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Acupuncture affects different ways for migraineurs of long- and short- 

courses on the efficiency of structural brain network  

Kang Wu1, Kuang-Shi Li1†, Ling-Ling Xu1, Pei Chen2, Lan Jiang1, Ya-Hui Wang1, 

Chen Chen1, Yue Wang1, Hua-Lei Geng1, Rui-Jia Liu1, Yi Ren1∗†, Yi-Huai 

Zou1∗† 

ABSTRACT 

Background:  To study the impact of acupuncture treatment on structural brain 

network for patients with different courses of migraine without aura based on 

fMRI.  

Methods:  A total of ten patients with a long course (>5 years) of migraine 

without aura (MWoA), ten patients with a short course (<5 years) of MWoA, and 

ten healthy volunteers were recruited in this trail. All patients received 

acupuncture treatment three times per week for four weeks. The changes in the 

topology properties of structural brain regions were observed via fMRI. The 

clinical symptom scores were adopted for evaluating the therapeutic effect.  

Results:  1) The small-world property on the group with a long course was 

decreased significantly (p<0.01) after treatment, while the group with a short 

course increased (p<0.01). 2) The clustering coefficient or nodal local efficiency 

of brain nodes (including the pontine crossing tract, left corticospinal tract, right 

medial lemniscus, left posterior limb of the internal capsule, right cingulum 

 
1 Dongzhimen Hospital affiliated to Beijing University of Chinese Medicine, Beijing, China 
2 Beijing Anding Hospital, Capital Medical University, Beijing, China 
∗ Corresponding author: Yi-Huai Zou, Email: zouyihuai2004@163.com; Yi Ren, Email: 
rywendy1982@sina.com. 
† Kuang-Shi Li, Yi-Huai Zou and Yi Ren contributed equally to this work. 



hippocampus, left fornix, left superior longitudinal fasciculus and right tapetum) 

showed significant changes (p<0.001) with an opposite tendency on the two 

groups after treatment. 3) The left posterior limb of the internal capsule 

(p<0.001, R=-0.73) and right tapetum (p<0.05, R=-0.54) had a strong 

relationship with migraine courses. 

Conclusions: The two unequal ways of acupuncture on the structural brain 

network of migraineurs with different disease courses were revealed. 

Acupuncture could regulate the central sensitization of chronic migraines, 

differently with the early stage. The nodal efficiency of the left posterior limb of 

the internal capsule and right tapetum would be symbols to discriminate against 

the process of MWoA.  

Keywords:  Migraine without aura, acupuncture, mechanism, course, structure, 

brain network, fMRI, graph theory, central sensitization. 

Background 

Migraine, a kind of paroxysmal brain dysfunction disease with multi-stage 

effects of headache and may incorporate neurological symptoms [1], is ranked 

the second most disabling neurological disorder as well as the third most 

prevalent medical condition in the world by WHO [2]. In recent years, it was 

demonstrated that acupuncture could improve the symptoms of migraineurs in 

the aspects of headache frequency [3], duration, degree as well as attacked 

days [4]. Several systematic reviews [5-7] corroborated that acupuncture had 

at least a similar effect as the standard prophylactic drugs, for instance, the 

flunarizine [8] and propranolol [9], but with fewer side effects and more cost-

effective [7]. Nevertheless, the functionary mechanism of acupuncture hadn’t 



been figured out. 

The field of functional neuroimaging provided several conclusions. An 

electroencephalogram (EEG) study [10] demonstrated that acupuncture 

improved the efficiency of functional brain networks in delta and alpha bands 

and promoted the long-range connections of bilateral hemispheres on the 

healthy individuals. A transcranial magnetic stimulation (TMS) trial [11] 

suggested that single acupoint stimulation increased the motor cortical 

excitation and decreased its inhabitation for the healthy volunteers. And a 

functional magnetic resonance imaging (fMRI) study [12] indicated the 

modulation effects of acupuncture on the abnormal brainstem activity for 

migraines. However, fMRI was got widely used since the resting brain networks 

were proposed [13], especially combing fMRI and resting brain networks to 

explore the special performance characteristics of migraineurs. Previous 

studies detected the functional connectivity of the brain network of migraines 

and found dramatic changes in the default mode network [14], attentional 

network [15] and salience network [16]. Two trials [17,18] further found that 

acupuncture improved the functional connectivity of the right frontoparietal 

network of migraineurs to moderate the headache. Other researchers [19-21] 

studied the structural connectivity of the brain network and found the abnormal 

integration within it. However, seldom study discussed the effect of acupuncture 

for structural connection of brain network. 

