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Brain balance changes have been recognised in migraine, but cerebellar func-
tion between or during attacks has been assessed only in a few studies. Previ-
ous studies have indicated that migraine affects cerebellar function. In the
present study we aimed to evaluate the hemicerebellar volume changes of
patients with migraine without aura (MWoA). Volumetric changes of cerebel-
lar hemispheres were evaluated in terms of asymmetry using stereological me-
thods on magnetic resonance images (MRI) retrospectively. Nineteen patients
with MWoA and 18 age- and gender-matched control subjects were included
in the study. MRIs were analysed by using the point-counting approach of
stereological methods by Cavalier’s principle. There was no statistically signifi-
cant cerebellar atrophy or hemicerebellar asymmetry between the MWoA and
control subjects. There was no cerebellar atrophy or asymmetry between the
MWoA and age-matched control group. The stereological evaluation of cere-
bellar asymmetry and atrophy in humans is important for both clinicians and
anatomists. The technique is simple, inexpensive, and reliable. (Folia Morphol
2011; 70, 4: 235–239)
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INTRODUCTION
Migraine is a common neurovascular disease that

affects 10% to 12% of the population and is typi-
cally characterised by recurrent attacks, each last-
ing 4 to 72 hours by definition. The unilateral pul-
sating pain may be intense enough to interrupt dai-
ly activities and worsens with physical activity. Nau-
sea, vomiting, and photo- and phonophobia accom-
pany the moderate to severe pain [24], a series of
different neurologicalfocal abnormalities named
aura, may occur in close association with the pain,

typically before the headache onset [10, 24]. The
International Headache Society (IHS) classifies mi-
graine headaches, among other less frequent sub-
types, as migraine with aura (MWA), or migraine
without aura (MWoA), according to the presence of
aura symptoms [12]. Balance changes and vertigo
have been recognised in migraine but cerebellar func-
tion between or during attacks was assessed only in
a few studies [24].

Ictal and interictal balance abnormalities in treat-
ment-free patients [4, 13], compromised vestibulo-
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cerebellar function in migraineurs [11], and interic-
tal subclinical cerebellar impairment expressed as
a lack of fine coordination [21] indicate that migraine
affects cerebellar function [11, 24]. Circulatory
changes may take place in the cerebellum during
migraine attacks. Following vasoconstricting anti-
migraine agent administrations, infarctions have
been described in the cerebellum, showing that this
area was probably predisposed to ischaemia as com-
pared to other regions [14, 17, 24]. In migraine,
decreased perfusion and cerebellar symptoms includ-
ing dysarthria, ataxia, and dizziness have been de-
scribed [6, 18, 24].

In the literature there are some reports on mi-
graine as a risk factor for subclinical brain lesions.
A Dutch study reported migraineurs to have a dispro-
portionately high prevalence of magnetic resonance
imaging (MRI)-documented, asymptomatic cerebel-
lar stroke. Cure and Rothrock evaluated three mi-
graineurs with prolonged status migrainosus com-
plicated by cerebellar infarction [5]. Cerebellar vo-
lume changes due to unilateral cerebral lesions which
were associated with atrophy of the contralateral
cerebellar hemisphere are not rare [1]. Some stu-
dies that include neuroradiological information such
as paraneoplastic cerebellar degeneration have
shown cerebellar atrophy [22]. The objective of this
study was to evaluate the cerebellar volume and
asymmetry in patients with migraine. The value of
this study rests in the fact that there is no study in
the literature that investigates cerebellar asymme-
try in migraine patients by adopting the stereologi-
cal technique. In order to fill in this gap, we aimed
to utilise the stereological technique to evaluate the
cerebellar volume and asymmetry in patients with
migraine and to determine the probable volumetric
atrophy and asymmetry.

MATERIAL AND METHODS

Magnetic resonance image data

Nineteen right-handed patients with migraine
without aura, diagnosed by means of IHS criteria
[12], were included in the study, retrospectively.
A group of eighteen right-handed control group
subjects was formed from attendants of the head-
ache outpatient clinic of the Department of Neu-
rology and Neurosurgery and was composed of
18 age-matched subjects whose only health prob-
lem was headache due to rhinosinusitis and ten-
sion type headache, according to the criteria of
the IHS.

The retrospective study was approved by the
Local Ethics Committee of Afyon Kocatepe Univer-
sity. According to archive file data, none of the
participants was taking medication and all were
headache-free for seven days or more at the time
of scanning. The clinical evaluation ascertained
both the personal and familial history and physi-
cal and neurological conditions of the subjects by
checking patients’ records. Patients who had a life-
time history of neurological illness, migraine with
aura, head injury, a history of any chronic medica-
tion use, substance or alcohol abuse, epilepsy,
schizophrenia, bipolar disorder, major medical ill-
nesses (including cardiac disease and diabetes)
were excluded from the study. All studies were
performed with a 1.5-T MR machine (Philips Med-
ical Systems, Netherlands).

