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ABSTRACT
Objectives: We investigated the volumetric changes of the brain structures and 
trigeminal nerve diameters in cluster headache (CH) by cranial MRI.
Methods: The cranial MRI images of 30 adult patients with CH and 30 adult subjects 
with normal cranial MRI results were included. In both groups, pons, midbrain, 
thalamus, and hippocampus volumes; and trigeminal nerve diameters were measured.
Results: There were no significant differences between pons (p=0.849), midbrain 
(p=0.855), bithalamic (p=0.553Right, p=0.523Left), and hippocampus volumes 
(p=0.930Right, p=0.698Left). In CH group, trigeminal nerve diameter (2.38±0.47 mm) was 
non-significantly higher than the control group (2.29±0.44 mm) (p=0.131). In the CH 
group, left thalamus and right hippocampus volumes were significantly higher than the 
contralateral side (p<0.05). In CH group, there were positive correlations between the 
pons and thalamus (p=0.037Right and p=0.037Left) and hippocampus volumes (p=0.002Right, 
p=0.005Left); midbrain and bithalamic volumes (p=0.001Right, p=0.001Left); and right 
trigeminal nerve diameter (p=0.029); thalamus and pons(p=0.037Right, p=0.037Left); 
and midbrain volumes (p=0.001Right, p=0.001Left); right and left hippocampus volumes 
(p=0.000); right and left trigeminal nerve diameters (p=0.000). In females, right 
hippocampus volumes were smaller than those in males (r= ˗0.374, p=0.042).
Conclusion: In CH patients, left thalamus volume was higher; and left hippocampus 
volume was lower. In CH patients, the limbic system and especially left hippocampus 
may be affected and get lower in volumetric analysis. Additionally, the right thalamus is 
affected showing lower volume in CH patients. 
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INTRODUCTION
Cluster headaches (CH) are primary headache disorders and 
are considered disorders of the brain [1,2]. In CH, ipsilateral 
hypothalamic gray area activation occurs, however in migraine 

without aura, the contralateral side of the brainstem activation 
was present [3-5]. There are other neurological symptoms, such 
as sensory, homeostatic, autonomic, cognitive and emotional 
processes that can be related to headaches. These symptoms are 
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Main Points

•	 Hippocampus is located in the limbic system 

•	 The left hippocampus may be affected and get lower in 
volumetric analysis in CH patients

•	 The right thalamus is affected showing lower volume 
in CH patients

related to the modulation of specific brainstem nuclei [1].

CH patients have severe or very severe and unilateral attacks 
of pain (“orbital, supraorbital or temporal “). Attacks last 15-
180 minutes and occur from one to 8 times a day. İpsilateral 
conjunctival injection, nasal congestion, lacrimation, rhinorrhea, 
myosis, ptosis or eyelid edema, forehead and facial sweating are 
associated with the attacks; and one or more of these symptoms 
are seen [6]. CH may be episodic or chronic. In episodic form, 
“at least 2 cluster phases lasting 7 days to 1 year are separated by 
painless periods lasting at least 3 months”; and in chronic form, 
“clusters occur for a year or more without remission or occur 
with remission lasting less than 3 months” [6].

In the central and peripheral nervous system, various 
structures are involved in CH attack generation. These are 
“trigeminovascular system, parasympathetic nerve fibers 
(trigeminal autonomic) reflex and hypothalamus”. When all 
of these structures are involved, CH attacks are initiated; and 
later, processing and perception of pain cortical areas of CNS 
will be activated [7]. Hypothalamus has an important role in the 
pathophysiology of the facial pain syndromes, including CH [8].

In the present study, we investigated the volumetric changes of 
the brain structures (pons, midbrain, thalamus, hippocampus) 
in CH patients; and the trigeminal nerve was also evaluated by 
cranial MRI

MATERIAL AND METHODS
This retrospective study was conducted at Gaziantep University, 
Medical Faculty, Radiology and Neurology Departments 
and Kırıkkale University, Medical Faculty, Department of 
Otolaryngology. This study was approved by “Gaziantep 
University Clinical Researches Ethics Committee” (Decision 
Number: 2022/303, Date:28.09.2022) and conducted according 
to the Declaration of Helsinki.

