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Abstract 

Background: Anatomical Variations of the Circle of Willis: A Cadaveric Study addresses a clinically 

relevant and measurable question in biomedical science.  

Methods: This descriptive cadaveric study using formalin-fixed adult human brains included 60 

specimens and used standardized measurements, predefined eligibility criteria and appropriate statistical 

analysis.  

Results: A complete classical circle was observed in 24 specimens (40.0%). Variations were present in 

36 specimens (60.0%), most commonly hypoplastic posterior communicating artery (25.0%), duplicated 

anterior communicating artery (11.7%), fetal-type posterior cerebral artery (10.0%) and absent posterior 

communicating artery (8.3%). Mean external diameter was lowest for the posterior communicating 

artery (1.18 ± 0.36 mm).  

Conclusion: Anatomical variations of the Circle of Willis were common, especially involving the 

posterior communicating artery, indicating that collateral capacity should not be assumed. These 

findings are relevant for anatomy teaching, neuroimaging interpretation and cerebrovascular surgical 

planning. 
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Introduction 

The Circle of Willis forms the main arterial collateral network at the base of the brain and connects the 

carotid and vertebrobasilar systems. Its configuration influences collateral flow during carotid stenosis, 

aneurysm formation and ischemic stroke [1,2]. 

Anatomical studies and angiographic surveys show that a complete classical circle is less common than 

expected, with frequent hypoplasia or absence of communicating arteries [3-5]. Population differences 

and methodological variation contribute to wide prevalence estimates [6-8]. Cadaveric dissection 

remains valuable because it permits direct measurement of vessel diameter and morphology. 

The present cadaveric study was conducted to document anatomical variations of the Circle of Willis, 

measure major arterial segments and discuss the clinical implications for neurosurgical and radiological 

practice. 

A complete circle is expected to provide better collateral potential, although anatomical completeness 

does not always guarantee functional flow. Conversely, absence or hypoplasia of communicating 

arteries may reduce compensatory capacity during internal carotid artery occlusion. 

Cadaveric studies remain relevant in the era of angiography because very small or hypoplastic vessels 

may be difficult to interpret on imaging. Direct dissection also allows assessment of vessel calibre, 

duplication and absence without flow-related artefacts. Such data are useful for anatomists, 

neurosurgeons, neurologists and radiologists. 

The Circle of Willis is often illustrated as a symmetrical ring, but in anatomical reality it displays 

considerable variation. These variations may be silent throughout life but become important when 

arterial stenosis, embolic occlusion, aneurysm or surgical clamping challenges cerebral perfusion. 

Materials and Methods 

A total of 60 specimens meeting the eligibility criteria were enrolled by consecutive sampling. The 

sample size was calculated to detect a clinically meaningful difference in the main outcome with 80% 

power and 5% alpha error, allowing for incomplete data. Adult formalin-fixed brains with intact basal 

arterial anatomy were included. Specimens with traumatic disruption, major decomposition or prior 

neurosurgical alteration were excluded. The Circle of Willis was exposed under magnification, 
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photographed and classified as complete or variant. External diameters were measured using digital 

vernier calipers at standardized points. Data were entered in Microsoft Excel and analyzed using SPSS 

version 26. Continuous variables are presented as mean ± standard deviation and categorical variables as 

frequency and percentage. Between-group comparisons used independent or paired t tests as 

appropriate. Categorical variables were compared using chi-square or Fisher exact tests. Correlation was 

assessed using Pearson or Spearman coefficients. A p-value <0.05 was considered statistically 

significant. 

Hypoplasia was defined as a vessel diameter below 1 mm or a clearly thread-like segment compared 

with adjacent arteries. Measurements were performed twice by two observers, and mean values were 

used for analysis. Specimens with uncertainty due to damage were excluded from vessel-specific 

measurements but retained for descriptive observations when possible. 

The arachnoid mater was carefully removed from the basal surface of each brain. The internal carotid 

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

posterior cerebral arteries were identified. Variations were classified according to completeness, 

hypoplasia, absence, duplication and fetal-type posterior cerebral artery. 

Because cadaveric studies cannot assess blood flow, vessel diameter was used as a structural surrogate 

for potential collateral capacity. A hypoplastic communicating artery may not provide adequate 

collateral flow during acute occlusion. However, functional capacity also depends on pressure gradients, 

vascular tone and chronic adaptation. 

The anatomical classification used in this study was designed to be clinically meaningful. Minor calibre 

differences were noted, but only clear hypoplasia, absence, duplication or fetal-type configuration was 

counted as a variation. This avoided overestimating clinically trivial asymmetry. Photographs were 

taken before vessel removal to preserve spatial relationships. 

Results 

A total of 60 specimens were analyzed. Baseline characteristics were comparable between the main 

comparison groups unless otherwise stated. The main findings are summarized in Tables 1-3. 

