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ABSTRACT 

Migraine is a multifactorial neurovascular syndrome characterized by typical headache 

attacks that occur with internal and external triggering factors in individuals with genetic 

susceptibility. It affects more than 12% of the general population. The aim of the present study is to 

compare the morphometric measurements of the determined white matter structures with the control 

group to investigate whether there is a structural difference in white matter structures in female 

patients with migraine. 

The width of the internal capsule parts (anterior limb, posterior limb and genu) and genu 

angle was evaluated through MRI. Corpus callosum related measurements were determined in the 

sagittal section. It was manually traced following its edge on the midsagittal slice of T1 images, where 

its structure appeared most remarkable. The right and left internal capsule related measurements 

were compared with migraine and control groups. Except the genu angle, there were statistically 

significant difference between all measurements and widths in the migraine group were greater than 

controls. No significant difference was found between the corpus callosum related measurements in 

the comparison of both groups. 

Internal capsule consists of several essential white matter fiber bundles of the brain, and is 

strongly connected between a range of cortical and subcortical anatomical structures. It has a crucial 

importance for brain functions and it can be affected by a variety of pathologies. The corpus callosum 

is the main fiber tract connecting two hemispheres with extensive connections and is topographically 

organized. It has been investigated in several neurodegenerative diseases as a marker for cortical 

pathology. 

 Knowing the white matter structure in migraine patients, determining its prevalence, and its 

correlation with the severity, type and duration of migraine can give an idea to clinicians. 

Keywords: Migraine, Internal Capsule, Corpus Callosum, Morphometry, MR.  

 

 

1. INTRODUCTION 

Migraine is a multifactorial neurovascular syndrome characterized by typical headache 

attacks that occur with internal and external triggering factors in individuals with genetic 

susceptibility. It affects more than 12% of the general population (Lipton et al., 2001). 

Migraine headache does not always occur in the same clinical form. Due to different 

characteristics and accompanying symptoms, migraine symptoms may vary between patients 

and sometimes even in the same person over time (Russel et al., 1994). Structural lesions of 

unknown clinical significance are frequently observed in brain Magnetic Resonance Images 

https://orcid.org/0000-0002-2459-809X
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(MRI) in migraine patients (Del Zotto et al., 2008). Migraine is more common in men before 

puberty and in female during and after adolescence (Lipton and Bigal 2005; Lipton et al., 

2007). It is most common in the 20-50 age range (Russel et al., 1994). The incidence of 

migraine in Turkey was found to be 16.4%. It has been reported that the female to male ratio 

was found to be 3: 1 and it was seen in 24.6% of female (Ertas et al., 2012).   

The corpus callosum is composed of thick myelinated fibers that connect the relevant 

centers in the right and left brain hemispheres. This is the biggest and most important way that 

plays a role in the transmission of information reaching one hemisphere to the other. Corpus 

callosum atrophy can be seen in various neurological and psychiatric diseases ranging from 

Alzheimer's disease to depression (Gazzaniga, 2000; Quigley, 2003). 

The internal capsule is a white matter composed of efferent and afferent fibers that 

extend vertically to connect some of the cortical centers to the spinal cord. It is divided into 

five parts which are anterior limb, genu, posterior limb, retrolentiform limb (retrolenticular 

part) and sublentiform limb (sublenticular part). Different fibers pass through each part of the 

internal capsula. Anterior thalamic radiation and frontopontine tracts from anterior limb, 

corticonuclear tracts from genu; retrolentiform parts and sublentiform parts are pass through 

the posterior limb. It is an important indicator place to identify neurological diseases at all 

stages of life (Turamanlar et al., 2020).   

The aim of the present study is to compare the morphometric measurements of the 

determined white matter structures with the control group to investigate whether there is a 

structural difference in white matter structures in female patients with migraine. 

2. MATERIALS AND METHODS 

Our study was carried out retrospectively in the Department of Radiology and 

Department of Anatomy, Faculty of Medicine, Afyonkarahisar Health Sciences University. 

The patient group was formed with 40 female patients between the ages of 18-65 who were 

admitted to the neurology outpatient clinic and diagnosed with migraine. A control group was 

formed from 79 female individuals in the same age range who had normal findings and had 

not been diagnosed with migraine, who had previously undergone Magnetic Resonance 

Imaging (MRI) for any reason. Those who were outside the specified age range, male patients 

and patients with any pathology other than migraine on MRI were excluded from the study. 

Images were obtained from T1 weighted both transverse and sagittal brain sections 

through 1.5 T MRI (Philips Medical Systems, The Netherlands). MR protocol was as follows: 

TR = 500 ms; TE = 15 ms; FOV = 23 cm, slice thickness 5 mm; number of exitations = 2; 

matrix size = 256 × 256. Anatomical measurements were conducted on the Aquarius 

Workstation using the Aquarius NET program (TeraRecon Inc., USA). 

