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Abstract  

BACKGROUND: Circulus arteriosus cerebri is the main source of blood supply to the brain; it connects the left 
and right hemispheres with anterior and posterior parts. Located at the interpenducular fossa at the base of the 
brain the circle of Willis is the most important source of collateral circulation in the presence of the disease in the 
carotid or vertebral artery. 

AIM: The purpose of the research is to study the diameter and length of arteries and provide an important source 
of reference on Kosovo’s population. 

METHODS: This is an observative descriptive study performed at the University Clinical Center of Kosovo. A 

randomised sample of 133 angiographic examinations in adult patients of both sexes who were instructed to 
exploration is included. 

RESULTS: The diameters and lengths measured in our study were comparable with other brain-cadaver studies 
especially those performed by MRA. All dimensions of the arteries are larger in male than female, except the 
diameter of PCoA that is larger in female (p < 0.05) and length of the ACoA (p < 0.05). Significant differences 
were found in diameters of arteries between the younger and the older age groups. 

CONCLUSION: Knowing the dimensions of the arteries of the circle of Willis has a great importance in 
interventional radiology as well as during anatomy lessons.  

 

 

 

Introduction 

 

Even though it consists about 2% of body 
weight, the brain is one of the most active metabolic 
systems of the body and dependent on a continuous 
supply of oxygenated blood [1]. Located at the 
interpenducular fossa at the base of the brain, 
circulus arteriosus cerebri is the main source of 
blood supply to the brain. It is named after the 
famous British surgeon Thomas Willis in his book 
“Cerebri Anatome” 1664 [2]. This arterial circle was 
well known before, but it is said that with his detailed 
description he also recognised its function. According 
to Thomas Willis, the function of this circle is a 
collateral pathway to maintain adequate cerebral 
perfusion that provides constant and regular blood 
flow to the brain in case of reduced arterial perfusion, 

stenosis or occlusion of an internal carotid artery or 
vertebral artery. [3,4]. Internal carotid arteries (ICA) 
and basilar artery bring the blood in the CW. 
Therefore these are considered as an incoming 
artery (afferent artery), while their lateral branches 
are the delivery artery (efferent artery). The internal 
carotid artery is divided into the anterior and middle 
cerebral artery and forms the anterior part of the CW. 
The basilar artery formed by the joining of the two 
vertebral arteries which is divided into the posterior 
cerebral arteries and presents the posterior part 
(segment) of the circle. Anterior communicating 
artery (ACoA) connects the left and right ACA, 
while posterior communicating arteries (PCoA) 
connects a posterior cerebral artery to the terminal 
part of the same side of ICA and as such closes the 
circle being formed the Circle of Willis. Also, this 
anastomosis slows down blood flow to the brain 
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and helps in collateral circulation. Although in 
anatomical terminology (TA) is described as a 
circle, it has more polygonal form. Completely 
formed appears on the 52nd day of embryonic 
development, but, all its segments are thin and have 
the same calibre [5, 6]. Classification of variations is 
not easy because of their large number. Studies 
have shown that the anatomical variations of the 
circle of Willis were probably genetically determined, 
develop in early embryonic stage and persist in post 
natal life [7]. The most common morphological 
changes in the blood vessels of the brain are 
encountered in their origins, calibre; often they are 
hypoplastic, duplicated or event absent, number, 
communication, and branching. So, the presence of 
anatomical variations means deviation from the 
normal pattern without any functional impairment to 
the individuals. Vascular variations have been 
examined using various methods including autopsy, 
CT angiography and Magnetic Resonance 
Angiography. However, earlier studies are mainly 
based on autopsy study, with numerous limitations on 
the connections between morphology and 
physiological changes in the hemodynamic system. 
Moreover, the sample number was limited, and 
their results were not comprehensive and did not 
reflect the normal physiological status. 

With the development of imaging diagnostic 
methods, such as magnetic resonance angiography 
(MRA) have been progressed to study the 
morphology of blood vessels [8]. In our study, 
these variations are observed and classified using 
MRA. Magnetic resonance angiography is a 
noninvasive sensitive method, possible to survey on 
massive healthy population and used to assess 
variations in vivo. 