Stereological analysis

Total cerebellar and hemicerebellar volumes com-
puted from each image were measured three times
by three observers using a stereological method. All
measurements were performed blinded to subject
details and results of any other measurements. An
optimal plan was taken as the smallest diameter of
anisotropic structures that can be measured in vo-
lumetric analysis of sagittal and axial cranial MRI sec-
tions. Original MRIs were exported as tiff image files,
which were further subjected to stereological ana-
lysis with the aid of Image-J software. A uniform
point-grid with a point-associated area of 0.625 cm2

was randomly superimposed on each MRI using the
“Grid” plug-in installed with Image-J. Points hitting
the cerebella were manually counted for volume es-
timation. Hemicerebellar volumes were also estimat-
ed using the Cavalieri’s principle of stereological
methods as described in previous studies [1, 3, 9].
Volume estimation was accomplished according to
previously defined Cavalieri’s principle [1, 8, 15] by
utilising the formula given below:

V = t ¥ [((SU) ¥ d)/SL]2 ¥ ÂP

V = t ¥ [((SU) ¥ d)/SL]2 ¥ ÂP

where, t is the section thickness, SU is the scale
unit (the real length of the scale marked on the MRIs),
d is the distance between two points in the point
grid, SL is the scale length (the actual measure of
the scale on MRIs), and P is the number of points
counted. All data have been entered into a previou-
sly-prepared Microsoft excel spreadsheet for auto-
matic calculation of the outcomes of the above for-



237

N. Gocmen-Mas et al., Hemicerebellar volume changes in migraine without aura

mula and the statistical evaluation parameters in-
cluding the nugget variance and the coefficient of
error (CE).

In order to evaluate hemispheric asymmetry be-
tween cerebellar hemispheres, middle sagittal sec-
tions were identified by clear visualisation of the
cerebral aqueduct. The point counts belonging to
the middle section were divided in two and the re-
sults were added to total point counts for each hemi-
sphere separately, and thus, a volume value for each
cerebellar hemisphere was estimated. The stereolo-
gical point counting method is demonstrated in
Figure 1. Statistical analyses were made afterwards
and the results were standardised to generate a nor-
malised database.

Statistical analysis

Distributions of the variables were analysed by
Shapiro-Wilk normality test. Homogeneity of the
groups’ variances was controlled by Levene’s test.
Group’s variances were not homogeneous, so para-
metric test assumptions were not satisfied, and dif-
ferences between left and right cerebellum volume
means of control and vertigo groups according to
sex were analysed by Wilcoxon sign test and Mann
Whitney U test. Results have been expressed as num-
ber of observations (n), mean standard deviation
(SD), and median. A p value less than 0.05 was con-
sidered as statistically significant. All statistical anal-
yses were performed with SPSS software (Statistical
Package for the Social Sciences, version 17.0, SSPS
Inc, Chicago, IL, USA).

RESULTS
According to the statistical analysis, there were

no significant differences among the subjects with
respect to age (mean age of migraine subjects:
46.26 ± 16.18 years; control subjects: 44.00 ± 16.59 years,
p = 0.677). In the migraine and control groups there
were no significant differences between the volumes
of left and right hemispheres of males (p = 0.499,
p = 0.208, respectively) and females (p = 0.530,
p = 0.799, respectively). When comparing migraine
and control groups, cerebellar hemispheric volumes re-
vealed that there were no statistically significant
differences between left hemispheres (p = 0.562)
and right hemispheres (p = 0.132) for males and
there were no statistically significant difference be-
tween left hemispheres (p = 0.510) and right hemi-
spheres (p = 0.692) for females. Mean values for
hemispheres of cerebellum volume calculated ac-
cording to stereological point counting method are
listed in Table 1.

Figure 1. A sagittal magnetic resonance scan with a superim-
posed point-counting grid for the estimation of volume.

