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Abstract
The aim of this study was to investigate the alterations in regional homogeneity assessed by fMRI in patients with migraine
without aura (MWoA). Fifty-six eligible MWoA patients and 32 matched healthy volunteers were enrolled in this study. MWoA
patients were divided into three groups according to the headache days per month within 3 months: infrequent episodic migraine
(IEM) group, frequent episodic migraine (FEM) group, and chronic migraine (CM) group. Data collection and rest-state fMRI
examination were performed in all cases. The ReHo method was used to analyze the blood oxygen level dependent (BLOD)
signals of the adjacent voxels in the brain regions of each patient, and the consistency of their fluctuations in the sequences of
same time. Compared with normal controls, ReHo values of bilateral thalami, right insula and right middle temporal gyrus
increased and both precentral gyri decreased in the IEM group; ReHo values of bilateral thalami and the right middle temporal
gyrus increased; ReHo values of both anterior cingulate cortex, precentral gyri and putamen decreased in the FEM group.
Compared with control group, ReHo values of left olfactory cortex, right hippocampus, parahippocampal gyrus, suboccipital
gyrus and precuneus increased, both precentral gyri, precuneus, putamen and anterior cingulate cortex decreased in the CM
group. Comparedwith IEM group, ReHo values of both putamen, left middle frontal gyrus, right superior frontal gyrus increased,
and the left precuneus decreased in the FEM group. Compared with FEM group, ReHo values of left olfactory and left precuneus
increased, and the right superior frontal gyrus, insula, middle temporal gyrus, thalami, both superior temporal gyri decreased in
the CM group. In the IEM group, the changes of function focus on the regions associated with coding, conduction and regulation
of pain signals. In the FEM group, functional alterations mainly concentrated on the regions associated with pain regulation and
emotion cognition. In the CM group, the changes focus on the regions related to spatial attention and cognition, affective
disorders and pain feedback, which may be associated with migraine production, development and chronification.
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Migraine is a common disabling disease, usually accompanied by
nausea, vomiting and heightened sensitivity to light and sound,
which seriously affects people’s health and quality of life.
Migraine has been listed as one of the four diseases affecting

human health by the World Health Organization [1, 2].
According to the headache days per month, it can be divided into
episodic migraine (EM) and chronic migraine (CM). It has been
reported that about 2% to 2.5% of EM undergoes chronic trans-
formation each year [3]. Chronic transformation of migraine
(Chronification) causes changes not only in the frequency of head-
ache but also in the nature of headache. Themechanism of chronic
transformation ofmigraine has not yet been fully clarified. Resting
state BLOD-fMRI is widely used in the functional study of neu-
rological diseases, but there isn’t relevant functional imaging study
for the migraine patients with different frequency of attack.

Functional MRI (fMRI) has been used to investigate the
mechanisms leading to sensory hypersensitivity by measuring
brain responses to visual, olfactory, and painful cutaneous
stimulation in migraine cases, and functional connectivity
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analyses have shown the reconstruction of specific brain re-
gions and networks responsible for sensory processing. These
studies have consistently shown atypical brain responses to
sensory stimuli, absence of the normal habituating response
between attacks, and abnormal functional connectivity of sen-
sory processing regions. Identification of the mechanisms re-
lated to sensory hypersensitivity might help to better under-
stand neurological dysfunction in migraine and provide new
targets for prevention therapy, and also provide fMRI image
markers indicating early responses to preventive therapy. In
this study, the Regional Homology Analysis Method (ReHo)
was used to analyze the blood oxygen level dependent
(BLOD) signals of the adjacent voxels in the brain regions
of migraine cases without aura, who were grouped according
to the headache days per month within 3 months. We used the
healthy subjects as the control group to compare the difference
of brain activity in the resting state with migraine patients,
which would provide the basis for further investigation of
the mechanisms of migraine occurrence and development.