Given that the origin of the Albanian people is 
ancient and specific, and considering that the isolation 
by distance and genetic drift have been still important 
factors in determining the genetic structure of the 
Albanian population we suppose that this reflects on 
some differences in the structure of the circle of Willis 
[9]. In Kosovo’s population, evidence of the presence 
and distribution of variations of the circle of Willis is 
scarce. Research has indicated that these anatomical 
variations have to be considered during radiological 
interpretation, neurosurgical interventions and in a 
greater care for those who teach anatomy [10]. 

The objectives of this study are to 
evaluated and describe the prevalence of variations 
of the circle of Willis and correlation between age and 
gander in Kosovo’s population. 

 

 

Materials and Methods 

 

Our study included 133 Magnetic Resonance 

Angiography examination subjects from all age 
groups regardless of gender within Kosovo’s 
population. The patients were ranged from 18 to 83 
years old. Thus, for control the potential confounding 
factor we have including in examination just Albanians 
who live in Kosovo. 

Patients who were referred to Clinic of 
Radiology in a tertiary hospital, University Clinical 
Center of Kosovo as part of their health check-up 
were included in this study. Clearance from 
Institutional Ethical committee was obtained for our 
study. All patients were examined with a 3D time of 
flight MR angiography (3D TOF MRA) (Fig. 1). This 
study scanned by using a 1.5T scanner (Avanto, 
Siemens, Germany). Following imaging parameters 
were used repetition time/echo time 23/7.0, flip angle 
25 degrees, slice thickness 0.7mm, number of slice 
44/slab, number of slabs 4, slice overlap 25%, flow 
direction feet to head with 40mm saturation at the 
head end, field of view 180 x 158 and 256 matrix size. 
All MR angiograms were evaluated by using native 
source images and maximum intensity projections 
(MIP) images. 3D TOF MRA is a sensitive, non-
invasive imaging modality suitable for evaluation of 
the circle of Willis. Thus, each patient was positioned 
supine, and the head was immobilized by the head 
coil, ear protection was used for each patient. During 
the scan, vital signs for all patients were monitored. 

 
Figure 1: an A. Standardized method for vessel diameter 
measurement with transversal cuts 5 mm from their origin and 
length of the arteries. B, C and D -axial MIP- 3D reconstruction TOF 
MRA 

 

Inclusion criteria in the study: 

- All age groups, both of sexes, without 
distinction territory. Exclusion criteria: 

- patients who have the disease in central 
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nervous system, patients with a pacemaker, 
ferromagnetic intracranial aneurysm clips or other 
metallic implants, patients with arterial aneurysms, 
arteriovenous malformation, subarachnoid 
haemorrhages, intracerebral, with embolism, 
thrombosis, with claustrophobia and patients who 
have head and neck surgeries were excluded. 

To avoid errors when interpreting results: 

- patients with head trauma, surgical 
interventions in this particular region, also images that 
not clear, including images where the patients moved, 
these data were not included in the study. 

The study aimed to determine the inner 
diameter of the arteries of the CW in the Kosovo’s 
population, about gender and age. 

Only the arteries forming the circle of 
Willis were studied: internal carotid artery (ICA), 
anterior cerebral artery (ACA), middle cerebral artery 
(MCA), posterior cerebral artery (PCA), basilar artery 
(BA), anterior communicating artery (ACoA) and 
posterior communicating artery (PCoA). 

The variations of the CW were classified by 
the arterial configurations described in previous adult 
studies. MRA provides 89.2% sensitivity to the 
communicating artery and 81.3% for the posterior 
communicating artery, while 100% for the anterior, 
medial and posterior cerebral artery. For the 
identification, the circle of Willis is divided into an 
anterior part which consists of ACA, ICA and ACoA 
and posterior part from PCA, PCoA and BA. All 
arteries are measured in length along the extension 
of the respective segment and diameter through a 
transversal cut placed 5mm from the vessel origins in 
a typical angiographic frontal incidence. 

The anterior cerebral artery (proximal 
segment-ACA) defined as a part of ACA from its 
origin at the internal carotid thought to the junction 
with the anterior communicating artery and posterior 
cerebral artery (proximal segment-PCA) from its 
origins at the termination of the basilar artery to the 
junction with the posterior communicating artery 
within interpeduncular cistern. The middle cerebral 
artery (proximal segment –MCA) also known as the 
horizontal or sphenoid segment originates from ICA 
passes laterally behind to the Sylvain fissure. The 
basilar artery (BA) formed by the union of the two 
vertebral arteries at the junction between the medulla 
oblongata and the Pons and extends to the upper 
border of the Pons. 

