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ABSTRACT

AIM: The function of the circle of Willis, an arterial polygon, is to protect the brain from ischemia. The aim of this study is to define
the structural characteristics of the circle of Willis within the Turkish adult population, along with variations and arteries involved in
the measurement of diameters and lengths on cadavers.

MATERIAL and METHODS: The circle of Willis was evaluated in 100 fresh adult cadavers. Structures of the circle of Willis were
evaluated as being typical or atypical images and according to the diameter of AComP. All arteries forming the circle’s length and
diameters were measured.

RESULTS: All arteries forming the circle of Willis as 91% were anatomically observed. The typical structure in which hypoplasia
arteries is not involved was obtained as 8%. The atypical circle of Willis with aplasia was seen as 9%. 87% of adult, 9% fetal, and
4% transitional configuration in the samples were detected. The variations of the circle of Willis were more common in the posterior
portion. Hypoplasia was found to be the most common variation and noted as a maximum in AComP (85%). Aplasia was noted as
the second most common variation after hypoplasia and again the most common in AComP (5%).

CONCLUSION: Advances in radiological methods which provide images of cerebral vessels and the development of cerebrovascular
surgery have increased the importance of the circle of Willis in neurosurgery and neurology. The structure of the circle of Willis is of
great importance in occlusive cerebrovascular diseases and cerebrovascular surgery.
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H INTRODUCTION cans posterior (AComP) which links a. carotis interna (ACI)
to ACP and a basilaris in anterior middle part. ACls, ACAs,
AComA and their branches are defined as “anterior circula-
tion/carotis system”, ACPs, AComPs, a.vertebralis and a.
basilaris are defined as “posterior circulation/vertebrobasilar
system” (22).

Circulus arteriosus cerebri was defined by Thomas Willis in
1664 and is referred to by his name (12, 25). The circle of Willis
is an artery polygon, a vascular ring composed of branches of
arteria (a) carotis interna and a. basilaris around infundibulum
and chiasma opticum in cisterna interpedunculus in the brain-
stem and anastomoses between them. Vessels forming the  The circle of Willis, whose function is to protect the brain from
circle of Willis are as follows: bilateral a. cerebri anterior (ACA) ischemia, is the main structure that provides constant and
and a. communicans anterior (AComA) which links these two regular blood flow to the brain. Despite the presence of de-
arteries, bilateral artery cerebri posterior (ACP), a. communi-  tailed studies concerning each of the vessels that constitute
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Figure 1: A) Schematic drawing illustrating the components of circle of Willis, B) indicating the numerical label of measured
parameters (A1: Arteria Cerebri Anterior (ACA) A1 segment, A2: Arteria Cerebri Anterior (ACA) A2 segment, ACI: Arteria Carotis Interna,
AComA: Arteria Communicans Anterior, AComP: Arteria Communicans Posterior, P1: Arteria Cerebri Posterior P1 segment, P2: Arteria

Cerebri Posterior P2 segment, BA: Arteria Basilaris).

the polygon, studies regarding the whole of circle are relatively
sparse. In addition, no studies are available in the literature
investigating the circle of Willis within the adult Turkish popu-
lation. The aim of this study was to determine structural char-
acteristics of the circle of Willis in order to detect its variations
and measure the diameter and length of the arteries that con-
tribute to this structure in cadavers in the Turkish population.

B MATERIAL and METHODS

This study was carried out on 100 adult fresh cadavers at
Izmir Forensic Medicine Institution with the permission of
the Presidency of the Scientific Board of Council of Foren-
sic Medicine (Approval number: B.03.1.ATK.0.01.00.08/142).
The study group consisted of 19 females (19%) and 81 males
(81%), and the mean age was 55.33 years (range 16-95). The
study group consisted of 65 adults (16-64 years) and 35 el-
derly people (65-95 years). Central nervous system diseases
were excluded from the study. After being dissected with the
microsurgery technique, the diameter and length of the arter-
ies that constituted the circle of Willis were measured using a
caliper (BTS Digital Calippar 150x0.01 mm) with sensitivity of
0.1 mm and and photographed with a digital camera (Sony,
7.2 megapixels).

The following parameters were evaluated. The parameters of
rows 3-13 are schematized in Figure 1.