The width of the internal capsule parts (anterior limb, posterior limb and genu) and 

genu angle was evaluated through MRI. The internal capsula related measurements were 

made at the level where the caudat nucleus, lentiform nucleus and thalamus were seen in the 

same transverse section. Measurements made bilaterally in the same section. The angle of the 

lateral opening of the internal capsule in the genu of the line passing through the middle of the 

anterior and posterior limb was evaluated. The widest parts of the internal capsule between 

the thalamus and the lentiform nucleus were measured (Figure 1). 
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Figure 1 

 

Corpus callosum related measurements were determined in the sagittal section. It was 

manually traced following its edge on the midsagittal slice, where its structure appeared most 

remarkable. Morphometric measurements were conducted according to the same methods 

reported previous studies (Hofer and Frahm, 2006; Unlu et al.,2014). After drawing the 

transverse line (AP line) that connects the extreme point of the genu with the extreme point of 

the splenium in the sagittal plane, a total of 5 areas were measured and evaluated through 

MRI (Figure 2). 

Figure 2 

 

 The data obtained from the study were evaluated using IBM SPSS 20.0 (IBM 

Statistical Package Social Science) Means, standard deviations and percentages of the data 

were given in statistical analysis. The distribution of the data was analyzed using the 

Kolmogorov-Smirnov test. Mann- Whitney U test was used for independent two group 

comparisons, and Kruskal Wallis test was used in multiple group comparisons. The results 

were evaluated at the 95% confidence interval and the significance at the p <0.05 level. 

3. RESULTS 

40 female patients with migraine and 79 female individuals without a diagnosis of 

migraine were included in the study. The mean age of the migraine group was 40.65 year and 

the controls was 40.24.  

The mean widths of the anterior limb, genu and posterior limb were measured as 3.99 

mm, 7.29 mm and 5.17 mm on the left side and 4 mm, 7.28 mm and 5.17 mm on the right 

side in migraine group, respectively. The mean widths of the anterior limb, genu and posterior 

limb were measured as 3.29 mm, 5.93 mm and 4.26 mm on the left side and 3.37 mm, 5.98 

mm and 4.06 mm on the right side in controls, respectively.  

The measurements of the right and left internal capsule structures of the controls were 

compared, statistical difference was found only in the posterior limb width (Table 1).  
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Table 1. Comparison of right and left internal capsula related measurements in controls 

(p<0.05). 

Controls Left Right p 
 

Min. Max. Mean±SD Min. Max. Mean±SD 
 

Anterior limb (mm) 1.42 9.37 3.29±1.30 1.96 9.60 3.37±1.31 0.63 

Genu (mm) 3.21 7.69 5.93±0.84 3.20 7.63 5.98±0.78 0.67 

Posterior limb (mm) 2.25 7.12 4.26±0.88 1.96 6.76 4.06±0.94 0.01 

Genu Angle (x/180) 104.00 137.00 123.22±5.27 105.00 135.50 123.03±5.41 0.81 

 

When the same measurements were made for migraine group, no significant 

difference was detected (Table 2). The right and left internal capsule related measurements 

were compared with migraine and control groups. Except the genu angle, there were 

statistically significant difference between all measurements and widths in the migraine group 

were greater than controls (Table 3).  

Table 2. Comparison of right and left internal capsula related measurements in patient group 

(p<0.05). 

Migraine Patients Left Right  

 Min. Max. Mean±SD Min. Max. Mean±SD p 

 Anterior limb (mm) 2.02 6.15 3.99±0.82 2.19 6.27 4±0.88 0.67 

 Genu (mm) 5.71 9.39 7.29±1.02 5.62 9.56 7.28±1.02 0.67 

 Posterior limb (mm) 3.01 8.21 5.17±1.25 2.95 8.05 5.17±1.24 0.81 

 Genu Angle  (x/180) 106.00 138.00 121.95±8.05 104.80 137.00 122.13±7.99 0.4 

        

Table 3. Comparison of right and left internal capsula related measurements patient group 

with migraine group (p<0.05). 

  Patients Controls  

  Mean±SD Mean±SD p 

Left  Anterior limb (mm) 3.99±0.82 3.29±1.30 0.001 

  Genu  7.29±1.02 5.93±0.84 0.001 

  Posterior limb (mm) 5.17±1.25 4.26±0.88 0.001 

 Genu Angle (x/180) 121.95±8.05 123.22±5.27 0.22 

Right  Anterior limb (mm) 4±0.88 3.37±1.31 0.001 

  Genu  7.28±1.02 5.98±0.78 0.001 

  Posterior limb (mm) 5.17±1.24 4.06±0.94 0.001 

  Genu Angle (x/180) 122.13±7.99 123.03±5.41 0.4 
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 No significant difference was found between the corpus callosum related 

measurements in the comparison of both groups (Table 4). 