Recently years, whether the white matter of migraineurs destroyed was still in 

dispute. Two population-based imaging studies [22,23] indicated the damages 

on white matter for migraineurs compared with the healthy controls. Two trials 

[24,25] also showed the microstructural alterations of the white matter in 



migraineurs. However, several studies [26-28] suggested that migraineurs 

hadn’t significant changes in their white matter. Besides, a case-control study 

[29] indicated that microstructural white matter changes were not observed in 

the chronic and episodic migraineurs, yet recent research [30] reported the 

structural differences in brain white matter between the two of them. It seemed 

that the white matter of migraineurs was destroyed slowly in the process of 

migraines [31,32]. Hence, we considered that assigning two different courses 

of migraines could be better to recognize how acupuncture affected the 

structural connection of the brain network for migraineurs. 

Graph theoretical analysis plays an important role in realizing brain connectivity 

and could find effective connectivity patterns within complex brain structures  

[33]. It takes the whole brain as a combined of multiple-interrelated networks 

[34], which deemed each brain region as a node and only concentrated on the 

function of the regions rather than the size and location [35]. The combination 

of graph theory and fMRI could simpler to interpret the study conclusion due to 

the existing anatomic structure. 

Therefore, this research studied how acupuncture affected migraineurs with 

different courses and aimed to investigate as follows: 1) The effect of 

acupuncture on structural connectivity of brain network between the two 

different courses of migraines. 2) The corresponding effective brain regions of 

this effect. 

Methods 

Participants 

This trial consisted of ten patients with a long course (>5 years) of migraine 



(Long course group, LC), ten patients with a short course (≤5 years) of migraine 

(Short course group, SC) and ten healthy controls (Healthy control group, HC). 

The study enrolled subjects at the Dongzhimen Hospital of Beijing University of 

Chinese Medicine, Beijing, China, from Jan.2018 to Sep.2019, and was 

approved by the institutional review board at the Dongzhimen Hospital, Beijing 

University of Chinese Medicine. 

Patient groups: Inclusion criteria were as follows: 1) Fitting to the standard of 

migraine without aura in the international classification of headache disease 

(ICHD-2) issued by the international headache society in 2004 [36]. 2) Age from 

18 to 55, male or female, with right-handedness. 3) Having no metal implant in 

the body and no contraindications to MRI testing. 4) Having no depression or 

other serious mental illness. 5) Having no psychoactive drugs taken in the past 

3 months, or vasoactive drugs in the past 2 weeks. 6) Having no habit of taking 

analgesics for a long time. And exclusion criteria were followed: 1) Having the 

first headache attack of migraine after 55 years old. 2) Having a history of head 

injury, cluster headache, or other unclassified headaches. 3) Taking medicine 

to prevent migraines in recent 4 weeks. 4) Having the serious asymmetry or 

definite pathological changes in the anatomical structure of the head through 

the MRI scan. 5) Cannot hold on the times of the MRI scan.  

Healthy controls: Included criteria were as follows: 1) Having the matched age 

and gender to patient groups, with right-handedness. 2) Having no organic and 

significant functional diseases in the body. 3) Having no contraindications to 

MRI testing. And exclusion criteria were as follows: 1) Being the menstrual 

female, pregnant female and lactating female. 2) Having the serious asymmetry 

or definite pathological changes in the anatomical structure of the head through 



the MRI scan. 3) Having a family history of migraine or other serious mental 

diseases. 

Interventions and study design 

Patient groups received treatment three times per week for four weeks. The 

types of acupuncture included SJ23 (Si Zhu Kong, unilateral), GB8 (Shuai Gu, 

unilateral), EX-HN5 (Tai Yang, unilateral), GB20 (Feng Chi, unilateral), LI4 (He 

Gu, bilateral), LR3 (Tai Chong, bilateral), GB41 (Zu Lin Qi, bilateral), GB34 

(Yang Ling Quan, bilateral) and SJ5 (Wai Guan, bilateral), which all were 

deemed the most effective therapeutic schedule for migraineurs in the clinical 

care of Chinese medicine referred to the Clinical practice guide of evidence-

based acupuncture: Migraine (version 2014). The acupoints location was 

performed by acupoint name and location of the national standard of China 

(GB/T 12346-2006), and they were inserted approximate 10-15mn through 

manual rotation to sought for deqi sensation and then held for 30 minutes. 

