Original Article

Ann Med Res 2026;33(2):67-72

Current issue list available at Ann Med Res

Annals of Medical Research

journal page: annalsmedres.org

Ann Med Res

ANNALS OF
MEDICAL RESEARCH

Volumetric MRI analysis of the pineal gland and brain ventricles in patients

with migraine

Ahmet Payas >©* Hamit Aksoy @ , Sule Goktiirk ©© , Yasin Goktiirk ©© , Hasan Yildirim ¢© ,

Hikmet Kocaman &

2Amasya University, Faculty of Medicine, Department of Anatomy, Amasya, Tiirkiye

bHitit University, Vocational School of Sungurlu, Computer Technologies Department, Gorum, Tiirkiye

¢Kayseri City Training and Research Hospital, Department of Neurosurgery, Kayseri, Tiirkiye

9IKaramanoglu Mehmetbey University, Kamil Ozdag Faculty of Science, Department of Data Science and Analytics, Karaman, Tiirkiye
€Karamanoglu Mehmetbey University, Faculty of Health Sciences, Department of Physiotherapy and Rehabilitation, Karaman, Tiirkiye

*Corresponding author: fizyopayass@gmail.com (Ahmet Payas)

B MAIN POINTS B ABSTRACT

Individuals with migraine have sig-
nificantly smaller pineal gland and
cerebral ventricle volumes com-
pared to healthy controls.

A smaller pineal gland volume may
indicate reduced melatonin produc-
tion capacity, potentially contribut-
ing to migraine pathophysiology.
The reduction in third ventricle vol-
ume may be associated with in-
creased intracranial pressure and
decreased CSF-mediated melatonin
transport.

The study demonstrates that mi-
graine is associated not only with
functional but also with microstruc-
tural brain alterations.

Aim: Previous studies have reported reduced melatonin levels and elevated cerebrospinal fluid
(CSF) pressure in patients with migraine. However, the volumetric characteristics of the pineal
gland, which is the primary source of melatonin, and the brain ventricles, which serve as CSF
reservoirs, have not been sufficiently investigated. This study analyzed the volumes of the pineal
gland and brain ventricles in migraine patients.

Materials and Methods: The study included 21 migraine patients and 22 age- and sex-matched
healthy controls. Brain volumetric analyses were performed using high-resolution magnetic res-
onance imaging (MRI). Pineal gland volumes were manually segmented and measured using
ITK-SNAP software, while ventricular volumes were automatically computed using volBrain soft-
ware. All volumetric measurements were expressed in cubic centimeters (cm?).

Results: The groups were comparable in terms of age (p=0.730), gender (p=0.420), and body
mass index (p=0.082). Pineal gland volume was significantly reduced in the migraine group. An
ANCOVA controlling for total intracranial volume confirmed this significant reduction (F(1, 39) =
34.95, p<0.001, partial 2 = 0.473). Likewise, ventricular volumes were significantly smaller in
migraine patients (p<0.001).

Conclusion: These findings indicate that the reduction in pineal gland volume in migraine pa-
tients occurs independently of overall brain size, pointing to a specific structural change relevant
to the underlying pathology of the disease.

Keywords: Pineal gland, Cerebral ventricles, Migraine, Headache

Cite this article as: Payas A, Aksoy H, pacaived: Aug 19,2025 Accepted: Nov 04,2025 Available Online: Feb 25, 2026

Goktiirk S, Goktiirk Y, Yildinm H, Kocaman
H. Volumetric MRI analysis of the pineal
gland and brain ventricles in patients with
migraine. Ann Med Res. 2026;33(2):67--72.
doi: 10.5455/annalsmedres.2025.08.230.

@@@ Copyright © 2026 The author(s) - Available online at annalsmedres.org. This is an Open
Access article distributed under the terms of Creative Commons Attribution-NonCommercial-
A ME  NoDerivatives 4.0 International License.

B INTRODUCTION

Migraine is a neurological disorder that affects approximately
15% of the global population and may occur at any age [1].
Itis more prevalent among women and individuals under the
age of 50, tends to follow a chronic course, and typically lasts
between 4 hours and 3 days [2,3]. Migraine manifests primar-
ily as a headache and is frequently accompanied by symptoms
such as photophobia, phonophobia, nausea, or vomiting [1].

