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Engineering Previous studies have indicated that lunar cycles may influence the structure and function of the central nervous system. The
lunar cycle consists of successive phases through which the Moon passes during its orbit around the Earth. The aim of this study
Vol. 11, No. 2 was to develop an automatic hybrid framework for identifying twenty anatomical landmarks of the brain ventricles in MRI images
. and to analyze their variations across lunar phases. In this study, the U-Net 3+ model with a deep supervision mechanism was
Autumn and Winter 2024 employed to train labeled images. Model optimization was performed using a combined Focal-Dice loss function to better focus on
ISSN: 2322 — 3146 hard-to-learn samples. The dataset consisted of MRI scans from eleven healthy male volunteers. Quantitative results demonstrated
. : a mean Dice coefficient 0f 0.947 and a Jaccard index of 0.91 for automatic landmark identification. Statistical analysis of ventricular
http:// jnsee.sut.ac.ir changes revealed that significant variations began in the second week of the lunar cycle (first quarter) and reached their maximum

in the third week (full moon) (p < 0.05). During the last quarter phase, these changes followed a gradual decreasing trend and
approached the values observed at the new moon. These findings suggest that the size of the lateral ventricles varies across the lunar
cycle under the influence of the Moon’s gravitational attraction, confirming the role of lunar phases in brain morphometry.
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1. Short Introduction

Recent studies suggest that lunar phases may influence brain structure and cerebrospinal fluid dynamics, motivating quantitative
analysis of ventricular morphometry. Automatic identification of anatomical landmarks in brain MRI plays a key role in reliable and
reproducible ventricular measurements. While deep learning—based segmentation methods are widely used, landmark-based
frameworks enable more precise index estimation. In this study, we propose a deep learning framework based on U-Net 3+ with
deep supervision for automatic localization of ventricular landmarks in MRI. The extracted landmarks are then used to analyze
morphometric changes of brain ventricles across different lunar phases.

2. Proposed Work

We propose an automatic landmark-based framework for ventricular morphometric analysis using brain MRI. A U-Net 3+
architecture with deep supervision is employed to localize 20 anatomical ventricular landmarks from manually annotated landmark
masks. Model performance is evaluated using overlap-based metrics and landmark localization accuracy. Experimental results
demonstrate high agreement with expert annotations and robust landmark detection. Using the extracted landmarks, ventricular
indices are computed and statistically analyzed across lunar phases, revealing significant phase-dependent morphometric variations.

3. Conclusion

This study presents a deep learning—based framework for automatic localization of ventricular anatomical landmarks from brain
MRI and subsequent morphometric analysis. The proposed approach achieved high accuracy in landmark detection and enabled
reliable computation of ventricular indices. Statistical analysis revealed notable ventricular changes across lunar phases, with peak
variations observed around the full moon. Although the results suggest a potential association between lunar cycles and brain
ventricular morphology, further large-scale and clinically diverse studies are required to confirm these findings.
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