Thus, for comparative statistical analysis, the 
tests were divided into groups based on patient’s 
gender and age. 

The differences in mean vessel diameter 
and length were correlated according to age and 
gender by T-test and P-values, p > 0.05 (not 
significant), p < 0.05 (significant), p < 0.01 (highly 
significance, p < 0.001 (very highly significance). 

Results 

 

In the present study, the diameter and length 
vessel of the circle of Willis was studied by Magnetic 
Resonance Angiography. All participants underwent 
three-dimensional time-of-flight Magnetic Resonance 
Angiography (3D-TOF MRA) of the Circle of Willis 
(CW) examination at our institution for explorative 
purposes. The present study focuses on the 
distribution of diameter and length among the subjects 
studied including age and gender. From the total 
structure of the patients, 54% were female. About 53 
% of the patients belonged to ≥ 40 years age group, 
out of them about 52% were female. The patients 
were ranged from 18 to 83 years old; the mean 
age was 45 years (SD = 18). The inner diameter 
and the length of the measured CW arteries in all 
examination are shown in Table 1.  

Table 1: Dimensions of arteries of the circle of Willis 

  Diameter (mm)       Length (mm)   

Arteries AM  SD    SE min. max. AM SD SE min. max. 

ACA 2.09 0.27 0.01 1.1 2.93 13.96 1.4 0.08 9.9 21 

ACoA 1.5 0.22 0.01 0.9 2.4 2.74 0.62 0.05 0.9 4.9 

MCA 3.35 0.31 0.01 2.45 4.34 15.75 1.15 0.07 13.2 21.6 

ICA 3.79 0.19 0.01 2.81 4.2 - - - - - 

PCoA 1.22 0.2 0.01 0.9 2.1 12.93 0.92 0.08 10 16.4 

PCA 1.99 0.31 0.01 0.9 2.8 6.59 1.09 0.06 3.2 9.9 

BA 3.27 0.33 0.04 1.9 4.15 30.2 1.88 0.16 23.6 35.6 

AM = arithmetic mean; SD = standard deviation; SE = standard error; Min = minimum 
value; Max = maximum value; ACA = anterior cerebral artery; ACoA = anterior 
communicating artery; MCA = Middle cerebral artery; ICA = internal carotid artery; 
PCoA = posterior communicating artery;  PCA = posterior cerebral artery; BA =basilar 
artery, T = T-test, P > 0.05 (not significant), P<0.05 (significant), P < 0.01 (highly 
significant), P<0.001 (Very highly significant). 

 

Differences between male and female 
diameter and their statistical significance are shown 
in Table 2, w hereas individual younger and older 
than 40 years old, respectively, results are shown in 
Table 3. Differences between male and female 
length and their statistical significance are shown in 
Table 4, also, individuals younger and older than 40 
years old, respectively, results are shown in Table 5. 

Table 2: The diameters (mm) of the arteries of the circle of 
Willis and statistical significancebetween male and female 

   
MALE 

    
 FEMALE 

   

Arteries AM SD SE min. max. AM SD SE min. max. T-test P-value 

ACA 2.12 0.29 0.02 1.1 2.93 2.04 0.23 0.01 1.2 2.7 2.5 0.01 

ACoA 1.52 0.26 0.03 0.9 2.4 1.49 0.18 0.02 0.9 2.1 0.78 0.05 

MCA 3.4 0.32 0.02 2.45 4.34 3.31 0.29 0.02 2.48 4 2.5 0.01 

ICA 3.8 0.14 0.02 3.45 4.2 3.79 0.22 0.01 2.81 4.15 0.51 0.05 

PCoA 1.2 0.2 0.01 0.9 2.1 1.26 0.23 0.02 0.9 2.1 2.24 0.05 

PCA 2.04 0.3 0.02 1.07 2.8 1.95 0.31 0.02 0.9 2.6 2.25 0.05 

BA 3.28 0.33 0.04 2.09 4.15 3.26 0.2 0.01 1.9 3.9 1.11 0.05 

 
AM = arithmetic mean; SD = standard deviation; SE = standard error; Min = minimum 
value; Max = maximum value; ACA = anterior cerebral artery; ACoA = anterior 
communicating artery; MCA = Middle cerebral artery; ICA = internal carotid artery; 
PCoA = posterior communicating artery;  PCA = posterior cerebral artery; BA =basilar 
artery, T = T-test, P>0.05 (not significant), P<0.05 (significant), P<0.01 (highly 
significant), P<0.001 (Very highly significant). 