Objects and methods

General information

Case group A total of 65 migraine patients (age range, 14–
76 years) without aura presented in the Department of
Neurology in the First Affiliated Hospital of Soochow
University from December 2016 to September 2017. All the
subjects met the following criteria: (1) Conform to the diagnos-
tic criteria for migraine without aura in the International
Classification of Headache Disorders, 3rd edition; (2) the pa-
tients without headache attacks within 3 days before scanning;
(3) No history of overuse of analgesics; (4) No abnormal signal
in the brain in conventional MRI scanning; (5) Female subjects
were not pregnant or during menstrual periods. Exclusion
criteria were as follows: (1) Patients with other types of head-
ache; (2) Patients accompaniedwith cardiovascular and cerebro-
vascular diseases and other medical diseases; (3) Patients with a
history of drug or alcohol addiction or abuse; (4) Patients with
contraindications for MRI.

Collect clinical information of all the cases and exclude one
patient with organic disease in the brain and patients with hor-
izontal head movement exceeding 1 mm and rotational head
movement exceeding 1° (8 cases). 56 patients cooperating with
examination were divided into three subgroups as follows.

Infrequent episodic migraine (IEM) group: patients met the
diagnostic criteria for migraine without aura, and the headache
days per month ≤2 days, 19 patients were enrolled (5 males
and 14 females, mean age (41.58±2.56) years old);

Frequent episodic migraine (FEM) group patients met the di-
agnostic criteria for migraine without aura, 3–14 days of

headache per month, 20 patients were enrolled (4male, 16
female, average age (38.00±2.69) years old);

Chronic migraine (CM) group patients met the diagnostic
criteria for chronic migraine (headache days≥15 days/month,
lasts longer than 3months, at least 8 days/month are consistent
with migraine characteristics). 17 patients were enrolled (9
males and 8 females, average age (49.59 ± 3.55) years old);

Control group 31 healthy subjects (13 males and 18 females)
with an average age (49.77 ± 2.46 years old), who were
matched with migraine groups in age and gender.

All subjects signed the written consent form.

Image acquisition

A 3.0 T MRI scanner (MAGNETOM Skyra, Siemens
Healthcare, Erlangen, Germany) was used to perform the resting
state functional MRI scanning and T1 structure image scanning
with blood oxygenation level-dependent functional magnetic
resonance imaging (BLOD-FMR). The subjects were on a su-
pine position, and their heads were fixed with a sponge. When
the functional image data were captured, all the subjects were
quietly in the examination bed, closed their eyes and relaxed,
avoided mental activity, and were prohibited to fall asleep. The
relevant scan sequences and parameters were described as fol-
lows: Resting state blood oxygenation level-dependent func-
tional magnetic resonance imaging (BOLD-fMRI): Axial posi-
tion 33 layers, pulse repetition time/echo time (TR/TE) =
2000ms/ 30 ms, section thickness/ interval = 4mm/ 0mm, field
of view (FOV) = 256 mm×256 mm, collecting 240 times, and
scanning line parallel to the anterior-posterior commissure
Plane; The whole brain 3D high-resolution T1WI structure im-
age: 192 layers in sagittal, TR/TE = 2300 ms/900 ms, section
thickness/ interval = 1 mm/0 mm, FOV= 256 mm×256 mm.

Data processing

The data from the first 10 time points were eliminated to rule out
the effects of magnetic field inhomogeneity and subjects
inadaptability at the beginning of scan. The remaining 230 time
points were analyzed. Pre-processing: The original resting mag-
netic resonance data were processed by the DPARSF software
based on MATLAB platform, and then the corrected images
were normalized and the Full-Width Half Maximum (FWHM)
was set as 8 mm.

Statistical analysis

SPM8 was used to perform the independent double-sample t-
test analysis for each group of ReHo data. If there were sig-
nificant differences in the age, gender and education level
among migraine groups, the corresponding covariate was
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introduced in statistical comparison for each group, and anal-
ysis of multivariate variance was used to reduce the impact of
differences on the results. The threshold was set as P < 0.05
(false discovery rate test correction). Measurement data were
expressed as mean±standard deviation.

Results

After screening, 56 MWoA patients were enrolled in the mi-
graine groups, including 19 cases in the IEM group, 20 cases
in the FEM group, and 17 cases in the CM group. 31 age-and
sex-matched healthy subjects served as control group. The
clinical data were shown in Table 1.