After subjects were included, the patient groups were received fMRI scan and 

clinical symptom evaluation (including headache intensity, headache attack 

days, headache frequency) both twice, before the first treatment and after the 

final treatment. The healthy control group got one fMRI scan as the baseline. 

Data measurements 

The fMRI machine is a 3.0T superconducting magnetic resonance scanner 

(Siemens, Germany) from Dongzhimen Hospital. T1 weighted fast disturbed 

phase gradient-echo sequence is used to scan the axial position of the 

structural image. The scanning parameters are follows: echo time (TE) = 3.4ms, 

repetition time (TR) = 2530ms, field of view = 240mm × 240mm, data matrix = 



512 × 512, flip angle = 12°.  

After original diffusion tensor imaging (DTI) data collected, FMRIB software 

library (FSL, version 6.0) [37] was used to pick up brain mask, correct eddy 

current and adjust head movement to decrease artifacts bias. Then, diffusion 

tensor imaging toolkit (DTI-TK) [38] was adopted to revise voxel location into 

the original point [0,0,0], which reduced the space and position of brain 

structure to minimize comparison errors. Afterward, the white matter structural 

template of Enhanced Human Brain Atlas [39] was performed as a bootstrap 

template to normalize the size of the brain. After three times affine registrations 

and six times deformable aligns, the morphological deviation of individual brain 

structure was optimized to the greatest extent. Lastly the final data was warped 

into the standard space of bootstrap template, an accurate white matter fiber 

bundles of the brain structure of the subject were established. 

Graph theoretical network analysis toolbox (GRETNA) [40] was further used to 

extract average fractional anisotropy (FA) value of brain nodes, and then the 

johns hopkins university (JHU) brain areas template which was offered by 

Johns Hopkins University was overlapped the FA value to establish the network 

metrics of structural brain network. After the linear Pearson correlation 

coefficient was computed for each brain region, the topological attributions of 

brain networks were obtained. And all subjects were implemented by those 

steps (Figure 1). 

Outcomes measure 

The primary outcomes were the topological attributions of brain regions. It 

contained the following indicators: small-world property for estimating the 



efficiency of the global brain network, clustering coefficient and nodal local 

efficiency for estimating the efficiency of nodal brain network [41]. All of these 

indicators devoted to the measurements of the structural brain network. The 

differences of these indicators on LC and SC were detected before the first 

treatment and after the final treatment, with HC as the baseline. And the latent 

connections between these indicators and migraine courses were explored 

further. Besides, the clinical symptom scores were treated as second outcomes, 

which included headache intensity (Visual Analogue Scale, VAS), headache 

days and headache frequency to comment on the efficacy of acupuncture 

treatment. 

Statistical analysis 

R software (version 3.6.2 for windows) was performed for statistical analysis. 

The Shapiro-Wilk test was taken to verify whether the continuous data fitted in 

Gaussian distribution, considering p-value>0.05 (two-tailed). If the data fitted in 

the Gaussian distribution of each group, an independent t-test or paired t-test 

was further used for two groups comparison. Otherwise, the Wilcoxon test was 

employed. The strict Bonferroni method was adopted to correct the p-value. For 

the three groups comparison, the one-way analysis of variance and Kruskal 

Wallis test were used depending on whether their variances were equal, and 

the LSD method was taken for multiple comparisons. Chi-square test was used 

for categorical data. The correlation analysis was applied by the Spearman 

method.  All data displayed in mean (range). 

Results 

Baseline of fundamental information 



The gender and age of LC, SC and HC had a non-significant level (p>0.05), 

which showed the fundamental of the three groups were comparable in gender 

and age (Table 1).  

Primary outcomes 

Before the first treatment, LC and SC showed a slightly lower mean value of 

small-world property than HC. And they were all changed significantly (p<0.05) 

after the final treatment, with LC decreased and SC increased (Table 2). We 

further explored the details of the small-world property, found that LC and SC 

had a higher value in the level 0.05 and 0.10 of network sparsity (solid line in 

Figure 2) and changed differently (dashed line in Figure 2). 

We considered that the JHU template has forty-eight brain regions, then we 

adjusted the significant p-value of nodal network to 0.001 level (two-tailed). The 

brain regions that were significantly changed (p<0.001, adjusted) between 

treatment were the left corticospinal tract, left posterior limb of the internal 

capsule, right cingulum hippocampus, left fornix, left superior longitudinal 

fasciculus, right tapetum, pontine crossing tract and right medial lemniscus. 

