.
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nervous system. Through self-attenuation of the nervous system,
emotional reactions to pain and the subjective feeling of pain are
reduced as much as possible, and responses to sensory functions
such as pain are also actively reduced. Therefore, reduction of the
mean cortical thickness of these brain regions in the default
network is associated withMWoA. Through self-attenuation, the
default network reduces participation in the subjective feeling of
pain and the emotional response to pain as much as possible.
The 3 processes of awareness, emotion, and cognition

constitute the complete experience of pain. The pain pathway,
including both the emotional component and the sensory
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the disease course duration.
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component, is divided into 2 parallel ascending pathways.
The prefrontal lobe and medial hypothalamic nuclei and their
projected limbic system constitute the affective pathway of pain,
while the lateral hypothalamic nuclei and the corresponding
cortical projection area and somatosensory area constitute the
sensory pathway of pain. This study showed that the mean
cortical thickness of the bilateral angular gyrus, orbital gyrus,
dorsolateral superior frontal gyrus, middle frontal gyrus, inferior
frontal gyrus, subcallosal gyrus, left calcarine, and right anterior
cingulate was lower in the MWoA patient group than in the
healthy control group, the results in keeping with Valfrè et al[17]
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and Datta et al. These brain regions are important
components of the limbic system and represent an important
link in the constitution of the affective pathway of pain. The
anterior cingulate gyrus receives fiber projections from the
midline thalamic nuclei andmedial nuclear group of the thalamus
and exhibits prominent functions in the affective pathway of
pain. The results of comparative analyses of subjects with chronic
pain and healthy subjects showed that the anterior cingulate
gyrus contains a high density of opioid receptor binding sites,[19]

indicating that the anterior cingulate gyrus participates in both
the formation and regulation of pain. A study by Leknes and
Tracey[20] demonstrated that stimulation of regions such as the
anterior hypothalamic region and anterior cingulate gyrus in the
limbic system can increase the pain threshold. Similarly, the
limbic system exhibits the function of inducing sleep activity. The
48 MWoA patients included in this study all required rest while
lying down quietly to obtain relief during the migraine attack
period, which might be associated with the activation of this
function in the limbic system. Therefore, the reduction of the
mean cortical thickness in these brain regions in the limbic system
was significantly associated with migraine pain. The limbic
system is both involved in the medial pain pathway in migraine to
generate the sense of pain and participates in the regulation of
pain to increase the pain threshold.
The salience network is mainly composed of the orbital

frontal lobe, insula, and dorsal anterior cingulate cortex (http://
www.psychiatrictimes.com/special-reports/neurobiology-bor
derline-personality-disorder). The orbital frontal lobe and
insular cortex play important roles in the inhibition of
noncognition-related tasks and the promotion of higher control
tasks, and they exhibit a “switch” function in the conversion
between the central executive network and the default network;
thus, they display antagonistic functions in the execution of the
cognitive tasks of these 2 networks.[21] This study showed that
the mean cortical thickness of the bilateral inferior frontal gyrus
operculum, middle orbital frontal gyrus, pars triangularis of the
inferior frontal gyrus, paracentral lobule, insula anterior, insula
superior, insula inferior, and dorsal anterior cingulate was
significantly lower in the MWoA patient group than in the
healthy control group, the results did not agree with DaSilva
et al.[22] The brain regions showing a significant decrease in the
mean cortical thickness are the main components of the salience
network. The task-state functional MRI analyses conducted in
MWoA patients revealed microstructural damage and func-
tional abnormality in the prefrontal cortex, cingulate gyrus,
insula, and thalamus. These regions are mainly involved in the
regulation of pain by the central nervous system. The
paracentral lobe is associated with attention and memory in
the cerebral cortex.[23] The present study showed that the
reduction of the mean cortical thickness in the bilateral
paracentral lobes might result in a reduction of attention. A
study by Tian et al[24] showed that dorsal anterior cingulate
gyrus was involved in motor and cognition control and was
associated with wake and autonomic control functions.
According to the external environment, the dorsal anterior
cingulate gyrus automatically regulates its own status to adapt
to environmental changes. This study showed that the reduction
of the mean cortical thickness in the bilateral dorsal anterior
cingulate gyrus might be associated with this automatic
regulatory control. This study showed that the brain regions
exhibiting a reduction of the mean cortical thickness, such as the
frontal lobe, inferior parietal lobule, and paracentral lobule, are
important brain regions in the pain matrix and might be
6