(1). Changes in ReHo in brain regions of migraine cases
compared with healthy subjects

ReHo significantly increased in following brain regions in
the IEM group: bilateral thalami, right central anterior gyrus,
left central posterior gyrus, right insular lobe and right sacral
gyrus; significantly decreased in bilateral prefrontal cortex and
left angular gyrus. (See Fig. 1 and Table 2).

ReHo significantly increased in following regions in the
FEM group: bilateral central posterior gyri, thalami and right
middle temporal gyrus; significantly decreased in bilateral an-
terior cingulate cortex, prefrontal cortex, putamen and right
supplementary motor area (See Fig. 2 and Table 3).

ReHo significantly increased in following regions in the
CM group: the left olfactory cortex, right hippocampus,
parahippocampal gyrus, suboccipital gyrus, cuneus, and oc-
cipital gyrus; significantly decreased in bilateral prefrontal
cortex, precuneus, putamen, and anterior cingulate cortex
(see Fig. 3 and Table 4).

(2). Comparison of ReHo among migraine groups

Compared with the IEM group, the brain regions with in-
creased ReHo in the FEM group were bilateral putamen, left

precentral gyrus, left frontal gyrus and right superior frontal
gyrus; and the regions with a significantly decreased ReHowere
left precuneus and right angular gyrus (see Table 5 and Fig. 4).

Compared with the FEM group, the brain regions with
increased ReHo in the CM group were Left olfactory cortex,
paracentral lobule, and left precuneus, and the regions with
decreased ReHowere right superior frontal gyrus, right insula,
bilateral precentral gyri, postcentral gyri, right middle tempo-
ral gyrus, bilateral superior temporal gyri and right thalami
(see Table 6 and Fig. 5).

Discussion

So far, the pathogenesis of migraine has not yet been
completely clarified. The dominant viewpoints are the trigem-
inal neurovascular theory and cortical spreading inhibition
theory [4].

The ascending projection of the trigeminal neurovascular sys-
tem was launched from the trigeminal ganglion (TG) and con-
nected the intra- and extra-cranial structures (including blood
vessels) with trigeminocervical complex (TCC). The second-
order neurons from TCC project to third-order thalamic neurons
via spinothalamic tract, and there are also direct and indirect
ascending projections from the locus ceruleus (LC),
periaqueductal gray (PAG) and hypothalami. The third-order
thalamic cortical neurons broadly project synaptic junctions with
the cortex, including primary and secondary motor (M1/M2),
somatosensory (S1/S2) and visual (V1/V2) cortex. Connection
from TCC to superior salivatory nucleus (SUS), which provides
parasympathetic innervation to extra- and intracranial structures
through the sphenopalatine ganglion (SPG). Trigeminal cervical
complex (TCC) is affected by descending pain modulation path-
way emitted from PAG and Dorsolateral Pontine Tegmentum
(DLPT). There are direct connections between primary somato-
sensory (S1) and insular cortex (INS), meanwhile indirect pro-
jections from S1 are emitted through the hypothalami. The hy-
pothalamic projections form direct TCC-regulated projections,
and indirect projections through the locus ceruleus (LC) and
the periaqueductal gray (PAG), which can be further transmitted

Table 1 Clinical data

Item IEM group
(N = 19)

FEM group
(N = 20)

CM group
(N = 17)

NC group
(N = 31)

Age (year old) 42.0 ± 11.0 38.0 ± 12.01 49.59 ± 14.64 49.77 ± 13.69
Gender (M/F) 5/14 4/16 9/8 13/18
Years of education (years) 10.94 ± 3.42 11.40 ± 3.32 8.82 ± 3.32 13.06 ± 3.89
Course of disease (years) 9.37 ± 3.62 9.80 ± 3.61 7.41 ± 3.20 NA
headache days per month (days) 1.56 ± 0.61 5.82 ± 2.06 25.15 ± 6.87 NA
VAS score 6.63 ± 1.34 7.35 ± 1.79 7.24 ± 1.89 NA

IEM: Infrequent episodic migraine; FEM: Frequent episodic migraine; CM: Chronic Migraine; NC: normal control; VAS: visual analogue scale; NA: not
applicable
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through the rostral ventromedial medulla (RVM). This complex
network of direct and indirect pathways provides anti- and pro-

nociceptive modulation of trigeminal nociceptive signaling, and
its dysfunction is considered to be one of the reasons of migraine
attacks.