Study Population and Exclusion Criteria
Patients diagnosed with cluster headache (CH) from our 
neurology clinic and a control group with similar demographic 
characteristics who underwent cranial MRI for any reason 
and met the study criteria were analyzed. A total of 60 cranial 
MRI sections were included, including 30 patients with cluster 
headaches and 30 control group subjects, taking into account 
similar studies in the literature [9,10]. Cluster headache patients 
were over 18 years of age, and diagnosed with a new episodes of 
cluster headache according to the criteria of the “International 
Classification of Headache Disorders (ICHD-3)” [11-13]. The 
mean ages of the CH group were 35.27±8.15 years (ranging from 
19 to 53 years).

The control group consisted of subjects who had retrospective 
cranial MRI examinations for any reason, met the exclusion 
criteria, and matched the same demographic characteristics as 
the cluster headache group. Both groups included those who 
had complete and appropriate cranial MRI images based on 
measurement parameters. The mean ages of the control group 
were 35.20±7.51 years (ranging from 20 to 47 years).

Similar studies in the literature were evaluated [1,14]; and the 
minimum number of individuals required to determine the 
statistically significant volume change between the groups was 
found to be 52 in total, with 26 in each group (α=0.05, 1-β=0.80), 
to conduct statistical analysis using Gpower3.1 version.

Exclusion Criteria
Those with a history of cranial trauma and surgery, intracranial 
masses, diabetes or any metabolic disease, demyelinating or 
degenerative diseases affecting cerebral structures, “previous 
medical or neurological history”, those taking any neurological 
drugs or substances, and those with “congenital and anatomical 
variations in the brain” were not included in the study.

MRI Technique and Measurements
MRI scans were conducted using a “3.0 Tesla MRI system” 
(“Ingenia, Philips Healthcare, Best, Netherlands”) with a 
cranial coil. At Gaziantep University Hospital, the standard 
cranial MRI protocol for the 3.0-T MRI system included the 
following: T1-FFE (Fast Field Echo) sequences were performed 
in the “sagittal and axial planes” with parameters of TR ms/TE 
ms; 330/20, a field of view (FOV) of 230x130 mm, and a matrix 
of 256 × 139 mm. These scans had “a slice thickness of 4 mm 
and an intersection gap of 0.5 mm”, resulting in 30-32 sagittal 



European Journal of Therapeutics (2024)  Sahan MH, Bayar Muluk N, Kocturk F.

799

and axial slices. T2-TSE (“Turbo Spin Echo”) sequences were 
performed in the coronal plane with parameters of “TR ms/TE 
ms; 4040/80”, a “FOV of 200x152 mm”, and a matrix of 288 × 
163 mm. These images had a “slice thickness of 4 mm” and “an 
intersection gap of 0.5 mm”, resulting in 34 coronal slices.

Following image processing at the workstation, measurements 
were carried out by a radiologist manually (MHŞ).

Pons Volume (cm³): The pons area was measured in each 
section from the axial T1-weighted images. The total volume 
was calculated by summing these areas and multiplying by the 
combined section thickness and intersection gap [7,15,16] (refer 
to Figure 1A, B).

Midbrain Volume (cm³): Similarly, the midbrain area was 
measured from the axial T1-weighted images. The volume was 
determined by summing these areas and multiplying by the total 
section thickness and intersection gap [1,15] (refer to Figure 2A, 

B).

Bithalamic Volume (cm³): For the bithalamic volume, the areas 
of the right and left thalami were measured from the axial T1-
weighted images. The total volume was calculated by summing 
these areas and multiplying by the combined section thickness 
and intersection gap [1,15] (refer to Figure 3A, B).

-Hippocampus volumes (cm3): After measuring the hippocampus 
areas in each section from coronal T2 weighted images, the 
sum of the areas was calculated. The volume was obtained by 
“multiplying this calculated value” by “the sum of the section 
thickness with the intersection gap” [1,14-18] (Figure 4A, B).

-Trigeminal nerve diameters (mm): The diameters of the 
trigeminal nerve was measured from the coronal T2 weighted 
images, in the cisternal region where the trigeminal nerve 
emerges from the pons, where it is most clearly seen [19-22] 
(Figure 5).

Figure 1. A- Measurement of the pons area in axial T1W images, B- Sections passing through the pons in sagittal T1W images.
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Figure 2. A- Measurement of the midbrain area in axial T1W 
images, 

B- Sections passing through the midbrain in sagittal T1W 
images

Figure 3. A- Measurement of bilateral thalamus area in axial 
T1W images, 

B- Sections passing through the thalamus in sagittal T1W 
images.
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Figure 4.A-Measurement of bilateral hippocampus area in 
coronal T2W images,

B- Sections passing through the hippocampus in sagittal T1W 
images.