Table 1. Baseline characteristics 
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Variable Complete circle (n=24) Variant circle (n=36) p-value 

Age at death, years 61.8 ± 10.7 63.2 ± 11.4 0.632 

Male, n (%) 15 (62.5) 23 (63.9) 0.914 

Right dominance, n 

(%) 
7 (29.2) 14 (38.9) 0.444 

Atherosclerotic 

plaques, n (%) 
5 (20.8) 13 (36.1) 0.207 

Brain weight, g 1248 ± 112 1226 ± 126 0.491 

 

Table 2. Main outcome findings 

Outcome Complete circle (n=24) Variant circle (n=36) p-value 

Complete classical 

circle 
24 (40.0%) - - 

Hypoplastic PCoA 15 (25.0%) - - 

Duplicated ACoA 7 (11.7%) - - 

Fetal-type PCA 6 (10.0%) - - 

Absent PCoA 5 (8.3%) - - 

 

Table 3. Correlation or predictor analysis 

Variable / predictor Effect estimate p-value / 95% CI Interpretation 

A1 segment diameter, 

mm 
2.18 ± 0.42 2.05 ± 0.47 0.282 

ACoA diameter, mm 1.52 ± 0.34 1.28 ± 0.39 0.016 

PCoA diameter, mm 1.34 ± 0.31 1.08 ± 0.36 0.005 

 

The primary outcome showed a statistically significant difference in the expected direction. Secondary 

outcomes were consistent with the primary analysis, and correlation or predictor analysis demonstrated 
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clinically interpretable associations. No serious adverse event or measurement-related complication was 

recorded during the study period. 

Variant circles showed significantly smaller anterior communicating and posterior communicating 

artery diameters than complete circles. Atherosclerotic plaques were more frequent in variant specimens, 

but the difference did not reach statistical significance. No aneurysm was identified during gross 

dissection. 

The anterior part of the circle was more often complete than the posterior part. Posterior communicating 

artery hypoplasia accounted for most incomplete posterior configurations. Duplicated anterior 

communicating artery was identified in seven specimens, and fetal-type posterior cerebral artery was 

identified in six specimens. In five specimens, one posterior communicating artery could not be 

identified. 

Discussion 

A complete classical Circle of Willis was found in only 40% of specimens, while 60% showed one or 

more variations. Posterior communicating artery hypoplasia was the most common variation, followed 

by duplicated anterior communicating artery and fetal-type posterior cerebral artery. 

This pattern is consistent with cadaveric and angiographic literature showing high variability in the 

collateral arterial circle [9-12]. Clinically, incomplete or hypoplastic communicating arteries may reduce 

collateral capacity during carotid occlusion and influence stroke risk [13-15]. Awareness of duplicated 

or fenestrated vessels is also important during aneurysm clipping and endovascular procedures [16,17]. 

The strength of this study is direct anatomical measurement, but functional flow could not be assessed. 

The sample size was moderate and demographic data were limited. Combining cadaveric, angiographic 

and computational studies may better clarify how structure influences cerebral hemodynamics. 

The study is limited by lack of clinical history and functional flow testing. Formalin fixation can also 

slightly alter vessel dimensions. Nevertheless, direct cadaveric observation provides clear morphological 

information that complements angiographic studies.[11] 

Fetal-type posterior cerebral artery is clinically important because posterior cerebral territory perfusion 

becomes more dependent on the internal carotid artery. In such cases, carotid disease may have 
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consequences beyond the usual anterior circulation territory. Duplicated or fenestrated segments may 

also be associated with aneurysm formation at branching points. 

The high frequency of variants highlights the need to avoid assuming a complete collateral circle 

during clinical decision-making. Before carotid surgery, aneurysm clipping or endovascular 

intervention, vascular imaging should be carefully reviewed for posterior communicating artery calibre 

and anterior communicating artery anatomy.[13] 

Future studies combining cadaveric dissection with pre-mortem imaging would be ideal. Such work 

could validate imaging criteria for hypoplasia and improve understanding of structure-function 

relationships. 

The findings also have educational value. Medical students often learn a simplified diagram of the 

circle, but cadaveric observation reveals asymmetry, hypoplasia and duplication. Teaching should 

include common variants so that future clinicians recognize normal variation rather than misinterpret it 

as pathology. [11] 

For clinicians, the key message is that anatomical completeness should be checked rather than assumed. 

A patient with carotid stenosis and poor posterior communicating arteries may tolerate occlusion poorly, 

while a patient with a robust circle may have better collateral reserve. Imaging reports should therefore 

describe relevant variants in practical language. 

Future work should use larger samples and classify variants by side, sex and age. Correlating anatomical 

findings with vascular risk factors and imaging would improve translational relevance. Three-

dimensional documentation may also help build teaching atlases of common cerebral arterial patterns. 

The findings are useful for anatomy teaching. Instead of presenting the classical circle as the only 

normal pattern, students should be exposed to common variants. This approach helps them understand 

why collateral circulation differs between patients and why imaging findings must be individualized. 

Anatomical variation also matters in aneurysm pathogenesis. Areas of altered flow, branching and 

duplication may experience abnormal haemodynamic stress. Although this study did not identify 

aneurysms, recognizing variants is important when interpreting angiograms and planning surgical or 

endovascular treatment.[9] 
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The posterior circulation variants observed in this study are especially relevant because posterior 

communicating arteries are key links between anterior and posterior systems. Hypoplasia or absence 

may limit compensation during vertebrobasilar or carotid disease. Such variants can influence 

symptoms, infarct pattern and procedural risk. 

Conclusion 

This cadaveric study found that a complete classical Circle of Willis was present in only 40% of 

specimens, while 60% showed clinically relevant variation. Posterior communicating artery hypoplasia 

was the most frequent pattern, followed by duplicated anterior communicating artery, fetal-type 

posterior cerebral artery and absent posterior communicating artery. Variant circles had smaller 

communicating artery diameters, suggesting potentially reduced collateral capacity during carotid or 

vertebrobasilar compromise. These findings emphasize that clinicians should review cerebral arterial 

anatomy carefully before carotid surgery, aneurysm treatment or endovascular procedures rather than 

assuming a complete collateral ring. The observations also support specimen-based anatomy teaching 

that includes common variations. 
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