In recent years, with the development of functional
imaging techniques, the pathogenesis of migraine has
been given a new content. By investigating the changes
of functional brain regions and the high sensitivity of
neural networks in migraine patients, we can objectively
and scientifically understand the characteristics of chang-
es in brain structure and function during migraine attacks,
which would help to explore its pathogenesis and find
new therapeutic targets [5].

In 2009, Schwedt et al. [6] pointed out that the abnor-
mality of brain function network in migraine was caused
by the cumulative effect of long-term repeated headache
attacks, which was not directly related to ictal or interictal
period, but to the medical history, degree of pain, frequen-
cy of attacks, and accompanying symptoms. The local
correlation of blood oxygen level dependent (BOLD)
can be measured by ReHo analysis via Kendall coefficient
of consistency (KCC), which could be used to study the

Fig. 1 ReHo difference between infrequent episodic migraine (IEM)
group and health control group.Warm colors showed ReHo increased
in MWoA patients; cool colors showed ReHo decreased in MWoA
patients; p < 0.05, FDR corrected. Axial images were overlaid on

transverse slices of MNI-152 standard anatomical image. The left side
of the brain corresponded to the right hemisphere and vice versa. List of
structures in Table 2

Table 2 Comparison of functional changes in the resting-state fMRI
between IEM group and healthy control group

Anatomical area (AAL) MNI- coordinates T Voxel

X Y Z

Thalami_ L −13.57 −26.40 3.00 2.43 37

Thalami_ R 12.84 −19.94 9.60 2.20 42

Precentral gyrus_ R 36.85 −28.98 66.48 3.22 253

Insular lobe_R 35.55 −13.48 7.01 1.93 83

Posterior gyrus_L −48.48 −13.48 34.16 1.85 42

Angular gyrus_L −49.77 −58.69 33.00 −2.32 213

Medial frontal gyrus_R 8.99 52.40 41.92 −4.03 243

L, left; R, Right; IEM: infrequent episodic migraine; T: statistical value of
peak voxel showing ReHo differences between the two groups (negative
values: IEM group < Control group; positive values: IEM > Control
group); MNI: Montreal Neurological Institute Coordinate System or
Template; X,Y,Z: coordinates of primary peak locations in the MNI space
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changes of the brain neuronal activity in a resting state
and analyze differences in local brain activity [7].

In this study, we used fMRI technology to investigate mi-
graine patients without aura and explore the visualization of
neural mechanisms. Our study displays that changes in brain
function of migraineurs are not the result of a single episode
but the cumulative effect of repeated attacks, our results con-
firm with the previous viewpoint.

The changes of fMRI with a resting state in IEM group

In this study, a significantly increased activity has been
found in the brain regions of bilateral thalami, right
precentral gyrus, left posterior gyrus, right insular lobe
and right middle temporal gyrus in IEM patients and de-
creased activity in bilateral prefrontal cortex and left an-
gular gyrus, which is consistent with previous works [4, 5,
10, 11]. The insular lobe and thalami are critical areas of
the pain matrix and play a key role in the development of
pain. The insular lobe directly or indirectly participates in
the perception, coding, and regulation of pain, and it is

Fig. 2 ReHo difference between frequent episodic migraine (FEM)
group and healthy control group.Warm colors showed ReHo increased
in MWoA patients; cool colors showed ReHo decreased in MWoA
patients; p < 0.05, FDR corrected. Axial images were overlaid on

transverse slices of MNI-152 standard anatomical image. The left side
of the brain corresponded to the right hemisphere and vice versa. List of
structures in Table 3

Table 3 Comparison of functional changes between frequent episodic
migraine (FEM) group and healthy control group in the resting-state
fMRI