Despite the considerable individual and societal burden of mi-

graine, its pathophysiology remains incompletely understood.
While various theories have been proposed, neuroimaging
studies have consistently revealed both structural and func-
tional alterations in the brains of individuals with migraine
[4,5,6]. Among these findings, the observation of reduced
melatonin levels and elevated cerebrospinal fluid (CSF) pres-
sure in migraine patients has drawn increasing attention.

The pineal gland, located above the thalamus, is responsi-
ble for the secretion of several hormones, most notably mela-
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tonin [7]. Melatonin, one of the most potent natural antiox-
idants, can readily cross cellular membranes to neutralize re-
active oxygen and nitrogen species, thereby reducing oxida-
tive stress [8].

plays a role in the pathophysiology of both primary and sec-

Emerging evidence suggests that melatonin

ondary headache disorders [9,10,11], and studies have consis-
tently reported lower melatonin levels in individuals with mi-
graine [8].

Melatonin secretion has been shown to be positively corre-
lated with the volume of the pineal gland, and inter-individual
differences in this volume may influence circulating mela-
tonin levels [12,13]. Additionally, the cerebral ventricles—
cavities within the central nervous system—are responsible
for the production and circulation of CSF [14]. Several stud-
ies have suggested a potential link between ventricular sys-
tem morphology and migraine pathophysiology, particularly
regarding CSF dynamics [15,16]. Furthermore, it has been
demonstrated that a large portion of melatonin secreted by
the pineal gland enters the third ventricle directly through the
pineal recess, suggesting that the ventricular system may be in-
directly influenced by melatonin levels [17,18].

Although various theories exist regarding migraine pathogen-
esis, volumetric studies focusing on the pineal gland and cere-
bral ventricles remain limited. Given the evidence of low
melatonin levels and increased CSF pressure in individuals
with migraine, investigating the structural characteristics of
these regions is warranted. Therefore, the aim of this study
was to examine possible volumetric differences in the pineal
gland and cerebral ventricles between migraine patients and
healthy controls using magnetic resonance imaging (MRI).

E MATERIALS AND METHODS
Study design and ethical considerations

This a cross-sectional cohort study conducted in a single cen-
ter and adhered to the Declaration of Helsinki for scientific
and ethical conduct in scientific research. Written informed
consent was obtained from the participants. The study was
approved by the institutional review board on February 28,
2024 (Institutional Review Board of Hitit University, Deci-
sion No. 2024-04).

Study groups

The study included a Migraine Group of 21 patients (15 fe-
males, 6 males) and a Control Group of 22 healthy, asymp-
tomatic individuals (18 females, 4 males).

Inclusion and exclusion criteria

Migraine patients were selected based on the International
Headache Society diagnostic criteria for migraine without
aura. These criteria included: (I) headache attacks lasting
4-72 hours (untreated or unsuccessfully treated); (II) uni-
lateral, pulsating pain of moderate to severe intensity; (III)
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aggravation by routine physical activity; (IV) associated nau-
sea/vomiting or photophobia/phonophobia; and (V) the ab-

sence of other underlying diseases.

General inclusion criteria for all participants required that
they be between 18 and 65 years of age, have a normal neu-
rological examination, and show no lesions or anomalies on
brain MRI. Participants were required to have no systemic dis-
eases affecting the autonomic nervous system, no history of
alcohol or substance abuse in the last five years, and no regu-
lar medication use for at least one month prior to the study.
Individuals with neurodegenerative diseases, congenital brain
anomalies, or a history of head trauma were excluded.

Image acquisition

Radiological evaluation of brain structures and the pineal
gland was performed using a 3-Tesla MRI scanner (Magne-
tom Skyra, Siemens). The pineal gland was localized by iden-
tifying the corpus callosum, superior colliculus, third ventri-
cle (ventriculus tertius), and quadrigeminal cistern. A T1-
weighted MPR AGE sequence was acquired with the follow-
ing parameters: sagittal plane, slice thickness = 1 mm, flip an-
gle = 9°, voxel size = 1 x 1 x 1 mm, repetition time (TR) =
2300 ms, field of view (FOV) = 250 x 250 mm?, echo time
(TE) = 3.4 ms, and matrix = 256 x 256.

Pineal gland volumetry

Pineal gland volumes were measured using ITK-SNAP soft-
ware (Insight Segmentation and Registration Tool Kit). Man-
ual segmentation was performed to ensure accuracy. Brain
MRI data in DICOM format were imported into ITK-
SNAP, and the boundaries of the pineal gland were delineated
in the coronal, sagittal, and axial planes. Using the ’Active La-
bel’ and "Interpolate Labels’ tools, the gland boundaries were
traced across all relevant slices. Upon completion of the seg-
mentation, the software automatically calculated the pineal
gland volume in cubic centimeters (cm’) (Figure 1).