As shown in Table 2, the mean diameters 
of the male vessels were larger than female, except 
PCoA which tended to be larger in female (p < 0.05). 
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There were distinctive differences among the ACoA, 
ACI and BA between male and female (p > 0.05), 
while ACA, PCA and MCA have larger calibres in 
male than female p < 0.01. In the individuals older 
than 40 years, ACA, MCA and PCA have a large 
diameter than another group with significance 
difference of MCA p < 0.01. Thus, average diameters 
of the proximal vessels which supply the CW were 
larger in older age subjects (afferent vessels), while 
the contrary was seen for the distal branches (efferent 
vessels) which tend to have smaller mean diameters 
in older subjects (Table 4). 

Table 3: The length (mm) of the arteries of the circle of Willis 
and statistical significance between male and female 

   
MALE 

    
 FEMALE 

   

Arteries AM SD SE min. max. AM SD SE min. max. T-test P-value 

ACA 2.12 0.29 0.02 1.1 2.93 2.04 0.23 0.01 1.2 2.7 2.5 0.01 

ACoA 1.52 0.26 0.03 0.9 2.4 1.49 0.18 0.02 0.9 2.1 0.78 0.05 

MCA 3.4 0.32 0.02 2.45 4.34 3.31 0.29 0.02 2.48 4 2.5 0.01 

ICA 3.8 0.14 0.02 3.45 4.2 3.79 0.22 0.01 2.81 4.15 0.51 0.05 

PCoA 1.2 0.2 0.01 0.9 2.1 1.26 0.23 0.02 0.9 2.1 2.24 0.05 

PCA 2.04 0.3 0.02 1.07 2.8 1.95 0.31 0.02 0.9 2.6 2.25 0.05 

BA 3.28 0.33 0.04 2.09 4.15 3.26 0.2 0.01 1.9 3.9 1.11 0.05 

AM = arithmetic mean; SD = standard deviation; SE = standard error; Min = minimum 
value; Max = maximum value; ACA = anterior cerebral artery; ACoA = anterior 
communicating artery; MCA = Middle cerebral artery; PCoA = posterior communicating 
artery; PCA = posterior cerebral artery; BA =basilar artery, T = T-test, P>0.05 (not 
significant), P < 0.05 (significant), P < 0.01 (highly significant), P < 0.001 (Very highly 
significant). 

 

Table 3 depicts and compares the length of 
vessel among males and females. The mean length 
of arteries in male was larger than female expect 
ACoA which is larger in female p < 0.01. Comparison 
of the length of vessels between the ages is shown in 
table 5. Even though ACoA, PCoA, PCA, BA have 
slightly increased length in subjects younger than 40, 
while ACoA and MCA were greater in subjects older 
than 40, though this was not a significant difference (p 
> 0.05) except ACA which have a larger length in 
younger subjects, with p < 0.001. 

Table 4: The diameters (mm) of the arteries of the circle of 
Willis and statistical significance between age 