Anatomical area (AAL) MNI-coordinates T Voxel

X Y Z

Posterior central gyrus_L −48.78 −13.48 30.28 3.05 45

Posterior central gyrus_R 45.00 −12.00 33.00 3.77 111

Middle temporal gyrus_R 48.78 −58.69 1.84 2.89 27

Thalami_L −9.00 −24.00 3.00 3.03 69

Thalami_R 12.00 −21.00 3.00 2.84 54

Medial frontal gyrus_L −3.85 56.27 14.77 −3.67 256

Dorsolateral frontal gyrus._R −15.00 18.00 63.00 −3.53 216

Supplementary motor area_R 12.00 15.00 63.00 −3.62 277

Putamen_L −24.00 6.00 9.00 −2.87 47

Putamen_R 27.00 12.00 9.00 −2.80 44

L, left; R, Right; T: statistical value of peak voxel showing ReHo differ-
ences between the two groups (negative values: FEM group < Control
group; positive values: FEM group > Control group); MNI: Montreal
Neurological Institute Coordinate System or Template; X,Y,Z: coordinates
of primary peak locations in the MNI space
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Fig. 3 ReHo difference between Chronic migraine (CM) group and
normal control group.Warm colors showed ReHo increased in MWoA
patients; cool colors showed ReHo decreased in MWoA patients; p <
0.05, FDR corrected. Axial images were overlaid on transverse slices of

MNI-152 standard anatomical image. The left side of the brain
corresponded to the right hemisphere and vice versa. Full list of structures
in Table 4

Table 4 Comparison of
functional changes in the resting-
state fMRI between chronic mi-
graine (CM) group and normal
control group

Anatomical area (AAL) MNI-coordinates T Voxel

X Y Z

Pars operculairs inferior frontal gyrus_L −51.00 12.00 3.00 −7.72 153

Middle frontal gyrus _L −33.00 57.00 3.00 −4.76 249

Riangular inferior frontal gyrus_R 51.07 23.98 3.00 −2.88 415

Anterior cingulate cortex_L −6.00 36.00 0.00 −1.85 14

Anterior cingulate cortex_R 6.00 33.00 0.00 −2.04 7

Putamen_L −25.21 8.48 0.00 −4.21 58

Putamen_R 27.80 4.60 0.00 −1.92 85

Precuneus_R 6.00 −54.00 60.00 −1.99 92

Precuneus_L −3.00 −54.00 63.00 −2.26 112

Olfactory cortex_L −5.82 11.06 −14.97 3.59 32

Cuneus_L −4.52 −79.35 22.53 6.56 214

Occipital gyrus_R 36.85 −85.81 13.67 6.05 108

Hippocampus_R 33.00 −9.00 −18.00 1.86 11

Parahippocampal gyrus_R 27.00 −15.00 −30.00 1.90 19

L: left; R: Right; T: statistical value of peak voxel showing ReHo differences between the two groups (negative
values: CM group < Control group; positive values: CM group > Control group); MNI: Montreal Neurological
Institute Coordinate System or Template; X,Y,Z: coordinates of primary peak locations in the MNI space
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related to the emotional responses to pain perception [8].
In addition, there are interactions between the insula and

many other brain areas, and the changes of its structure
and function may reflect the potential changes of emotion-
al processing in migraineurs. The thalami, as a relay sta-
tion for sensory conduction, participates in the transmis-
sion, projection and emotion-related pain responses [9].
Many previous reports have shown that patients with mi-
graine may have functional changes in insula and thalami
during interictal periods [10, 11]. Moulton et al. [12] stud-
ied the change of fMRI in interictal migraine patients,
which displayed overactivated in the medial temporal lobe
when compared with healthy subjects, especially in the
anterior temporal pole (TP). TP shows significantly in-
creased functional connectivity in several brain regions
relative to pain sensation, pain occurrence, emotional
change, pain cognition and regulation, which suggests that
TP hyperexcitability may contribute to functional abnor-
malities in migraine. Recent evidence has suggested that
disruption of coordinated activity in brain networks may
be involved in the pathogenesis of various neuropsycho-
logical disorders. Resting-state functional magnetic reso-
nance imaging (rs-fMRI) studies have suggested that the

Table 5 Comparison of functional changes in resting-state fMRI be-
tween frequent episodic migraine (FEM) group and infrequent episodic
migraine group (IEM) group

