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ABSTRACT 

The Circle of Willis represents a critical arterial anastomotic system at the base 

of the brain, ensuring collateral cerebral circulation. Anatomical variations of this 

structure are common and may significantly influence cerebral hemodynamics, 

particularly in patients with cerebrovascular disorders. The present study aimed to 

analyze morphological variations of the Circle of Willis and assess their potential 

clinical implications. 

A morphological assessment was conducted using anatomical specimens and 

radiological data. Variations in arterial configuration, symmetry, and vessel diameter 

were analyzed. Particular attention was paid to hypoplasia, aplasia, and asymmetry of 

the communicating arteries. 

The findings demonstrate considerable variability in the classical configuration of 

the Circle of Willis. Complete symmetry was observed less frequently than variant 

forms. Hypoplasia of the posterior communicating artery and anterior communicating 

artery asymmetry were among the most common findings. These variations may 

compromise collateral circulation and increase susceptibility to ischemic events. 

Understanding anatomical variability of the Circle of Willis is essential for 

neurosurgical planning, stroke risk assessment, and interpretation of neuroimaging 

studies. 
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INTRODUCTION 

The Circle of Willis is a polygonal arterial network located at the base of the brain, 

connecting the internal carotid and vertebrobasilar systems. It plays a fundamental role 

in maintaining cerebral perfusion through collateral circulation. In cases of arterial 

stenosis or occlusion, this structure allows redistribution of blood flow, thereby 

reducing the risk of ischemic damage. Although traditionally described as a 

symmetrical and complete arterial ring, numerous anatomical studies have 

demonstrated significant variability in its configuration. Variations may include 

hypoplasia, aplasia, duplication, or asymmetry of the anterior and posterior 

communicating arteries. Such deviations from the classical pattern can influence 

cerebral hemodynamics and predispose individuals to cerebrovascular pathologies, 

including ischemic stroke and aneurysm formation. 

Despite extensive clinical interest, population-based morphological data remain 

relevant, particularly in regions where anatomical variability has not been sufficiently 

documented. Therefore, detailed anatomical evaluation of the Circle of Willis 

continues to be of both theoretical and practical importance. 

AIM OF THE STUDY 

To investigate anatomical variations of the Circle of Willis and determine their 

clinical significance in relation to cerebrovascular disorders. 

MATERIALS AND METHODS 

The study was conducted using anatomical specimens and radiological imaging 

data. Morphological evaluation focused on the configuration of the anterior cerebral 

arteries, anterior communicating artery, posterior cerebral arteries, and posterior 

communicating arteries. Measurements of vessel diameter were performed using 

standard morphometric techniques. Variations were classified according to the 
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completeness of the arterial circle and the presence of hypoplastic or aplastic segments. 

Symmetry between right and left components was also assessed. 

Descriptive statistical analysis was applied to determine the frequency of each 

variation pattern. 

RESULTS 

The analysis revealed that the classical complete configuration of the Circle of 

Willis was observed less frequently than variant forms. The most common variations 

included: 

• Hypoplasia of the posterior communicating artery 

• Asymmetry of the anterior cerebral arteries 

• Partial absence of communicating segments 

In several cases, significant diameter differences between symmetrical vessels 

were detected. These findings suggest reduced compensatory capacity in certain 

individuals under conditions of arterial obstruction. 

Incomplete forms of the Circle of Willis may limit collateral circulation 

efficiency, potentially increasing vulnerability to ischemic events. Additionally, 

vascular asymmetry may alter hemodynamic stress distribution, contributing to 

aneurysm development. 

DISCUSSION 

Anatomical variability of the Circle of Willis has direct clinical relevance. In 

neurosurgical procedures involving aneurysm clipping or tumor resection at the skull 

base, detailed knowledge of vascular configuration is crucial to avoid iatrogenic 

complications. Furthermore, radiological misinterpretation may occur if anatomical 

variants are not recognized. Hypoplastic segments may be mistaken for pathological 

narrowing, while absent arteries may mimic occlusion. 

The relationship between vascular configuration and stroke risk has been widely 

discussed in literature. Individuals with incomplete arterial rings may demonstrate 

reduced capacity for collateral compensation during arterial stenosis. Therefore, 
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anatomical assessment of the Circle of Willis should be integrated into comprehensive 

cerebrovascular evaluation. 

 

CONCLUSION 

The Circle of Willis demonstrates substantial anatomical variability, with 

complete symmetrical configurations occurring less frequently than variant patterns. 

These structural differences may influence cerebral hemodynamics and contribute to 

the pathogenesis of cerebrovascular disorders. 

Recognition of these variations is essential for neurosurgical planning, stroke 

prevention strategies, and accurate neuroimaging interpretation. Further large-scale 

studies are recommended to better understand the relationship between vascular 

morphology and clinical outcomes. 
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