Among them, the nodal efficiency of the left corticospinal tract, left posterior 

limb of the internal capsule, left superior longitudinal fasciculus and right 

tapetum on LC were increased after treatment. While the right cingulum 

hippocampus, left fornix, pontine crossing tract and right medial lemniscus on 

LC were decreased. SC showed the opposite (Table 2, Figure 3). 

Besides, we detected the relevance between the efficiency of these brain 

regions and the courses of migraines. The left posterior limb of the internal 

capsule (p<0.001, R=-0.734) and right tapetum (p<0.05, R=-0.538) both 



showed a negative correlation with the course (Figure 4). 

Secondary outcomes 

We found that the headache symptoms (headache intensity, days and 

frequency) had decreased trend after treatment as expected (Table 1). The 

headache intensity showed significantly changed (p<0.05), while the headache 

days and frequency were non-significant (p>0.05). 

Discussion 

This research demonstrated that acupuncture reduced the global efficiency of 

patients with a long course of migraine and improved patients with a short 

course of migraine. The related brain regions for these changes could be the 

pontine crossing tract, left corticospinal tract, right medial lemniscus, left 

posterior limb of the internal capsule, right cingulum hippocampus, left fornix, 

left superior longitudinal fasciculus and right tapetum. Furthermore, the left 

posterior limb of the internal capsule and right tapetum were relevant to the 

courses of migraines. 

Previous studies indicated the abnormal global topological attributions, which 

included high global efficiency, great clustering coefficient and rich-club 

organization on migraineurs compared with the healthy individuals [19,20]. The 

trial [20] further exhibited a significant association between headache attack 

duration and the increase of abnormal topological properties. We found the 

same phenomenon in this study that the two patient groups (LC and SC) had 

high small-world property than HC in the level of network sparsity from 0.05 to 

0.10 (solid line in Figure 2) before the treatment. We considered that our 

migraineurs could have formed an integration of abnormal pain-related brain 



circuits, and the pain information was passed to the central regulator though 

the short path of this integration. 

Previous researchers named this abnormal brain circuits as the central 

sensitization [42,43], which was extensive existed in chronic migraineurs [44]. 

It was considered that the central sensitization, which included cortical 

overreaction, brainstem alterations and sensitization of the trigeminal system 

[45], contributed to the chronic relapse of migraine [46]. According to our results, 

the rich small-world property on LC could correspond to this abnormal 

sensitization, and acupuncture reduced the global efficiency after treatment 

(Table 2). We speculated that acupuncture could moderate the road of central 

sensitization of patients with a long course of migraines to relieve the headache. 

Interestingly, we were surprised to find that acupuncture significantly increased 

the small-world property on SC (Table 2). This increased global efficiency 

suggested that acupuncture affected differently on SC and LC. A past trial [10] 

demonstrated that acupuncture (Zu San Li acupoint stimulation) increased the 

efficiency of the small-world network of healthy humans. Comparing to that, we 

considered the increased efficiency of SC in our study could be interpreted that 

patients with a short course could only build an abnormal brain circuits 

incompletely (close to healthy human, far from chronic migraineurs). And this 

incompleteness pattern would rely on the rapid transmission of information to 

relieve the pain sensation. 

We further detected the brain regions which were significantly changed after 

treatment. The related regions were left corticospinal tract, left posterior limb of 

the internal capsule, right cingulum hippocampus, left fornix, left superior 



longitudinal fasciculus, right tapetum, pontine crossing tract and right medial 

lemniscus (Table 2, Figure 3). Within them, LC had four regions decreased in 

nodal efficiency after acupuncture. The cingulum hippocampus, which was the 

essential structure with the limbic system, was related to cognitive impairment 

and emotional change on trigeminal neuralgia and chronic pain patients [47]. 

The fornix had a similar function with cingulum, they both participated in 

affective alteration in trigeminal neuralgia [48]. The pontine crossing tract and 

right medial lemniscus are known as parts of the brainstem, which could be 

responsible areas for brainstem alterations of central sensitization. Hence, we 

found that all the brain regions decreased after acupuncture were relevant to 

central sensitization.  

The changes in brain regions on SC were much complex. In the results, the left 

corticospinal tract, left posterior limb of the internal capsule, left superior 

longitudinal fasciculus and right tapetum were significantly decreased after 

acupuncture, while the left fornix and right medial lemniscus were increased 

significantly (Table 2, Figure 3). Previous studies [49,50] considered that the 

corticospinal tract, internal capsule and superior longitudinal fasciculus were all 

involved with sensory-motor, affective, cognitive and pain processing functions. 