Anatomical area MNI-coordinates T Voxel

X Y Z

Precentral gyrus_L −27.00 0.00 48.00 2.03 99
Putamen_R 24.00 3.00 0.00 1.91 41
Putamen_L −24.00 −3.00 0.00 2.12 49
Middle Temporal gyrus_R 27.00 39.00 30.00 1.90 114
Middle Temporal gyrus_L −39.00 6.00 57.00 2.51 12
Medial frontal gyrus_R 30.00 54.00 12.00 2.16 29
Precuneus_L −9.00 −66.00 45.00 −2.32 42
Angular gyrus _R 48.00 −66.00 45.00 −2.35 88

L: left; R: Right; T: statistical value of peak voxel showing ReHo differ-
ences between the two groups (negative values: FEM group < IEM
group; positive values: FEM group > IEM group); MNI: Montreal
Neurological Institute Coordinate System or Template; X,Y,Z: coordinates
of primary peak locations in the MNI space

Fig. 4 ReHo difference between infrequent episodic migraine (IEM)
group and frequent episodic migraine (FEM) group. Warm colors
showed ReHo increased in MWoA patients; cool colors showed ReHo
decreased in MWoA patients, p < 0.05, FDR corrected. Axial images

were overlaid on transverse slices of MNI-152 standard anatomical im-
age. The left side of the brain corresponded to the right hemisphere and
vice versa. Full list of structures in Table 5

J Med Syst (2019) 43: 298 Page 7 of 11 298



pathophysiology of migraine is associated with altered
functional connectivity (FC) in several brain networks,
such as the default mode network (DMN), visual, execu-
tive control, attention, and salience networks. These func-
tional disturbances may also relate to the sensory, affec-
tive, and cognitive components of pain processing in mi-
graine patients. The medial prefrontal cortex is part of the
default mode network (DMN). DMN plays an important
role in adaptive behavior, cognitive, emotional, and atten-
tional processes [13]. The prefrontal cortex plays a key
role in regulating pain perception through the cognitive
control mechanism [14]. Tessitore et al. [15] found that
the functional connectivity of the DMN in the prefrontal
lobe and temporal lobe was significantly reduced com-
pared with that of healthy subjects, which suggests that
DMN dysfunc t ion may be assoc ia ted wi th the
inadaptability of recurrent stress stimuli, so it may serve
as image marker for early migraine. Yu et al. [16] reported
a significant decrease in the ReHo values in the prefrontal
and orbitofrontal cortex of MwoA patients compared with
healthy individuals. Our study shows that the ReHo value
in the bilateral prefrontal cortex significantly decreases in
all of MwoA patients, which confirms that DMN dysfunc-
tion may be related to the stress stimulation due to recur-
rent headache. Our results show that the brain regions
with functional changes in IEM group are mainly

associated with the ascending project ion in the
trigeminovascular system and the pain regulation in the
default mode network. These brain regions are directly
involved the coding, conduction and regulation of pain
signals and may be the neuropathological basis of mi-
graineur susceptible to headache.

The changes of encephalic region in a resting state
fMRI in FEM group

It is observed that the regional homogeneity of bilateral
putamen is decreased in the FEM group. The putamen is
an important area of basilar ganglia, which may be in-
volved in integrating information among the cortex, thal-
ami region, and three specific pain-processing areas (sen-
sory, affective/cognitive, and endogenous regulation). The
basilar ganglia area plays a potential role in the neuro-
pathological mechanism of migraine [1, 17] Zhao et al.
[18] analyzed the fMRI changes of migraine patients by
stratified analysis and found that the structural abnormal-
ities of the globus pallidus in migraine patients were re-
lated to the course of the disease and structural abnormal-
ities of putamen were related to the frequency of attacks.
Moulton et al. [11] studied the task-state fMRI of the
thermal stimulus and found the basilar ganglia region
(caudate nucleus and putamen) became less responsive

Table 6 Comparison of
functional changes in resting-state
fMRI between chronic migraine
(CM) group and frequent episodic
migraine (FEM) group

