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ABSTRACT. Introduction. The cerebral arterial circle (circle of Willis) is a key structure ensuring 
intersystemic blood flow. The classical closed configuration is found in no more than 25–50% of 
cases, and the skull shape may influence the topography of its arterial segments. The aim of this 
study was to systematize current knowledge on the variants of the cerebral arterial circle and to 
analyze the relationship between these variants and craniometric characteristics. Materials and 
methods. A review of publications indexed in PubMed, Scopus, and eLibrary databases for the 
period 2000–2024 was performed. In parallel, the authors' own material was analyzed, comprising 
MSCT angiographies of patients from a municipal multidisciplinary hospital in Saint Petersburg. 
Results. The most common deviations from the classical configuration include hypoplasia or 
aplasia of one or both posterior communicating arteries, as well as the fetal type of the posterior 
cerebral artery. Dolichocephalic individuals showed a tendency toward a higher frequency of 
incomplete variants of the posterior part of the circle, whereas brachycephalic individuals more 
often exhibited a closed configuration. Conclusions. Skull shape may be considered one of the 
predictors of the anatomical variant of the cerebral arterial circle, which is relevant for assessing 
individual risk of cerebrovascular events.
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РЕЗЮМЕ. Введение. Артериальный круг большого мозга (виллизиев круг) — ключе-
вое звено, обеспечивающее межсистемный кровоток. Классическое замкнутое строение 
встречается не более чем в 25–50% наблюдений, а форма черепа может влиять на топо-
графию его артериальных сегментов. Цель работы — систематизировать современные 
представления о вариантах строения артериального круга большого мозга и проанали-
зировать связь этих вариантов с краниометрическими характеристиками. Материалы и 
методы. Выполнен обзор публикаций в базах данных PubMed, Scopus и eLibrary за пе-
риод 2000–2024 гг. Параллельно проведен анализ собственного материала, включающего 
изуче ние результатов выполнения мультиспиральной компьютерной томографии с анги-
ографией у пациентов городского многопрофильного стационара города Санкт-Петербур-
га. Результаты. Наиболее частыми вариантами отклонений от классического строения 
являются гипоплазия или аплазия одной или обеих задних соединительных артерий, а 
также фетальный тип задней мозговой артерии. У долихоцефалов отмечена тенденция к 
большей частоте разомкнутых вариантов заднего отдела круга, тогда как у брахицефалов 
чаще встречается замкнутая конфигурация. Выводы. Форму черепа можно рассматривать 
как один из предикторов анатомического варианта артериального круга, что имеет значе-
ние для оценки индивидуального риска цереброваскулярных событий.

КЛЮЧЕВЫЕ СЛОВА: артериальный круг большого мозга, виллизиев круг, вариантная 
анатомия, форма черепа, краниометрия, черепной указатель, КТ-ангиография, 
цереброваскулярная патология
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INTRODUCTION

The cerebral arterial circle, described by 
Thomas Willis in 1664, continues to attract close 
attention from anatomists, neurologists, and neu-
rosurgeons. This is only natural: being the princi-
pal collateral pathway between the internal caro-
tid and vertebral artery territories, it largely deter-
mines the resilience of cerebral hemodynamics to 
occlusive lesions of the major cervical vessels [1, 
2]. The classical description assumes a closed 
arterial polygon formed by the anterior cerebral 
arteries, the anterior communicating artery, the 
internal carotid arteries, the posterior communi-
cating arteries (PCoA), and the posterior cerebral 
arteries [3]. However, as has been repeatedly em-
phasized in the literature — and our own practical 
experience confirms the “classical” closed variant 
is an idealized norm rather than a typical finding.

According to systematic reviews, a fully 
formed arterial circle is observed in only 20–49% 
of subjects, depending on the method of investi-
gation and the evaluation criteria applied [4, 5]. 
The remaining cases present a wide array of vari-
ants, ranging from minor caliber asymmetry of 
paired arteries to the complete absence of indi-
vidual segments. Such variability is of more than 
theoretical interest. In the setting of acute cere-
bral ischemia, it is the competence of colla teral 
flow through the arterial circle that frequently 
determines the volume of brain tissue damage 
and, ultimately, disease prognosis [6].