Figure 1. Pineal gland image reconstructed in ITK-SNAP program.

Brain ventricular volumetry

Brain ventricular volumes were calculated using the auto-
mated cloud-based volumetry system, volBrain (https://vol-
brain.upv.es). T1-weighted images were first converted from
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DICOM to NIfTT format using dem2niigui software and
compressed into .zip archives. The data were then uploaded
to the volBrain server. The ’vol2Brain’ pipeline was selected,
and participant demographic data (age and sex) were entered
into the system. The server processed the data and generated a
report detailing the volumetric information of the brain ven-
tricles (Figure 2).

Figure 2. Brain ventricle images reconstructed in volBrain program.

Statistical analysis

Statistical analyses were conducted using IBM SPSS Statistics
(Version 22.0; IBM Corp., Armonk, NY, USA), R (Version
4.4.3), and JASP (Version 0.19.3). Continuous variables were
expressed as mean and standard deviation (Mean + SD), while
categorical data were presented as frequencies (n) and percent-
ages (%). Group comparisons for baseline characteristics were
performed using the independent samples t-test for continu-
ous variables and the Pearson chi-squared test for categorical
variables.

To assess differences in pineal gland volume between migraine
patients and healthy controls while accounting for variations
in overall brain size, Analysis of Covariance (ANCOVA) was
employed. Total intracranial cavity volume was included as a
covariate to isolate the effect of group status. Model assump-
tions were rigorously verified: linearity was assessed via scat-
terplots; homogeneity of regression slopes was confirmed by
the non-significant interaction between Group and Intracra-
nial Cavity; normality of residuals was checked using Q-Q
plots and the Shapiro-Wilk test; and homogeneity of variance
was assessed using Levene’s test.

A post-hoc power analysis was conducted using G*Power
(version 3.1.9.7) to evaluate sample size adequacy. The anal-
ysis indicated a high statistical power (1-3 = 0.99) to detect
the observed effect size [f = 0.94] at o= 0.05. Statistical signif-
icance was defined as p<0.05.

B RESULTS
Demographics and initial comparisons

Table 1 summarizes the demographic characteristics and ini-
tial volumetric measurements. There were no statistically sig-
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nificant differences between the groups regarding gender dis-
tribution (p=.420), mean age (t(41) = -0.35, p=.730), or Body
Mass Index (t(41) = -1.78, p=.082), confirming the compara-
bility of the two cohorts.

Volumetric analysis

Volumetric comparisons, summarized in Table 2, revealed dis-
tinct structural differences. The migraine group exhibited a
significantly smaller pineal gland volume, which was approx-
imately 23% smaller than that of the control group (p<.001).
A consistent reduction was also observed across the ventricu-
lar system; volumes of the lateral ventricle (p<.001), third ven-
tricle (p<.001), and fourth ventricle (p=.005) were all signifi-
cantly smaller in migraine patients. Conversely, while the to-
tal volumes of Grey Matter, White Matter, and the overall In-
tracranial Cavity were slightly smaller in the migraine group,
these differences were not statistically significant (p=.961 and
p=.791, respectively). This indicates that the observed vol-
umetric reductions are specific to the pineal-ventricular sys-
tem rather than a consequence of global differences in brain
or head size.

Results of ANCOVA

As detailed in Table 3, Analysis of Covariance (ANCOVA)
was performed to determine if the difference in pineal gland
volume persisted after accounting for intracranial cavity vol-
ume (ICV). Prior to analysis, all assumptions were verified.
The assumption of homogeneity of regression slopes was met,
as the interaction between group status and ICV was not
statistically significant (F(1, 39) = 0.237, p=.629, partial n*
=.006), confirming that the relationship between ICV and
pineal volume was consistent across groups. Levene’s test for
homogeneity of error variances was also non-significant (F(1,
41) = 0.351, p=.557). Additionally, standardized residuals
were normally distributed with no significant outliers.

After adjusting for ICV, the ANCOVA revealed a significant
main effect of group status (F(1, 39) = 34.95, p<.001). The
effect size was large (partial n” = .473), indicating that 47.3% of
the variance in pineal gland volume was attributable to group
differences after controlling for brain size.