It could be deemed that the road of acupuncture affected patients with short 

courses of migraine was closer to pain management, differently with chronic 

migraines. Besides, the significant changes in the right tapetum displayed 

opposite tendency on LC and SC also strengthened our speculation about the 

unequal ways of acupuncture to patients with different courses of migraine. 

Moreover, the relevance between the efficiency of those brain regions and the 

courses of migraines before the first treatment was explored (Figure 4). The 



right tapetum which affected sleep quality [51] displayed a negative correlation 

(p<0.05, R=-0.538). The left posterior limb of the internal capsule which showed 

a strong relationship (p<0.001, R=-0.734). They could be evidence to 

discriminate against the development process of migraine. Deficiently, we 

hadn’t taken multiple interfering factors into the analysis, for instance, the 

background of other diseases, anxiety depression scores and concomitant 

medication. Besides, the slightly decreased clinical behavioral indicators 

(headache intensity, days and frequency) in our study showed the effect of 

acupuncture treatment. In summary, this research illustrated the two 

modulation ways of acupuncture on the efficiency of the structural brain network, 

which potentially contribute to reveal the mechanism of acupuncture. 

The limitations of this study were as follows: 1) Sampling size limited the 

credibility of our conclusion. 2) Lack of various interfering factors, i.e. 

background of other diseases, anxiety and depression scores, and concomitant 

medication of subjects. Multiple regression analysis should be performed to 

adjust the correlation coefficient. 3) Skin irritation or psychological consolation 

cannot be excluded. In the beginning, this research was to stimulate the real 

clinical acupuncture treatment. Thus, a sham acupuncture group was not taken 

into consideration. All those disadvantages would be considered in the future. 

Conclusions 

Our study found that acupuncture had two modulation ways to affect the 

structural brain network of migraineurs with different courses, which could 

decrease the global efficiency of the brain network of chronic migraines and 

increase the efficiency of migraines in the early stage. The responsible brain 



regions were the pontine crossing tract, left corticospinal tract, right medial 

lemniscus, left posterior limb of the internal capsule, right cingulum 

hippocampus, left fornix, left superior longitudinal fasciculus and right tapetum. 

The central sensitization was the important mechanism of patients with a long 

course of migraines, and acupuncture could alleviate this road. Patients with a 

short course of migraine was unequal. The nodal efficiency of the left posterior 

limb of the internal capsule and right tapetum provided imaging evidences for 

the development process of migraines. Besides, acupuncture had insignificant 

effects to relieve headache intensity, days and frequency. We believed our 

results contributed to the understanding of mechanisms on acupuncture for 

migraines. 
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LC, n=10    SC, n=10    

HC, n=10 p-value
△△

 
Before After p-value

△
 t value 95%CI Before After p-value

△
 t value 95%CI 

Gender 

(women) 
10 — — — — 8 — — — — 8 0.328 

Age 

(Year) 

30.1 

(24-46) 
— — — — 

27.7 

(20-43) 
— — — — 

31.8 

(21-45) 
0.584 

Course 

(Year) 

15.4 

(9-30) 
— — — — 

3.1 

(0.1-4.3) 
— — — — — — 

Headache 

      intensity 

6.65 

(4-9.5) 

4.6 

(3-8.5) 
0.005∗ -3.727 (-3.29, -0.81) 

6.05 

(2-10) 

3.7 

(0-7) 
0.014∗ -3.062 (-4.10, -0.61) — — 

Headache  

       days 

5.2 

(1-16) 

3.3 

(1-8) 
0.058 -2.172 (-3.88, 0.08) 

3.85 

(0.5-10) 

1.95 

(0-4) 
0.100 -1.836 (-4.24, 0.44) — — 

Headache 

     frequency 

4.2 

(2-8) 

3.4 

(1-8) 
0.121 -1.714 (-1.86, 0.26) 

3.8 

(1-8) 

2.9 

(0-12) 
0.556 -0.612 (-4.23, 2.43) — — 

 

Table 1: The fundamental information of subjects. The p-value with notation △ was performed by Wilcoxon test (two-tailed), and the 

△△ was performed by the Kruskal-Wallis test. The significant level of the p-value (<0.05) was displayed in ∗, The 95%CI meant a 

95% confidence interval. 