A parallel and no less fundamental problem 
concerns the relationship between intracranial 
vascular architecture and constitutional features of 
the skull. The shape of the neurocranium, quan-
tified by the cephalic index, reflects the ratio of 
maximum cranial breadth to maximum cranial 
length and, consequently, the configuration of the 
cranial cavity in which the major arterial trunks of 
the brain base are situated [7, 8]. It appears plausi-
ble that differences in the geometric parameters of 
the cranial cavity may affect the length, branching 
angles, and caliber of the arterial circle segments.

Nevertheless, targeted studies of this relation-
ship have been relatively few, and the available 
data are often contradictory. The aim of the pre-
sent study was to systematize the existing know-
ledge on the variant anatomy of the cerebral arte-
rial circle and to analyze the possible association 
between its configuration and craniotype.

MATERIALS AND METHODS

The study was conducted in two sequential 
stages. The first stage comprised an analytical re-

view of publications retrieved from the PubMed, 
Scopus, and eLibrary databases using the key 
search terms “circle of Willis variants”, “cereb-
ral arterial circle anatomy ”, and “cephalic index 
AND cerebral arteries” for the period 2000–
2024. Inclusion criteria were original studies 
using autopsy or in vivo (computed tomography 
angio graphy, magnetic resonance angiography) 
material with a sample size of at least 50 cases, 
as well as systematic reviews and meta-analy-
ses. Case-based publications lacking quantitative 
analysis were excluded.

The second stage consisted of the authors' 
own investigation performed on CT angiograms 
of the brain with simultaneous assessment of 
craniometric parameters. The cephalic index 
was calculated as the ratio of maximum cra nial 
breadth to maximum cranial length, multiplied 
by 100. Patients were allocated into three groups: 
dolichocephalic (index <74.9), mesocephalic 
(75.0–79.9), and brachycephalic (≥80.0) [7]. The 
configuration of the arterial circle was evaluated 
according to a classification that takes into ac-
count the status of both the anterior and posterior 
segments: completely closed, closed in the an-
terior segment only, closed in the posterior seg-
ment only, and open [9, 10].

Statistical analysis was performed using Pear-
son's chi-squared test for comparing frequencies 
of categorical variables. Differences were con-
sidered statistically significant at p <0.05.

RESULTS AND DISCUSSION

Analysis of the published literature confirms 
the high variability in the structure of the arterial 
circle. K.S. Kapoor et al., upon examination of 
1,000 brain specimens, found the classical closed 
configuration in only 45.2% of cases [4]. Simi-
lar figures — ranging from 37 to 52% have been 
reported by other authors working with autopsy 
material from various populations [5, 11]. When 
MR angiography is employed, the proportion of 
the “classical” variant appears somewhat lower, 
at approximately 28–42%, which is presumably 
attributable to the limited spatial resolution of 
the method in visualizing small-caliber ves-
sels [12, 13].

The posterior segment of the arterial circle ex-
hibits substantially greater variability compared 
with the anterior segment. This finding is well 
consistent with embryological data: the posterior 
communicating arteries form later in develop-
ment and frequently undergo secondary regres-
sion in the postnatal period [14]. Hypoplasia or 
aplasia of one PCoA is detected in 22–34% of 
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cases, according to various estimates, while bi-
lateral changes are reported in 8–18% [5, 11, 15]. 
The fetal type of the posterior cerebral artery, in 
which the posterior cerebral arteries receives its 
blood supply predominantly from the internal ca-
rotid arteries rather than the basilar artery, is en-
countered in 15–32% of subjects [12, 16].

The anterior segment of the circle shows less 
variability. Nevertheless, aplasia or hypoplasia of 
the proximal segment (A1) of the anterior cere-
bral artery is observed in 1–10% of cases, and 
duplication of the anterior communicating artery 
in 10–18% [4, 11]. It should be noted that in our 
own sample, the distribution of variants was ge-
nerally consistent with the literature, although 
certain differences presumably of population-
speci fic nature were documented.