Figure 5. The appearance of both trigeminal nerve in coronal 
T2W images (white arrows), measurement technique in 
magnified images.

Statistical Analysis
Data analysis for this study was performed using SPSS for 
Windows version 21.0 (“SPSS, INC, an IBM Company, 
Chicago, Illinois”). Initially, the Kolmogorov-Smirnov test was 
applied. Non-parametric tests were conducted if the p-value was 
< 0.05, while parametric tests were used if the p-value was > 
0.05. The statistical methods employed included the “Chi-square 
test, independent samples t-test, paired samples t-test, Pearson 
correlation, and Spearman’s rank correlation coefficient”. A 
p-value of less than 0.05 was deemed statistically significant.

RESULTS
In the cluster headache (CH) group, there were 13 males (43.3%) 
and 17 females (56.7%). The control group comprised 12 males 
(40.0%) and 18 females (60.0%), with no significant gender 
distribution differences between the two groups (p=0.793, 
χ2=0.069). Age differences between the groups were not 
significant (p>0.05) (Table 1).

Pons, Midbrain, Bithalamic, and Hippocampus Volumes
Measurements for pons, midbrain, bithalamic, and hippocampus 
volumes in both the CH and control groups are shown in Table 
1 and Figure 6.



European Journal of Therapeutics (2024)  Sahan MH, Bayar Muluk N, Kocturk F.

802

Figure 6. Measurement results for pons, midbrain, bithalamic, and hippocampus volumes in both the CH and control groups

Table 1. Measurement results in the cluster headache and control groups

Group 1 (Cluster headache)
(n=30)

Group 2 (Control group)
 (n=30) P*

Median Std.Dev. Mean Median Std.Dev. Mean
Age 35.27 37.00 8.15 35.20 36.00 7.51 0.974

Measurement results

Pons volume (cm3) 9.64 9.70 1.64 9.57 9.20 1.46 0.849

Midbrain volume (cm3) 6.29 6.27 1.40 6.36 6.05 1.39 0.855

Thalamus volume (cm3) R 6.03 5.63 1.33 6.22 5.93 1.07 0.553

L 6.07 5.70 1.35 6.28 6.12 1.11 0.523

P** 0.027 0.124

Hippocampus volume 
(cm3)

R 4.02 3.97 0.68 4.04 4.25 0.88 0.930

L 3.87 3.75 0.66 3.95 4.15 0.86 0.698

P** 0.019 0.045

Trigeminal nerve diameter 
(mm)

R 2.45 2.45 0.54 2.34 2.30 0.46 0.407

L 2.38 2.42 0.47 2.29 2.31 0.44 0.447

P** 0.131 0.273

*p value shows the results of independent samples t-test
**p value shows the results of paired samples t-test
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No significant differences were found between the pons 
(p=0.849), midbrain (p=0.855), bithalamic (p=0.553Right, 
p=0.523Left), and hippocampus volumes (p=0.930Right, p=0.698Left) 
of the CH and control groups. Within the CH group, the volume 
of the left thalamus was notably greater than that of the right 
thalamus (p=0.027) (see Table 1). In both the CH (p=0.019) and 
control (p=0.045) groups, the right hippocampus volume was 
significantly larger compared to the left hippocampus volume 
(Table 1).

Trigeminal Nerve Diameters
Trigeminal nerve diameters did not show significant differences 
between the CH and control groups (p=0.407Right, p=0.447Left). 

Moreover, there were no significant differences in the diameters 
of the right and left trigeminal nerves within either group (Table 
1).

Correlation Test Results in CH Group
Correlation analysis results for the CH group are provided in 
Table 2.