Anatomical area MNI-coordinates T Voxel

X Y Z

Putamen_R 26.50 3.31 0.55 −2.31 57

Putamen_L 24.00 6.00 0.00 −2.67 100

Riangular inferior frontal gyrus_L −48.00 18.00 0.00 −2.42 184

Middle Frontal gyrus_L −33.00 57.00 12.00 −2.34 65

Medial frontal gyrus_R 24.00 63.00 15.00 −2.31 56

Insular cortex_R 42.00 9.00 0.00 −2.17 76

Precentral gyrus_R 54.00 0.00 51.00 −4.77 274

Precentral gyrus_L −54.00 9.00 42.00 −3.47 275

Middle Temporal gyrus_R 51.35 −32.85 −2.04 −2.22 28

Superior temporal gyrus_R 66.00 −33.00 12.00 −2.15 76

Superior temporal gyrus_L −54.00 −18.00 −12.00 −1.99 74

Posterior central gyrus_L −54.00 −17.35 49.68 −2.80 309

Posterior central gyrus_R 54.00 −15.00 51.00 −2.57 276

Thalami_R 12.00 −24.00 9.00 −2.32 13

Olfactory cortex_L −6.00 12.00 −15.00 3.03 35

Paracentral lobule_L −12.00 −12.00 78.00 2.55 36

Precuneus_L −12.00 −66.00 42.00 3.13 62

L: left; R: Right; T: statistical value of peak voxel showing ReHo differences between the two groups (negative
values: CM group < IEM group; positive values: CM group > IEM group);MNI: Montreal Neurological Institute
Coordinate System or Template; X,Y,Z: coordinates of primary peak locations in the MNI space
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to pain during a migraine attack. ReHo of the putamen in
the FEM group is significantly increased in this study
when compared with that of the IEM group, which further
validates previous theory. This may be the result of long-
term pain, cognitive impairments and emotional distur-
bances, because increased frequency of migraine attacks
can lead to impaired pain-processing and regulation. The
anterior cingulate cortex (ACC) is also a key region of the
pain matrix. The ACC is related to the insula, thalami,
prefrontal cortex, and other subcortical structures, involv-
ing emotions, cognition, and pain sensations, which plays
a decisive role in regulating pain [18]. Some studies have
shown that ACC is a “brain fingerprint” structure in
chronic pain. For example, ACC regional dysfunction
can be found in Fibromyalgia Syndrome [19], irritable
bowel syndrome [20], chronic tension-type headache
[21] and migraine patients [22–24]. Our study found that
compared with IFM group, the changes of the functional
brain regions in the FEM group were concentrated on the
regions associated with pain regulation, emotional cogni-
tion, and pain-related responses, which suggested that
these changes may be related to the increased frequency

of headache attacks, affective disorders, pain regulation
decompensation and so on.

The changes of encephalic regions in resting state
fMRI in CM group

Specifically, the activation of BA18 and 19 zones was ob-
served in the CM group. Photophobia is a common accompa-
nying symptom in migraineurs, which refers to a sensory dis-
turbance provoked by light. It is presumed that retinal light
signals converge on posterior thalamic neurons via the optic
nerve, which also receives noxious inputs from the dura mater
via the trigeminal nerve. These inputs are then projected into
the sensory cortex and the visual cortex (S1 and S2). Increased
cortical excitability in migraine patients leads to sensitivity to
light signals, which causes photophobia [4]. Recent finding
has shown that in blind and non-blind migraine patients, and a
variety of animal models, a novel retino-thalamo-cortical
pathway has been found to carry photic signal from
melanopsinergic and nonmelanopsinergic retinal ganglion
cells (RGCs) to thalamic neurons. The activity of these neu-
rons is driven by migraine attacks and their axonal projections