Table 1. Mean volume values (cm3) of control and study groups’ cerebellum hemispheres according to gender in
migraine without aura

Cerebellum Control (mean ± SD) Migrain (mean ± SD)

Left hemi Right hemi Left hemi Right hemi
cerebellum cerebellum cerebellum cerebellum

Male N = 8 N = 8 N = 7 N = 7
50.995 ± 4.527 48.247 ± 4.734 53.226 ± 2.557 53.226 ± 2.557

51.289 47.105 54.200 54.200

Female N = 10 N = 10 N = 12 N = 12
49.894 ± 5.984 49.714 ± 7.281 48.754 ± 4.047 48.754 ± 4.047

51.651 48.364 49.442 49.442

p < 0.05
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DISCUSSION
Asymmetric and volumetric changes in cerebel-

lar anatomy have been an interesting subject for
researchers [3, 19]. However, there is no consensus
between authors on the cerebellar asymmetry and
volume in healthy individuals [20]. There is only the
stereological volumetric study about migraine with
aura declerated by our study group [25]. Quantita-
tive analysis of MR imaging can improve its diag-
nostic yield and has the potential to elucidate the
aetiology of disease further. However, there is am-
biguity and diversity on the definitions of volumet-
ric analysis methods of brain structures in the litera-
ture, which are frequently named as “traced”, “au-
tomatic” (atlas-based), “planimetry”, “three-dimen-
sional”, etc. Many authors claim that the automatic
method is rapid, efficient, and unbiased, and nei-
ther subject to the problems of rater drift nor con-
trained by potentially poor interpreter reliability.
However, others noted the traced measurements as
“gold standard” against the automatic method [8,
9]. Differing from previous studies, we adopted the
stereological measurement technique which was
firstly used in evaluation of cerebellar asymmetry by
Gocmen-Mas [9]. The stereological technique is sim-
ple, reliable, unbiased, and inexpensive, and the
adopted point counting approach takes less time
as well [8, 20].

During migraine attacks, circulatory changes may
take place in the cerebellum [24] and probable predis-
position to ischaemia as compared to other regions of
the brain was shown in previous studies [14]. De-
creased perfusion and cerebellar symptoms, includ-
ing dysarthria, ataxia, and dizziness, have been de-
scribed in migraine [6, 18].

Stroke in the posterior circulation has been re-
ported in migraine [14].The posterior circulation ter-
ritory, particularly the cerebellum, shows significant
increased risk for infarct-like MRI findings compared
to the remainder of the nervous system, and in the
absence of stroke history the highest risk is in mi-
graine with aura, with at least one attack per month
[16, 24]. In the population-based camera study
(n = 435), a significantly higher prevalence of white
matter hyperintense lesions and cerebellar infarct-
-like lesions was found in migraine cases, and in to-
tal 8.1% of 161 cases with migraine with aura com-
pared with 2.2% of 134 cases with migraine with-
out aura and 0.7% of 140 controls (p = 0.05) had
one or more lesion/s in the cerebellar region of the
posterior circulation territory of the brain. The per-
centage of all these lesions in the posterior circula-

tion in migraine with aura, migraine without aura,
and controls were 81, 47, and 44%, respectively, and
the majority were in vascular border zones [16, 17,
24]. Yilmaz-Kusbeci et al. [25] found no significant
differences between the volumes of cerebrum, cere-
bellum, and the ratio of cerebellum to cerebrum for
males (p = 0.05, p = 0.10, and p = 0.64, respec-
tively) and for females (p = 0.18, p = 0.89, and
p = 0.24, respectively) in migrain with aura cases.
The results suggest that patients with migraine with
aura do not have a significant difference in cerebel-
lar and cerebral volumes and cerebellar/cerebral vo-
lume ratios compared to the non-migraine group.

Migraine affects cerebellar function [21]. Cere-
bellar abnormalities (such as cerebellar atrophy,
decreased cerebellar blood flow, and cerebellar dys-
function) have also been described in several cases
of familial hemiplegic migraine [7, 23]; however,
there is no study, to our knowledge, in the litera-
ture that evaluates the asymmetrical volume changes
by using the stereological technique [9]. In our study,
we used the stereological point counting method
to evaluate the cerebellar hemispheres of patients,
and did not find cerebellar hemispheric asymmetry
or atrophy in MWoA patients.

Cavalier’s principle of stereological approaches
by point counting consists of overlaying each se-
lected section with a regular grid of test points,
which is randomly positioned [20]. Cavalier’s theo-
rem of systematic sampling in combination with
point counting is found to be a reliable, simple, in-
expensive, and efficient method for estimating vo-
lumes in MR [2].

In this study we evaluated the cerebellar asym-
metry and atrophy in migraine patients without
aura in comparison to age-matched control sub-
jects. However, we did not find cerebellar asym-
metry and atrophy. Obviously, as in all studies,
our study also has some limitations, one of the
most important of which, to our mind, is the sam-
ple sizes of our study and control groups, and we
only evaluated MWoA patients. Further studies in-
volving greater numbers of patients and involv-
ing migraine with aura and basiller migraine pa-
tients would be helpful to extend and support our
findings in this study.
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