1. The structure of the circle of Willis (a typical image means
that all of the arteries forming the circle show no hypopla-
sia and an atypical image means aplasia is present)

2. The structure of circle of Willis according to the diameter of
AComP (Adult configuration; diamater of AComP smaller
than P1. Fetal configuration: diamater of AComP larger
than P1. Transitional configuration: diamater of AComP
same as P1)

The diameter of ACA (A1) (right-left)
The length of ACA (A1) (right-left)
The diameter of AComA

The length of AComA

The diameter of ACI (right-left)

The diameter of PCA (P1) (right-left)
The length of PCA (P1) (right-left)
10. The diameter of PCA (P2) (right-left)

© ® N o o B~ ©

11. The diameter of A.basilaris
12. The diameter of AComP (right-left)
13. The length of AComP (right-left)

14.The variations (Absence of artery was evaluated as apla-
sia, diameter of artery smaller than 1 mm was evaluated
as hypoplasia)

Data were transferred to the SPSS 20 (Statistical Packages
for Social Sciences) program for statistical analysis. The Wil-
coxon test was used for comparing right and left. Statistical
significance was established according to corrected nominal
alpha values relating to the Bonferroni method. A multivariate
analysis of variance (MANOVA) was implemented to compare
age groups across the listed variables. The multivariate test
(Pillai’s trace) did not indicate a statistically significant group
difference and therefore no follow-up tests were required.

B RESULTS

All of the arteries forming the circle of Willis were found in
91 samples (91%). Typical (complete-normal) polygonal struc-
tures included all the arteries forming the circle but hypoplas-
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tic arteries were not evaluated as they were noted in just 8
samples (8%) (Table ).

An atypical circle of Willis (incomplete-abnormal) which in-
cluded aplastic arteries was found in 9 samples (aplasia in 2
anterior, 7 posterior system) (9%) (Table I).

According to the relationship between AComP and P1 diama-
ters, adult configuration was detected in 87 samples (87 %)
(Figure 2). Fetal configuration was detected in 9 (9%) and tran-
sitional configuration was detected in 4(4%) (Table Il) (Figure
3).

Variations of anterior and posterior parts of the circle of Willis
are summarized in Tables lll, IV. Variations were found more in
the posterior section. Hypoplasia is the most common varia-
tion and was found to be most common in AComP (85%).
Aplasia is the second leading variation and was also detect-
ed in AComP (5%). AComA hypoplasia is the most common
variation seen in anterior part (20%). Hypoplasia was found to

Table I: The Number and Rate of Forming the Circle of Willis
Arteries

Typical polygon (without aplasia) 91 (91%)

Typical polygon (without hypoplasia) 8 (8%)

Atypical polygon (with aplasia) 9 (9%)
Anterior segment 2
Posterior segment 7

Anterior-Posterior -

Table IIl: The Number and Rate of Adult, Fetal and Transitional
Configuration

Adult configuration 87 (87%)
Fetal configuration 9 (9%)
Right 4
Left 4
Bilateral 1
Transitional configuration 4 (4%)

be the most common in AComA following AComP. The most
common multiple variation is the coexistence of AComA and
AComP hypoplasia which was found in 16 samples (16%)
(Figure 4).

When results were evaluated according to age groups, al-
though it is not a balanced number of samples with only
AComA and AcomP, hypoplasia was found to be statistically
higher among the elderly group (p<0.05).

Diameter and length measurements along with mean values
and ranges of the arteries are presented in Table V.

In values presenting bilateral measurement; the difference be-
tween right and left was found only in A1 length. The right A1
was found to be significantly longer than the left.

Figure 2: Right A1 hypoplasia, adult configuration (Arrow is
showing hypoplastic right A1).

Table Ill: The Number and Rate of Variations of Anterior Part of the Circle of Willis Arteries

Variations Incidence
Single Combined Right Left Combined Total
Right Left
AcomA aplasia - 1 1 (1%)
AcomA hypoplasia 2 18 20 (20%)
A1 aplasia - 1 - 1(1%)
A1 hypoplasia - 2 - 2 (2%)
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Table IV: The Number and Rate of Variations of Posterior Part of the Circle of Willis Arteries

Variations Incidence

Right Left Bilateral Combined Total

Right Left Bilateral
AcomA aplasia 1 - - 2 1 1 5 (5%)
AcomA hypoplasia 8 16 37 9 4 11 85 (85%)
A1 aplasia - - - - 2 - 2 (2%)
A1 hypoplasia - - 1 1 - - 2 (2%)
Table V: The Average, Minimum and Maximum Values of Arteries Diameter and Length (SS: standard deviation).
Arteries Diameter Mean = SD (mm) Length Mean = SD (mm)
Right Left Right Left