Fig. 5 ReHo difference between chronic migraine group(CM) and
frequent episodic migraine(FEM) group. Warm colors showed ReHo
increased in MWoA patients; cool colors showed ReHo decreased in
MWoA patients, p < 0.05, FDR corrected. Axial images were overlaid

on transverse slices of MNI-152 standard anatomical image. The left side
of the brain corresponded to the right hemisphere and vice versa. List of
structures in Table 6
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convey signals of headache and light to multiple cortical areas
involved in the generation of common migraine symptoms
[25]. Since patient was druing interictal, the activation of the
primary visual cortex was not observed. But as the secondary
visual cortex (V2), the activation of BA 18 and 19 zones
associated with visual and attention may also increase the
photophobia of migraine. In addition, significant activation
in the precuneus (BA7 zone) was observed in the CM group,
which had close functional connections with the posterior cin-
gulate cortex and prefrontal cortex. It was thought not only be
related to cognition and episodic memory, but also regulate
the pain and the attention in migraine and may be mediated by
the subcortical structures including the locus coeruleus [26].
The locus coeruleus is an important nociceptive regulation
region [27, 28], and it participates in the visual attention net-
work of the precuneus. It may activate the visual cortex via
percuneus and enhance the pain discomfort. These theories
may seem to explain the photophobia in the attack of mi-
graine. Activation of the olfactory cortex can also be observed
in CM. Osmophobia is found to be a common simultaneous
symptom of a migraine attack [29, 30]. Its mechanism is un-
known, and activation of the olfactory cortex may be associ-
ated with the formation of Osmophobia, leading to the over-
sensitivity to odors in migraine patients. It is manifested by an
abnormal intensity of the odor that is not normally enjoyed
and a change of the odor response that can be normally toler-
ated or even enjoyed.

Since the hippocampus takes part in spatial orientation,
memory consolidation, and stress response, Maleki et al.
[31] used task-state fMRI to study the functional connectivity
of the subcortical brain regions of migraine. The results
showed the functional connectivity among the hippocampus,
bilateral frontal lobes, supra-marginal gyrus, and insula is sig-
nificantly reduced in migraine patients with a higher frequen-
cy of attacks compared with the infrequent episodic migraine
group. Our study shows that the ReHo value of hippocampus
in CM patients is increased, which may be long-term stress
state in migraine patients, break the original organism homeo-
stasis, result in bidirectional feedback from the brain regions.
Thus, the relevant brain function and organism homeostasis
are gradually decompensated, resulting in the increasing fre-
quency of migraine attacks, and eventually chronic transfor-
mation. Since the olfactory cortex, hippocampus, and
parahippocampal gyrus are subordinate to the limbic system,
Wilcox et al. [32] studied the fMRI changes caused by emo-
tional stimuli during a migraine attack and found that there
was an extensive activation of the limbic system in migraine
patients. Maizels et al. [33] proposed a migraine central sen-
sitization model that presented the dysfunction of the limbic
system and hyperexcitability of the cortex. Activation of the
limbic system makes the migraine patient susceptible to stress
and emotional reactions, forming a bi-directional path related
to the trigeminal nociceptor, which leads to the migraine

attack for hours or even days. The affective disturbance is an
important factor associated with the chronic transformation of
migraine. In the process of chronic transformation, it can be
observed that emotional disorders (anxiety, depression) are
increased simultaneously [34, 35]. Therefore, the dysfunction
of the limbic system may be an important indicator of chronic
migraine. The abnormal function of the limbic system forms a
two-way feedback mechanism for the chronic transformation
of migraine, that is to say migraine is susceptible to emotional
disorders, and emotional disorders exacerbate the headache
and promote the chronic transformation. In the CM group,
our results showed that more attention was focused on spatial
attention and changes in brain regions such as cognition, af-
fective disorder, pain feedback, and so on. This suggests that
the mechanisms about pain, emotions and cognitive regula-
tions gradually decompensate. Eventually, the patients devel-
op into anxiety, depression, central sensitization and chronic
migraine.

Conclusion

In this paper, the ReHo method is used to compare the differ-
ence in the resting state brain function between MwoA pa-
tients and healthy subjects. The highlight is that patients with
migraine headaches are grouped according to the headache
days per month and the characteristics of functional brain
regions in each group of patients are compared. Our purpose
is to explore the changes of brain function in different regions
with the increasing frequency of headache and chronic trans-
formation. It will help to reveal the mechanism of occurrence,
development and chronic transformation of migraine to some
extent. However, our study still has some limitations. First, the
number of enrolled cases is relatively small, so selection bias
is unavoidable. Our results should be verified in a larger
group. Second, our study is limited to the migraine without
aura, and functional changes in corresponding brain regions in
other type of migraine cases need to be further explored.
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