important brain regions for the production of analgesic
effects. The reduction of the mean cortical thickness in these
brain regions causes a reduction of analgesic effects, thus
inducing migraine attacks. Therefore, we hypothesized that the
salience network might play an important role in MWoA.
The reduction of the mean cortical thickness in these
brain regions in the salience network both regulates the
reduction of attention to and memory of the pain response
and induces migraine due to the reduction of its analgesic
effects.
The insula participates in many physiological processes,

including cognition with purpose, consciousness, perception,
autonomic regulation, interoceptive awareness, and somatosen-
sory perception. During the process of participation in these
complex functions, the insula plays a role in processing and
relaying incoming impulses. Functionally, the insula is divided
into the anterior insula and the posterior insula.[25] The anterior
insula is connected to the middle temporal gyrus, inferior
temporal gyrus, and anterior cingulate. It is involved in the
regulation of emotion mainly through brain regions in the limbic
system.[26] The anterior insula is also an integral part of the
salience network.[27] In addition, the anterior insula may be the
interactive center of the entire brain network.[28] The posterior
insula is closely connected to the premotor region, sensorimotor
region, supplementary motor region, and middle/posterior
cingulate gyrus and plays an important role in the integration
of sensorimotor function.[26] A study by Linnman et al[29]

showed that the anterior insula is closely associated with the
processing of emotion and cognition, while the posterior insula
is even more closely associated with the processing of the
differentiation of feelings. Frot et al[30] used laser evoked
potentials in the mouse brain to acquire data for the entire insula
and found that the primary processing of pain responses occurs
in the posterior insula. After coding according to intensity and
anatomical location, pain responses are conveyed to the anterior
insula. The emotional responses to pain are processed in the
anterior insula. The nociceptive input in the anterior insula
might be further combined into more complex brain networks,
such as the salience network.[31] This study showed that the
mean thickness of the cortex in the whole insula was lower in the
MWoA patient group than in the healthy control group, which
was consistent with previous studies and the results of Maleki
et al.[32] These findings indicated that long-term recurrent
migraine attacks might alter the structure of this region, thus
altering sensory and emotional processing in the insula. This
study showed that although the mean cortical thickness of entire
bilateral insula was lower in the MWoA patient group than in
the healthy control group, the mean thickness of the cortex of
the bilateral insula anterior was positively correlated with the
disease course duration, while the mean thickness of the cortex
of the upper and insula inferior was negatively correlated with
the disease course duration, the results in accord with Schmitz
et al.[33] According to a study by Sterzer and Kleinschmidt,[34]

this phenomenon can be explained as heightened alertness of
either stimulus- or task-driven origin, in which the endogenous
and exogenous stressors are integrated to challenge homeosta-
sis. With an increase in the disease course duration, the thickness
of the rear insula decreases more rapidly, thereby reducing the
transmission of nociceptive input to the anterior insula.
Conversely, the mean cortical thickness of the anterior insula
increases more slowly, thereby increase the process of attention
and cognition of pain to maintain the dynamic balance of the
entire brain network.

http://www.psychiatrictimes.com/special-reports/neurobiology-borderline-personality-disorder
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[13] Buckner RL, Andrews-Hanna JR, Schacter DL. The brain’s default
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5. Conclusion

The production of pain in MWoA patients involves many
interactions involving the pain center of the brain network.[35]

Although the present study showed that the mean thickness of the
cortex in many brain regions in many brain networks of MWoA
patients is decreased and that some brain regions are closely
associated with the disease course duration, it is still not clear
whether the change in the brain structure of MWoA patients is
the result or the cause of headache. To better understand this
issue, longitudinal neuroimaging studies onMWoA patients with
a large sample size are required.
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