ACA (A1 1.87+0.48 (0.30-3.40) 1.96+0.49 (1.00-3.20) 14.44+2.32 (8.10-20.00)  13.72+2.12(8.30-19.50)
AComA 1.43+0.60 (0.20-3.70) 1.95+0.97 (0.40-4.90)
ACI 3.55+0.65 (2.30-5.80) 3.45+0.64 (2.00-5.00)
ACP (P1) 1.91+0.56 (0.60-3.50) 1.96+0.52 (0.80-3.20) 6.09+1.82 (3.20-14.30) 6.04+1.54 (3.20-11.90)
ACP (P2) 1.92+0.51 (0.90-4.20) 1.92+0.48 (1.00-3.10)
A.basilaris 3.61+0.65 (1.90-5.30)
AComP 0.90+0.39 (0.30-2.30) 0.90+0.36 (0.30-2.20) 15.49+3.18 (10.00-25.70) 15.08+3.11 (8.60-24.70)

Figure 4: Bilateral AComP hypoplasia and AComA hypoplasia
(Arrows are showing hypoplastic right and left AComP and
AComaA).

Figure 3: Left fetal configuration (Arrow is showing fetal originated
AComP).
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1. Arteria carotis interna

The mean ACI diameter was measured as 3.55+0.65 mm on
the right and 3.45+0.64 mm in the left. No variations were
detected.

2. Arteria cerebri Anterior (A1)

A1 length was measured as 14.44+2.32 mm in the right and
13.72+2.12 mm in the left. The right A1 was found to be signif-
icantly longer. A1 diameter was measured as 87+0.48 mm in
the right and 1.96+0.49 mm in the left. In the right, combined
(together with other variations) 2 hypoplasia and 1 aplasia
were detected in A1. Variation was not noticed in the left A1.

3. Arteria communicans anterior

The mean length of AComA was measured as 1.95+0.97 mm,
diameter as 1.43+0.60 mm. Twenty (2 single, 18 combined
variations) hypoplasia and 1 combined aplasia and 1 dupli-
cation were detected. Hypoplasia was detected in 14% of
adults, in 31% of the elderly groups.

4. Arteria communicans posterior

The length of AComP was measured as 15.49+3.18 mm in the
right and 15.08 +3.11 mm in the left. AComP diameter was
found to be 0.90+0.39 mm in the right and 0.90+0.36 mm in
the left. A total of 85 hypoplasia (8 right, 16 left, 37 bilateral, 24
combined) and 5 aplasia (1 right, 4 combined) were detected
in AComP. Hypoplasia was detected among 60% of adults,
and 83% of the elderly groups.

5. Arteria cerebri posterior

ACP (P1) length was measured with a mean 6.09+1.82 mm
in the right and 6.04 +1.54 mm in the left. P1 diameter was
measured as 1.91+£0.56 mm in the right and 1.96+0.52 mm in
the left. P1 hypoplasia was detected 1 bilateral and 1 com-
bined (right). P2 aplasia was detected as 2 combined anoma-
lies (left). ACP (P2) diameter was measured as 1.92+0.51 mm
in the right and 1.92+0.48 mm in the left.

6. Arteria basilaris

Mean a. basilaris diameter was measured as 3.61+0.65 mm.
No variations were detected.

B DISCUSSION

Circulus arteriosus cerebri is in fact not a real circle and is
more of a nonagon with 9 borders (3 anterior, 2 anterolateral
and 4 posterior) (22). A complete circle of Willis is composed
of 10 arterial parts. A complete circle that does not have hy-
poplastic arteries is seen in less than half of the cases and the
rate is reported in a large range as 4.6-72.2% (2,3,4,8,11). The
cause of this wide range is considered to be differences in the
definition and hypoplasia criteria, along with the inability to
make real measurements in the studies.

Variations of the circle of Willis are more frequent in the poste-
rior part and most common in AComP (1,19,22,26). Variations
have been reported more frequently cerebrovascular diseas-
es, cerebral aneurysm and mental diseases (1,14,16,24,27).
According to Padget, the circle of Willis is formed at 6-7.

58 | Turk Neurosurg 26(1):54-61, 2016

weeks of gestation (24). It was reported that all segments of
the circle are thin and with the same diameter in a 4 month
fetus, while differences are seen in segment diameters in fe-
tuses older than 4 months (17,19,24). Variations may develop
out of normal polygon structure. When and why these varia-
tions develop is not clear. Causes of variations in the circle
of Willis, when they developed and why they are present in
fetal life have been studied by various study groups (5,17,23).
Comments available report that they are present in fetal life
(5,18,19,28) or develop after birth (13,17).