In the CH group, left thalamus and right hippocampus volumes 
were significantly higher than the contralateral side (p<0.05). 
In CH group, there were positive correlations between the pons 
and thalamus (p=0.037Right and p=0.037Left) and hippocampus 

Table 2.  Correlation test results in the cluster headache group

Pons
Volume

(cm3)

Midbrain
volume 
(cm3)

Thalamus
volume (cm3)

Hippocampus 
volume (cm3)

Trigeminal 
nerve diameter 

(mm)
R L R L R L

Pons volume (cm3) r 0.124 0.382 0.383 0.549 0.501 0.064 0.132

P* 0.515 0.037 0.037 0.002 0.005 0.735 0.487

Midbrain volume (cm3) r 0.124 0.582 0.588 -0.016 -0.022 0.399 0.355

P* 0.515 0.001 0.001 0.933 0.909 0.029 0.054

Thalamus volume 
(cm3)

R
r 0.382 0.582 0.998 0.266 0.212 0.246 0.273

P* 0.037 0.001 0.000 0.155 0.260 0.191 0.144

L
r 0.383 0.588 0.998 0.277 0.217 0.258 0.277

P* 0.037 0.001 0.000 0.138 0.249 0.168 0.138

Hippocampus volume 
(cm3)

R
r 0.549 -0.016 0.266 0.277 0.878 0.190 0.176

P* 0.002 0.933 0.155 0.138 0.000 0.316 0.352

L
r 0.501 -0.022 0.212 0.217 0.878 0.168 0.191

P* 0.005 0.909 0.260 0.249 0.000 0.375 0.312

Trigeminal nerve 
diameter (mm)

R
r 0.064 0.399 0.246 0.258 0.190 0.168 0.879

P* 0.735 0.029 0.191 0.168 0.316 0.375 0.000

L
r 0.132 0.355 0.273 0.277 0.176 0.191 0.879

P* 0.487 0.054 0.144 0.138 0.352 0.312 0.000

Age
r 0.061 0.196 0.018 0.032 -0.096 -0.203 -0.025 -0.066

P* 0.747 0.299 0.924 0.866 0.613 0.281 0.896 0.730

Gender
(Code 1: Male, Code 2: Female)

r -0.058 -0.214 -0.222 -0.229 -0.374 -0.265 -0.238 -0.070

P** 0.759 0.256 0.238 0.223 0.042 0.158 0.206 0.713

* p value shows the results of Pearson correlation test
** p value shows the results of Spearman’s correlation rho efficient test
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volumes (p=0.002Right, p=0.005Left); midbrain and bithalamic 
volumes (p=0.001Right, p=0.001Left); and right trigeminal nerve 
diameter (p=0.029); thalamus and pons(p=0.037Right, p=0.037Left); 
and midbrain volumes (p=0.001Right, p=0.001Left); right and left 
hippocampus volumes (p=0.000); right and left trigeminal nerve 
diameters (p=0.000). In females, right hippocampus volumes 
were smaller than those in males (r= ˗0.374, p=0.042) (Table 2).

DISCUSSION
CH is a primary headache disorder marked by intense, unilateral 
pain and accompanying “ipsilateral autonomic symptoms”, 
falling under the category of trigeminal autonomic cephalalgias. 
It includes conditions such as “paroxysmal hemicrania, acute 
unilateral neuralgic headaches, and hemicranial continua”, 
all contributing to the “trigeminal autonomic cephalalgia 
spectrum” [23]. CH affects less than 1% of the population and 
is more commonly observed in men [24,25]. The onset typically 
occurs between the ages of 20 and 40 years [24,25].

Several factors can trigger CH attacks. For instance, 
“subcutaneous histamine injections” induce attacks in 69% of 
patients. Other potential triggers include “seasonal changes, 
allergens, stress, or nitroglycerin”. Alcohol may provoke attacks 
during a cluster period but not during remission. Approximately 
50% of patients consume alcohol, and “80%” are heavy smokers 
[6]. Vascular changes, such as “extracranial temporal artery 
dilation” following the onset of pain, may be secondary to 
primary neuronal discharge [6].

Our findings indicated no significant differences in the volumes 
of the “pons, midbrain, bithalamic regions, or hippocampus” 
between the CH and control groups. Although there were no 
significant differences in trigeminal nerve diameters between 
the CH and control groups, the CH group exhibited a slightly 
larger average diameter (2.38±0.47 mm) compared to the control 
group (2.29±0.44 mm). A larger sample size might reveal more 
significant differences. In the CH group, female subjects had 
smaller right hippocampus volumes compared to males.

The exact pathophysiology of CH remains unclear (26,27). The 
cyclical nature of attacks suggests a disruption in biological 
rhythms, potentially involving central disinhibition of 
“nociceptive and autonomic pathways”, especially within the 
trigeminal system controlled by the hypothalamus [28]. Our 
study’s observation of a slightly increased trigeminal nerve 
diameter in CH patients may indicate an influence on the 

trigeminal pathways.