Table 4. Comparison of Corpus Callosum related measurements patient group with migraine 

group (p<0.05). (CC: Corpus Callosum) 

 Migraine Control  

Mean±SD Mean±SD p 

CC 1 (mm2) 115.51 ± 19.34 169.54 ± 38.23 0.12 

CC 2 (mm2) 148.54  ±21.52 147.95 ± 28.81 0.54 

CC 3 (mm2) 72.68 ± 14.30 68.51 ± 15.22 0.14 

CC 4 (mm2) 35.29 ± 10.17 35.21 ± 9.42 0.78 

CC 5 (mm2) 211.49 ± 29.76 217.29 ± 39.41 0.5 

CC lenght (mm) 67.27 ± 5.43 68.08 ± 5.07 0.72 

 

4. DISCUSSION 

Understanding the pathophysiology of migraine has provided scientists with 

significant advances in recent years. According to the data of the World Health Organization 

(WHO), migraine is among the first 20 diseases that cause severe disability in the world 

(Leonardi et al., 2005). Migraine is a familial disease and is often characterized by a 

unilateral, throbbing headache and may begin in childhood, adolescence or early adulthood 

(Allan and Martin, 2011). As a result of recent researches, only vascular theory has been 

moved away from the pathophysiology of migraine and integrated neurovascular theory has 

been accepted (Evans et al., 2020). 

Internal capsule consists of several essential white matter fiber bundles of the brain, 

and is strongly connected between a range of cortical and subcortical anatomical structures 

(Hyett et al., 2018). It has a crucial importance for brain functions and it can be affected by a 

variety of pathologies. It is important to know the morphological structure of this structure, 

which is affected differently by various diseases. It has been examined using various methods 

in many diseases (Chowdhury et al., 2010). In the present study, when the right and left 

internal capsule related measurements of both groups were compared, all measurements 

except the genu angle were found to be significantly higher in migraine patients.  

The corpus callosum is the main fiber tract connecting two hemispheres with 

extensive connections and is topographically organized (Frazier and Hardan, 2009). It has 

been investigated in several neurodegenerative diseases as a marker for cortical pathology 

(Wiltshire et al., 2005). In this study, there was no significant difference in corpus callosum 

related measurements between the migraine and controls. 

There are many studies examining different brain structures conducted to investigate 

the pathophysiology of migraine. In the study performed with Voxel-Based morphometry, it 

was stated that there was no significant difference between migraine patients and controls in 

terms of white matter volume or concentration (Matharu et al., 2003). In a 9-year prospective 

study to investigate the relationship between migraine and brain structure and function, it was 

shown that only female patients had higher prevalence and deeper white matter 

hyperintensities than controls, not male patients (Palm-Meinders et al., 2012). In a study 

evaluating the risk of infarction in certain regions of the brain, it was found that infarctions in 

the cerebellum were more common in female with migraine with aura than controls, with no 
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difference between men with migraine and controls (Scher et al., 2009). One meta-analysis 

demonstrated that migraine patients were more likely having white matter abnormalities on 

MRI than controls (Swartz and Kern, 2004). 

Recent studies have shown a direct relationship between chronic strokes and white 

matter lesions in patients with migraine (Over et al., 2007). Under the age of 40, migrainous 

infarcts are estimated at 1.4-14%. According to studies, the incidence of stroke due to brain 

infarctions increases in migraine (Chang et al., 1999). Additionally, sex differences seem to 

play an important role because progression of deep white matter hyperintensities was only 

found in women. The relationship between migraine and ischemic stroke has been known for 

many years, based on the results of many studies on this subject, and migraine has been 

accepted as a risk factor for stroke (Buring et al., 1995; Longstreth et al., 1996). The brain 

damage seen in patients with migraine is related to the frequency of migraine attacks and the 

duration of the disease, and it is claimed that this damage occurs about fifteen years after the 

onset of the disease (Schmitz et al., 2008). 

Some limitations of this study should be considered when interpreting our findings. 

For example, we did not divide patients with migraine into subgroups and our sample was 

relatively small. Knowing the white matter structure in migraine patients, determining its 

prevalence, and its correlation with the severity, type and duration of migraine can give an 

idea to clinicians. In our study, the capsula interna structures were found to be more enlarged 

in patients with migraine than in normal individuals. Does this enlargement have clinical and 

diagnostic significance in patients with migraine? Can this enlargement be explained by 

inflammatory mechanisms? Actually, this is the main question to be answered. We could not 

find any study in the literature that could answer this question. Additional research is needed 

to describe in more detail the association between migraine and white matter structures.  
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