Padget divided the circle of Willis into three configurations
according to the diameters of AComP and ACP (24). Adult
configuration; diamater of AComP smaller than P1. Padget,
reported this configuration as less than 50%. Fetal configura-
tion, with a diameter of AComP larger than P1 and the main
vascularization of the occipital lobe are provided by ACI. Tran-
sitional configuration, with a diameter of AComP is the same
as P1.

Adult configuration was noticed among adults in the follow-
ing studies: Riggs and Rupp, 76%; Kamath, 73.5%; Yasar-
gil, 67.5%; Zeal and Rhoton, 58%; Saeki and Rhoton, 54%
(14,26,27,30,31). In the present study this configuration was
found to be 87%.

Fetal configuration was noticed among adults as follows; Zeal
and Rhoton, 40%, Kamath, 25%, Yasargil, 24,5%, Saeki and
Rhoton, 22%, Riggs and Rupp, 17%, Alpers and Berry, 15%
(1,14,26,27,30,31). In the present study 9% fetal configuration
was found.

Transitional configuration was noticed among adults as fol-
lows; Yasargil, 8%, Riggs and Rupp, 7%, Zeal and Rhoton,
2%, Kamath, 1.5% (14,26,30,31). In the present study 4%
transitional configuration was found.

Typical polygonal structure, which includes all arteries forming
the circle of Willis and hypoplasia not present has been ob-
tained in 8 (8%) samples. Atypical circle including aplasia was
found in 9 (2 anterior and 7 posterior systems) (9%) samples.
Aplasia was found to be most common in posterior circulation
and AComP.

Fawcet and Blachford reported normal polygon in the ratio of
72.8% in their series of 700 autopsies and detected aplasia in
the ratio of 3.8% (most common in AComP) (10).

In autopsy studies conducted with normal brains of 350 cases
by Alpers et al. (age range between newborn period and 88
years), while normal polygon was found with the ratio of 52%,
an atypical polygon ratio was reported as 0.6% due to left
AComP aplasia. Hypoplasia was most common in AComP
with the ratio of 22% (8% unilateral, 6% bilateral, 8% together
with other anomalies). AComA was more than one in 9%, trip-
lication was detected in ACA in 8% cases. Fetal AComP was
found to be 15% (5% unilateral, 4% bilateral, 6% combined).
Multiple anomaly was detected in 13% (2).

In the study carried out by Alpers and Berry the normal poly-
gon was found to be 52%. They reported this ratio as 33.91%
in the study conducted with 194 cerebral infarction cases due
to embolism or thrombus, this ratio was reported as 37% in



aneurysm cases (1). The authors reported hypoplastic vessels
as the most common anomaly observed in the circle of Willis.
Hypoplasia was found to be most common in AComP (22%
in normal brains, 38% in brains with infarction and 40% in
brains with aneurysm). AComP aplasia was found as 0.6% in
normal brains, 1.5% in brains with infarction and 3% in brains
with aneurysm. Fetal AComP was found to be 15% in normal
brains, 29% in brains with infarction and 22% in brains with
aneurysm. In conclusion, AComP hypoplasia, aplasia and fe-
tal AComP were found to be higher among patients with ce-
rebral occlusive disease and aneurysm compared to normal
patients. The circle of Willis insufficiency is reported in vaso-
occlusive diseases, in presence of partial or total occlusion of
other arteries in the absence of one AComP. However there is
no a clear explanation regarding the role of hypoplasia alone
in the development of infarction (1,2).

Wilson et al. showed one A1 hypoplasia in 85% of AComA
aneurysms. It was reported that hemodynamic anomaly con-
tributed to aneurysm formation, while a strong correlation was
reported between hypoplastic segments and aneurysm (29).

A typical polygon was detected in 21%, and hypoplasia in
79% in the study by Riggs and Rupp, which was conducted
on 994 adult autopsy series with neural dysfunction (26). Neu-
rologic disorders were associated with an impaired blood flow
developing due to hypoplasia. Hypoplasia was detected most
commonly in AComP followed by AcomA, while a fetal con-
figuration was detected in 54 cases (5%) (26).

Arteria communicans smaller than 0.5 mm and other arteries
smaller than 1 mm were accepted as abnormal in the study
of Kamath reported with 100 cadavers in India (14). The most
common anomaly was detected in ACP and AComP. The most
common variation in length was detected in AComA and the
most common variation in diameter was detected in AComP.
Longer and smaller arteries were found in the right half of the
polygon. Blood flow was found to be more effective in short
thick arteries, while the left hemisphere was explained as be-
ing supplied better (14).