Cluster headaches typically follow a circadian and seasonal 
pattern, with frequent night-time attacks. This pattern suggests 
a significant role of the hypothalamus in the condition’s 
pathophysiology. The daily attack cycle tends to last about an 
hour in men, indicating possible “gender-specific functional 
differences” in the hypothalamus [7,29].

Lee, et al [30] compared the “limbic structures” and covariance 
network in CH patients and healthy controls. Volumetric analysis 
of the “subcortical limbic structures” (“the hippocampus, 
amygdala, thalamus, mammillary body, hypothalamus, basal 
forebrain, septal nuclei, fornix, and nucleus accumbens”) was 
performed. Patients with cluster headaches showed significant 
alterations in the “limbic covariance network”. They found 
that the left hippocampus volume of the CH patients was lower 
than the control group [30]. In the present study, no significant 
differences were detected between hippocampus volumes of 
the CH and control group. However, in the CH group, the left 
hippocampus volume was significantly lower than the right 
hippocampus volume.

“Functional imaging with PET” shows ipsilateral hypothalamus 
activation during CH attacks [23]. Long-term “high-frequency 
electrical stimulation of the posterior hypothalamus with an 
implanted electrode” may relieve the symptoms of this disorder 
[4,31,32].

In the MRI-diffusion study of Király et al. [33], the size of 
subcortical structures (“caudate, putamen, and thalamus”) and 
diffusion parameters were normal in controls. However “right 
amygdala’s mean fractional anisotropy, right caudate nucleus’ 
mean axial diffusivity parallel (AD) and diffusion values, 
and right pallidum’s radial diffusion (RD) were higher in CH 
patients. The mean anisotropy of the right pallidum was lower in 
the CH group. Positive correlations were observed between left 
and right hippocampus volumes, as well as negative correlations 
between headache days and certain brain metrics such as AD 
values of the thalamus and mean diffusivity and RD values of 
the left hippocampus [33]. In the present study, the volume of 
the left thalamus was significantly greater compared to the right, 
while the volume of the left hippocampus was notably smaller 
than the right. Additionally, positive correlations were observed 
between the volumes of the pons, thalamus, and hippocampus; 
between the midbrain, bithalamic volumes, and the right 
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trigeminal nerve diameter; and between the volumes of the right 
and left hippocampus. These findings are consistent with those 
reported by Király et al. [33].

PET studies [3] have shown activation in the “ipsilateral inferior 
hypothalamic gray matter” during CH attacks, with “voxel-
based morphometry” revealing structural abnormalities in 
this area [34]. Other research suggests that trigeminal nerve 
stimulation does not directly activate the hypothalamus [35], 
which supports the hypothesis that the hypothalamus plays a 
causative role in CH [7]. Dysfunctional interactions between 
pain matrix brain regions may lead to disinhibition of the 
“hypothalamic-trigeminal pathway”, triggering CH attacks. 
Ipsilateral parasympathetic symptoms might be due to direct 
hypothalamic effects or peripheral stimulation via “the superior 
salivatory nucleus (SSN) parasympathetic efferents” [36,37].

Limitations
The limitations of our work are listed as the followings: (1) The 
most important limitation in our study is that we have performed 
manual volumetric analysis; and did not evaluate inter/intra-
observer variability. To reduce this limitation, extensive studies 
have been conducted using empirical guidelines for determining 
anatomical boundaries. Automated volumetric analysis tools 
can be used in the future studies. (2) Lack of standardization in 
the measurements and the absence of normative data that would 
allow the physician to interpret bio-benchmark values in patient 
care. (3) Since the study is retrospective, the MRI sections 
include routine cranial MRI slices. It does not include sections 
with different MRI sequences specific to measurements.

CONCLUSION
As a conclusion, in CH patients left thalamus volume was 
higher; and left hippocampus volume was lower compared to the 
other side. No differences were found compared to the control 
group. There were positive correlations between pons, thalamus, 
midbrain and hippocampus volumes; and trigeminal nerve 
diameters. In CH patients, the limbic system and especially the 
left hippocampus may be affected and get lower in volumetric 
analysis. Additionally, the right thalamus is affected showing 
lower volume in CH patients. 
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