Analysis of means

Unadjusted descriptive statistics showed a mean pineal gland
volume of 0.20 cm® (SD=0.03) for the migraine group and
0.26 cm’ (SD=0.04) for the control group. After controlling
for ICV, the adjusted means (estimated marginal means) re-
mained 0.20 cm® and 0.26 cm’, respectively. Pairwise com-
parisons confirmed that the control group had a significantly
larger pineal gland volume, with a mean difference of 0.058
cm® (95% CI: 0.038 to 0.078, p<.001). The minimal differ-
ence between unadjusted and adjusted means suggests that
the reduction in pineal volume in migraine patients is a robust
finding, independent of intracranial cavity volume.
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Table 1. Descriptive statistics of the participants.
Migraine group Control group
(n=21) (n=22) Sig. (p)
(MeantSD) (MeantSD)
Gender F/M (F% / M%) 15/6 (71.43% / 28.57%) 18/4 (81.2582% / 18.18%) 0.420
Age (years) 37.8616.75 38.5546.22 0.7302
BMI 26.42+1.64 27.4812.25 0.082°
SD: Standard deviation, BMI: Body mass index, *: t-test, b, Welch t-test.
Table 2. Comparison of pineal gland and brain ventricle volume data between groups.
Migraine group Control group
(n=21) (n=22) Sig. (p)
(MeantSD) (Mean1SD)

Pineal gland volume (cm3) 0.200.018 0.2610.036 p<0.0012
Lateral ventricle volume (cm3) 7.65+2.39 15.6316.80 p<0.001°
Third ventricle volume (cm3) 0.7610.33 1.3210.55 p<0.001°
Fourth ventricle volume (cm?) 1.1240.511 1.52+0.37 0.0052
Grey and White Matter (cm?) 1135.98496.07 1136.55+100.54 0.961°
Intracranial Cavity (cm?) 1306.99+86.26 1313.27196.99 0.7912
SD: Standard deviation, ?: t-test, °: Welch t-test.
Table 3. Analysis of Covariance (ANCOVA) for the effects of group and intracranial cavity volume on pineal gland volume.
Source SS df MS F Sig. (p)° n?
ANCOVA Model
Group (Main Effect) 0.036 1 0.036 34.951 <0.001 0.473
Intracranial Cavity (Covariate) 0.001 1 0.001 0.750 0.392 0.019
Assumption Test
Group x Intracranial Cavity 0.00025 1 0.00025 0.237 0.629 0.006
Error 0.040 39 0.001

SS: Sum of Squares, MS: Mean Square, Model R Squared = 0,478 (Adjusted R Squared = 0.438), ©: Analysis of covariance test. Note. The main effect of Group is

interpreted as the interaction term was not significant.

E DISCUSSION

This study demonstrated that individuals with migraine have
significantly smaller pineal gland and cerebral ventricle vol-
umes compared to healthy controls. These findings may be
associated with the reduced melatonin levels and increased in-
tracranial pressure frequently observed in migraine patients.
Although multiple theories have been proposed regarding the
pathophysiology of migraine, the role of reduced melatonin
levels has recently attracted significant attention [19,6].

Located above the thalamus, the pineal gland plays a key role
in regulating the body’s physiological and circadian rhythms
[8]. In addition to glial cells, the pineal gland contains en-
docrine cells known as pinealocytes, which are of photore-
ceptor origin and are responsible for synthesizing hormones,
particularly melatonin [20]. Melatonin is one of the most
potent natural antioxidants, capable of easily diffusing across
cell membranes to neutralize reactive oxygen and nitrogen
species [8].

The pineal gland’s involvement in migraine is supported by
studies demonstrating that melatonin supplementation re-
duces headache frequency and intensity [9,10,11]. In an ex-

perimental study, Tanuri et al. (2009) showed that rats sub-
jected to pinealectomy exhibited increased c-fos positive cells
associated with pain, and that melatonin administration sig-
nificantly reduced the number of these cells [21]. Other ani-
mal studies have reported that melatonin modulates pain by
reducing neuroinflammation [22,23].

Previous research has consistently shown that individuals
with migraine tend to have lower melatonin levels [8,9,10,11].
These biochemical differences may be linked to the structural
characteristics of the pineal gland, as melatonin secretion has
been found to correlate with pineal volume [12,24]. Studies
suggest that in healthy adults aged 25-65, the average pineal
volume ranges between 0.22-0.24 cm”® [25,26]. In the present
study, the average pineal volume was 0.24 cm’ in the control
group compared to 0.19 cm”® in the migraine group. This re-
duction in volume may reflect a diminished capacity for mela-
tonin production, potentially contributing to the low mela-
tonin levels reported in this population.