While no difference was noted between males and females,
arteries in the left were found to be longer than the right in the
study of Orlandini et al. conducted with 100 ltalian cadavers
(17-84 years) (21). The impaired structure in the circle of Willis
was reported as being caused by AComA and AComP (21).

In the study of Eftekhar et al. conducted with 102 male au-
topsy cases aged between 15-75 years among the Iranian
population the circle of Willis was evaluated by measuring
with digital photographs and the typical circle of Willis was
detected as being in the ratio of 28% (9). Aplasia was not
found in A1 and P1 segments, hypoplasia was not found in the
left A1, 1% hypoplasia was found in the right A1, 11% hypo-
plasia and 1% aplasia was found in AComA. In AComP, 16%
hypoplasia was detected in the right, 11% hypoplasia was de-
tected in the left and 33% bilateral hypoplasia was detected.
In AComP, 4% aplasia was detected in the right, 3% aplasia
was detected in the left and bilateral aplasia was detected in
3%. In 27% cases the diameter of P1 was found to be smaller
than AComP (fetal). A significant difference was not detected
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compared to the studies conducted in other races despite the
limitation of the study (9).

The circle of Willis was analysed in 225 autopsy cases aged
between 18-73 in De Silva et al., conducted among the Sri
Lankan population (8). In this study, the circle which had all
parts and artery diameters >1 mm was defined as “typical”,
arteries smaller than 1 mm in diameter were accepted as “hy-
poplastic”. Typical polygon was detected in 14.2% of cases,
variation was seen in posterior part in 70% of cases. 13.5%
unilateral hypoplasia, 51.5% bilateral hypoplasia was detect-
ed in AComP, 3.8% unilateral hypoplasia, 1.6% bilateral hypo-
plasia was detected in P1, 25% hypoplasia was detected in
AComA, 4.1% unilateral hypoplasia was detected in A1 (10). A
typical circle of Willis ratio was detected as 52% in the study
conducted in USA (2) and 45.2% in the study conducted in
India (15). The immense difference between results among the
Sri Lankan and Indian population was considered to be related
to genetic, racial, regional, environmental, hemodynamic fac-
tors, or a combination of these despite their common origin,
and it was stated that the influence of these factors should be
investigated. The frequency of stroke in posterior circulation
is greater among people from Asian races compared to the
west. The cause of this could not be fully explained and the
role of anatomic and pathologic properties of cerebral arteries
in different races could not be established (8).

Typical polygon was observed in the ratio of 45.2% in the au-
topsy study of Kapoor et al, reported with 1000 cases among
different ages in India (15). Cases which included all parts and
no variation or hypoplasia were accepted as typical. Varia-
tion was found in the ratio of 23.4% in anterior and 31.4% in
posterior. A1 aplasia was found to be 0.4%, hypoplasia 1.7%
and duplication 2.6%. 1.8% aplasia and 10% duplication was
detected in AComA. 10.6% hypoplasia (fetal) was detected
in P1, 1% aplasia and 16.7% hypoplasia was detected in
AComP. Multiple variations were detected in the brain in the
ratio of 7.4% (15).

In the literature, measurements of a normal polygon have been
reported as follows: A1 diameter 2.6 mm (0.9-4.0), length 12.7
mm (7.2-18.0), AComA diameter 1.5 mm (0.2-3.4), length 2.6
mm (0.3-7.0), ACI diameter 4.3 mm (2.5-7.0), P1 diameter 2.6
mm (0.9-4.0), length 7.0 mm (3.0-20), P2 diameter 2.7 mm
(1.6-4.0), a. basilaris diameter 4,1 mm (3.0-5.5), AComP di-
ameter 1.3 mm (0.3-3.1), length 12.6 mm (7.0-23) (27). In our
study, diameters and lengths of arteries were found to be con-
sistent with the literature and these results were not discussed
separately.

All of the arteries forming the circle of Willis polygon were
found to be present iat a rate of 91% in the present study. The
typical polygonal structure in which all arteries were present
but hypoplastic arteries were not observed was found to be
8%. The rate of an atypical circle of Willis with aplasia was 9%.
Adult configuration was detected as 87%, fetal as 9% and
transitional 4%. In this study AComP hypoplasia was found
to be higher compared to the literature, thereby the typical
polygon ratio in which hypoplastic arteries were not included
was detected as low. The probable reason for the wide range
of typical polygon ratio in the literature may be due to differ-
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ences relating to criteria and defining hypoplasia. However,
further studies are necessary to confirm the influence of ge-
netic, racial, environmental and hemodynamic factors. Find-
ing adult configuration greater than in the literature, and fetal
configuration lower than in the literature was explained by a
greater AComP hypoplasia and lower P1 hypoplasia ratio.