 

 

 



Topological attribution HC 
LC LC Comparison

△
 SC   SC Comparison

△
 

Before After p-value t value Before After p-value t value 

Global network          

Small-World Property 
1.124 

(1.058-
1.237) 

1.115 
(0.897-1.294) 

1.002 
(0.899-1.195) 

0.005 -3.633 
1.086 

(0.932-1.573) 
1.376 

(1.056-1.858) 
0.001 5.139 

Nodal networks          

Clustering Coefficient          

Corticospinal Tract, Left 
0.348 

(0-0.485) 
0.250 

(0-0.833) 
0.443 

(0-0.819) 
0.078 1.986 

0.559 
(0-0.717) 

0.359 
(0-0.529) 

0.000∗∗ -5.148 

Posterior Limb of 
Internal Capsule, Left 

0.711 
(0.546-1) 

0.483 
(0-0.695) 

0.800 
(0.693-1) 

0.007 3.460 
0.734 

(0.561-1) 
0.436 

(0-0.582) 
0.000∗∗ -5.868 

Cingulum Hippocampus, 
Right 

0.106 
(0-0.429) 

0.404 
(0-0.589) 

0.103 
(0-0.333) 

0.000∗∗ -7.389 
0.173 

(0-0.424) 
0.375 

(0-0.727) 
0.087 1.914 

Fornix, Left 
0.289 
(0-1) 

0.450 
(0-0.833) 

0.375 
(0-0.643) 

0.218 -1.322 
0.152 

(0-0.484) 
0.409 

(0-0.575) 
0.000∗∗ 4.825 

Superior Longitudinal 
Fasciculus, Left 

0.667 
(0.3-0.828) 

0.668 
(0.467-0.865) 

0.710 
(0.652-0.8) 

0.437 0.813 
0.618 

(0-0.804) 
0.474 

(0.385-0.563) 
0.000∗∗ -5.822 

Tapetum, Right 
0.122 
(0-0.4) 

0.132 
(0-0.417) 

0.648 
(0-1) 

0.000∗∗ 4.832 
0.667 
(0-0.9) 

0.314 
(0-0.526) 

0.000∗∗ -7.559 

Nodal Local Efficiency          

Pontine Crossing Tract 
0.522 
(0-1) 

0.620 
(0-0.806) 

0.121 
(0-0.597) 

0.000∗∗ -6.562 
0.592 

(0-0.811) 
0.650 

(0-0.805) 
0.335 1.019 

Medial Lemniscus, Right 
0.446 

(0-0.847) 
0.733 
(0-1) 

0.544 
(0-1) 

0.216 -1.330 
0.131 

(0-0.541) 
0.614 

(0-0.777) 
0.000∗∗ 6.560 

 
Table 2: The analysis list of the topological attributions. The comparison with notation △ was performed by paired Wilcoxon test, the 

significant level of the p-value (<0.001, two-tailed, adjusted by Bonferroni) was displayed with ∗∗. 
 



Figure 1: Scheme of the data process. The original data was normalized by the enhanced human brain atlas template to generate 
the FA (fractional anisotropy) data and then overlapped the JHU (Johns Hopkins University) template to establish the structural brain 
network. 



 

Figure 2: The changes of small-world property on LC and SC. The dotted line represented the small-world property after the final 
treatment. The solid line represented the small-world property before the first treatment. 

 

 

 



Figure 3: The brain regions which were significantly changed after treatment (p<0.001). The color red represented the increase of 
nodal efficiency and color blue represented the decrease. The sizes of brain regions were dependent on t value in Table 2. 



 

Figure 4: The brain regions which were relevant to the courses of migraine before acupuncture. The posterior limb of the internal 
capsule and right tapetum showed a negative correlation with the courses of migraines. 
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Figures

Figure 1

Scheme of the data process. The original data was normalized by the enhanced human brain atlas
template to generate the FA (fractional anisotropy) data and then overlapped the JHU (Johns Hopkins
University) template to establish the structural brain network.



Figure 2

The changes of small-world property on LC and SC. The dotted line represented the small-world property
after the �nal treatment. The solid line represented the small-world property before the �rst treatment.

Figure 3



The brain regions which were signi�cantly changed after treatment (p<0.001). The color red represented
the increase of nodal e�ciency and color blue represented the decrease. The sizes of brain regions were
dependent on t value in Table 2.

Figure 4

The brain regions which were relevant to the courses of migraine before acupuncture. The posterior limb
of the internal capsule and right tapetum showed a negative correlation with the courses of migraines.