The cerebral ventricles—cavities within the central nervous
system—play a crucial role in the production and circulation

of cerebrospinal fluid (CSF) [14]. Beyond providing mecha-
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nical protection, the ventricles help maintain brain homeosta-
sis by clearing metabolic waste and regulating CSF composi-
tion. Several studies suggest a potential link between CSF dy-
namics and migraine pathophysiology [15,16]. For instance,
Chen et al. found a reduction in fourth ventricle volume in
individuals with episodic migraine. Although we did not di-
rectly measure CSF pressure, alterations in ventricular volume
may indirectly reflect changes in intracranial pressure [27].

While some studies have reported that longer migraine du-
ration is associated with increased CSF volumes in the lat-
eral and third ventricles, hinting at intracranial hypertension,
our findings differ. Notably, although migraine and idio-
pathic intracranial hypertension share common risk factors,
their pathophysiological mechanisms are distinct [15,16].

In our study, the reduced ventricular volumes observed in
migraine patients may indicate restricted physical space for
CSF, potentially leading to increased CSF pressure despite the
smaller volume. The third ventricle is particularly significant
in this context. The pineal gland, situated just above the roof
of the third ventricle, secretes melatonin directly into the CSF
via the pineal recess [28,29]. Consequently, melatonin con-
centrations in the ventricular system may be higher than in
peripheral blood. CSF-delivered melatonin may suppress the
activity of the trigeminovascular system, a key pathway in mi-
graine pathogenesis [30,31]. Trigeminal neurons, similar to
visceral sensory neurons, innervate the meninges and are di-
rectly involved in pain transmission [12,29,32]. In this study,
the third ventricle volume in migraine patients was approx-
imately 44% smaller than in controls. This reduction, com-
bined with decreased pineal volume, may result in lower lo-
cal melatonin concentrations and subsequent disinhibition of
the trigeminovascular system, contributing to headache sever-
ity.

The cross-sectional design of the present study precludes es-
tablishing a causal relationship between reduced pineal gland
volume and migraine. It remains uncertain whether the ob-
served volumetric reduction represents a predisposing struc-
tural vulnerability contributing to migraine onset or a sec-
ondary adaptation resulting from the chronic course of the
disorder. Previous neuroimaging studies have shown that
prolonged pain exposure and recurrent nociceptive activa-
tion can induce microstructural and volumetric alterations
in brain regions associated with pain modulation and cir-
cadian regulation [33,34]. Similarly, long-term alterations
in melatonin secretion secondary to repeated attacks could
lead to pineal gland remodeling or atrophy over time [8,28].
Therefore, the reduced pineal volume observed here likely re-
flects a complex interaction between predisposing neuroen-
docrine dysregulation and chronic disease-related neuroplas-
ticity. Longitudinal studies integrating volumetric, biochem-
ical, and clinical data are required to disentangle this bidirec-
tional relationship.

Neuroimaging has previously revealed functional and mi-
crostructural alterations in migraine patients, particularly in
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pain processing regions such as the brainstem, hypothalamus,
basal ganglia, and cerebral cortex [27,33,34]. The present
study suggests that the pineal gland and cerebral ventricles
should be added to the list of structures undergoing mi-
crostructural changes in the migraine brain.

Limitations

This study has several limitations. First, only patients with
migraine without aura were included; future studies should
examine different migraine subtypes. Second, the sample size
was relatively small; however, a post-hoc analysis indicated
sufficient statistical power for the main outcome. Third, al-
though we attempted to control for confounding variables,
factors such as lifestyle, medication use, and genetic predispo-
sition were not comprehensively analyzed. Lastly, the study
relied solely on volumetric MRI data; integrating functional
imaging and biochemical markers would provide a more com-
prehensive understanding of structural-functional correla-
tions. Addressing these limitations in future research will
strengthen the clinical implications of these findings.

§ CONCLUSION

These findings demonstrate that individuals with migraine
have significantly smaller pineal gland and cerebral ventricle
volumes compared to healthy controls. Notably, the reduc-
tion in pineal gland volume appears to be independent of
overall brain size, suggesting a specific structural alteration
in the migraine brain that may contribute to the underlying

pathophysiology of the disorder.
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