The question of the influence of skull shape on 
intracranial angioarchitectonics was first raised in 
classical works by Russian anatomists. I.V. Gai-
voronsky et al. in their studies of craniological 
cha racteristics, pointed to significant differen-
ces in the topography of the cerebral base vessels 
among individuals with different craniotypes [8]. 
Yet systematic data incorporating mo dern imaging 
modalities remained fragmentary until recently.

A number of international studies have 
attempted to correlate the cephalic index with the 
configuration of the arterial circle. B. Eftekhar et 
al., based on 102 CT angiograms, found a trend 

toward a higher frequency of incomplete poste-
rior segment variants in dolichocephalic indivi-
duals [17]. The authors attributed this pheno-
menon to the greater anteroposterior extent of the 
skull base, resulting in “stretching” of the pos-
terior communicating arteries and their functio-
nal insufficiency. Conversely, in brachycephalic 
subjects — with a more compact configuration 
of the posterior cranial fossa — the distance bet-
ween the basilar artery bifurcation and the caro-
tid siphons is reduced, which presumably favors 
the preservation of fully developed PCoAs.

Our study yielded similar results. In dolicho-
cephalic individuals, a completely closed arterial 
circle was identified significantly less frequently 
than in brachycephalic subjects. The difference 
was statistically significant (p <0.05) and was 
driven primarily by variations in the posterior 
segment (Fig. 1).

The anterior segment showed minimal diffe-
rences between the two groups, which is in agree-
ment with published data on its relative stability.

These results, for all their consistency, require 
cautious interpretation. First, the cephalic index 
is a relatively crude parameter that does not cap-
ture all the nuances of the posterior cranial fossa 
geometry. Second, the configuration of the arteri-
al circle is determined by multiple factors, inclu-
ding the genetic characteristics of angiogenesis, 
hemodynamic conditions during the embryo nic 

Fig. 1. Anatomical variants of the circle of Willis: absence of all communicating arteries (1) and absence of both 
posterior communicating arteries (2) (results of original radiological studies by L.Yu. Artyukh, 2025)

1 2
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and postnatal periods, and the presence of sys-
temic vascular disease [14, 18]. In our view, skull 
shape is more likely one of the “modifying” fac-
tors rather than the sole determinant (Fig. 2).

The practical significance of the obtained data 
is defined by the fact that incompetence of col-
lateral circulation through the arterial circle sub-
stantially increases the risk of ischemic stroke in 
patients with steno-occlusive disease of the extra-
cranial arteries [6, 19]. As noted by V.G. Lelyuk 
and S.E. Lelyuk, in the ultrasound assessment of 
compensatory capacity of cerebral hemodynamics, 
the completeness of the circle of Willis determines 
the pattern of blood flow redistribution within the 
arterial ring at the base of the brain [3].

Consequently, consideration of craniotype — 
alongside neuroimaging data may be useful in 
planning carotid endarterectomy and stenting. If 
an incomplete posterior segment of the circle is 
identified in a particular dolichocephalic patient, 
the risk of hemodynamic stroke in the setting of 
ipsilateral carotid stenosis is potentially higher. 
This hypothesis, of course, requires prospective 
clinical validation.

The limitations of the present study should 
also be acknowledged. The review component 
does not claim the completeness of a systema-
tic review with meta-analysis; our own sample, 
while sufficient to identify a statistical trend, re-
quires expansion in order to refine the quantita-
tive parameters of the association. Furthermore, 
we did not have data on the hemodynamic signi-
ficance of the identified anatomical variants — 
a task that may be addressed in future studies 
employing transcranial Doppler ultrasonography 
and functional stress tests.

CONCLUSION

The cerebral arterial circle is characterized 
by high anatomical variability, with its posterior 
segment being considerably more variable than 
the anterior one. Skull shape, as assessed by the 
cephalic index, may be regarded as one of the 
factors associated with the configuration of the 
arterial circle.
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