The circle of Willis variations were found to be more in the
posterior part, which is consistent with the literature. The most
common variation is hypoplasia, a condition seen most com-
monly in AComP (85%). This hypoplasia was 24% unilateral,
37% bilateral and 24% together with other anomalies. Aplasia,
the second leading variation following hypoplasia, was also
found to be most common in AComP (5%). The second most
common hypoplasia site is AComA (20%). AComA hypoplasia
was found to have the most variation in the anterior part. The
most common multiple variation is AComA and AcomP hypo-
plasia coexistence which was found in the ratio of 16%.

The A1 and AComA aplasia rate was 1%, and P1 aplasia rate
2%. The A1 and P1 hypoplasia rate was 2%. The A1, AComA,
AComP and P1 aplasias and A1, AComA hypoplasia rates
were found to be consistent with the literature. The rate of
AComA duplication, which is among the rare variations, was
1% in our study, lower than the literature.

In values measured bilaterally, only the right A1 was found to
be significantly longer than the left, a result consistent with
Kamath (14).

According to the results of our study, the circle of Willis varia-
tions were found to be more common in the posterior circula-
tion, which is consistent with the literature on the adult Turk-
ish population. The most common variation was hypoplasia
and this condition was seen most commonly in the AComP.
AComP hypoplasia was found to be more common compared
to the literature, where the typical polygon ratio in which hy-
poplastic arteries were not included was detected as low. The
second most common hypoplasia site was AComA. AComA
hypoplasia was found to have the most variation in the ante-
rior part. The most common multiple variation was AComA
and AcomP hypoplasia coexistence. The rates of A1, AComA,
AComP and P1 aplasias and A1, AComA hypoplasias were
found to be consistent with the literature. The rate of a AComA
duplication, which is among the rare variations, was 1% in our
study, lower than in the literature. Finding the adult configura-
tion rate greater than in the literature and the fetal configura-
tion rate lower than in the literature may be explained by the
greater AComP hypoplasia and lower P1 hypoplasia rates.
The potency and size of the arteries in the circle of Willis is
important in occlusive cerebrovascular diseases and cerebro-
vascular surgery. Although variations are common, most do
not lead to clinical problems because of the colleteral anas-
tomotic polygon. However, the presence of a hypoplastic or
aplastic AComP is an independent risk factor for ischemic
cerebral infarction when the ACI is occluded (22). AComP is
the longest segment of the circle of Willis in which size is im-
portant for tolerance to ischemia. Chuang et al. demonstrated
that AComP hypoplasia appears to be a contributor to the risk
of ischemic stroke, even in the absence of ACI occlusion (6).
Miyazawa et al. also found a higher frequency of lacunes in
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the basal ganglia among patients with hypoplasia or aplasia
in the anterior part of the circle of Willis (20). Recovery level
of patients in occlusive vascular diseases may be explained
with some variations in the circle of Willis. Chuang et al. found
that patients with a complete circle of Willis were more like-
ly to have early improvement than the incomplete group in
ischemic stroke patients (7). Stroke is one of the most seri-
ous cerebrovascular diseases in Turkey, and the frequency
of stroke in the posterior circulation is greater among people
from Asian races compared to the west. The AComP hypopla-
sia rate was found to be higher compared to the literature in
the adult Turkish population. The reason could be related to
racial aspects. Further studies are needed to look into the role
of anatomic properties of the circle of Willis and their effect on
the frequency of stroke, especially in the posterior circulation,
in Turkey.

B CONCLUSION

The variations of the circle of Willis were found to be more
common in the posterior circulation, which is consistent with
the literature relating to the adult Turkish population. The
AComP hypoplasia was found to be more common compared
to the literature, where the typical polygon ratio was detected
as low. The reasons may be related to racial factors. Further
studies are necessary to confirm the influence of genetic, ra-
cial, environmental and hemodynamic factors or the combina-
tion of these components on the circle of Willis. Apart from
studies of the healthy population, the clinical implications of
variations of the Willis polygon should be examined through
studies of a large number of patients with cerebrovascular
disorders.
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