  
<40 

   
≥40 

    
Arteries AM SD Min. max. AM SD min. max. T-test P-vale 

ACA 2.021 0.312 1.1 2.8 2.07 0.268 1 2.93 1.28 0.05 

ACoA 1.192 0.256 0.89 2.1 1.149 0.127 0.9 1.7 1.23 0.05 

MCA 3.325 0.262 2.7 3.9 3.411 0.354 2.45 3.41 2.25 0.01 

ICA 3.788 0.214 2.81 4.15 3.406 0.72 1.63 4.14 5.87 0.001 

PCoA 1.297 0.262 0.9 2.1 1.149 0.166 0.9 2.1 5.46 0.001 

PCA 1.979 0.357 0.9 2.8 2.028 0.262 1.03 2.55 1.27  0.05 

BA 3.46 0.465 1.9 5.2 3.21 0.331 2.09 3.89 3.66 0.001 

AM = arithmetic mean; SD = standard deviation; SE = standard error; Min = minimum 
value; Max = maximum value; ACA = anterior cerebral artery; ACoA = anterior 
communicating artery; MCA = Middle cerebral artery; ICA = internal carotid artery; 
PCoA = posterior communicating artery;  PCA = posterior cerebral artery; BA =basilar 
artery, T = T-test, P > 0.05 (not significant), P < 0.05 (significant), P < 0.01 (highly 
significant), P < 0.001 (Very highly significant). 

 

 

Discussion 

 

The circle of Willis is the main source of 

oxygen and nutritional supply to the brain. Previous 
studies have described the anatomy of the circle of 
Willis in cadaver [6, 11, 12]. While in our study the 
arterial dimensions of the circle of Willis will be 
described by Magnetic Resonance Angiography. 

Table 5: The length (mm) of the arteries of the circle of Willis 
and statistical significance between ages 

    <40       ≥40         

Arteries AM SD Min. max. AM SD min. max. T-test P-vale 

ACA 
14.32 1.65 8.9 21 13.6 0.96 10 19.7 4.27 0.001 

ACoA 
2.93 0.79 1 4.5 2.95 0.66 1.5 4.06 0.13 0.05 

MCA 
16.17 1.62 13.4 21.3 16.2 1.32 14 19.9 0.41 0.05 

PCoA 
15.86 3.05 3.4 20 15.5 2.08 6.89 19.3 0.85 0.05 

PCA 
6.62 1.2 3.2 9.9 6.55 0.97 3.5 9.8 0.58 0.05 

BA 
30.2 1.88 24 35 30.07 1.88 23.6 35.4 0.76 0.05 

AM = arithmetic mean; SD = standard deviation; SE = standard error; Min = minimum 
value; Max = maximum value; ACA = anterior cerebral artery; ACoA = anterior 
communicating artery; MCA = Middle cerebral artery; PCoA = posterior communicating 
artery; PCA = posterior cerebral artery; BA =basilar artery, T = T-test, P>0.05 (not 
significant), P < 0.05 (significant), P < 0.01 (highly significant), P < 0.001 (Very highly 
significant). 

 

In our study the average length of BA is 30.2 
mm (SD = 1.88, SE = 0.16) and diameter at its origins 
is 3.27 mm (SD = 0.33, SE = 0.04). There were no 
significant differences found on the length, between 
gender and age, while the diameter of the basilar 
artery is larger on subjects younger than 40 years 
old (SD = 0.46, p < 0.001).The study carried out by El 
Barhoun et al. showed that the BA diameter had a 
significant association with age in Australian 
population [13]. When comparing the data obtained 
from our study with the previous data published by 
Wollschaeger et al. (the diameter of BA is 3.28 mm 
while and length 31.91 mm) [14], Harish et al. 
(diameter is 3.63 mm, SD = 0.22 and length 29.9 
mm, SD = 2.9) [15]. The results achieved in our 
study are similar to the data published by 
Wollschaeger et al., whereas less similarity is seen 
with data published by Harish et al. on the population 
of India. 

PCA crosses over the oculomotor nerve and 
extends from BA to PCoA. In our study average 
diameter of PCA is 1.99 mm (SD = 0.31, SE = 0.01), 
which is lower value compared to the value of other 
authors Kamath et al. (2.2 mm) [15], Iqbal et al. (2.4 
mm) [11] though our results are close to the results 
published by Krabbe-Hartkamp et al (2 mm) [16]. 
While the length of PCA is 6.59 mm (SD = 1.09, SE = 
0.06), almost the same length result in Caucasian 
published by other authors [17, 18] and less 
comparable with the results South India [11, 15]. In 
length, there is no significant difference between age 
and sex, while the diameter of PCA is larger in 
male than female (p < 0.05), similar results are 
published by Maaly et al. [19]. 

PCoA is an important element of collateral 
circulation between the anterior and posterior circle of 
Willis. In our study, diameter of PCoA is 1.22 mm (SD 
= 0.2, SE = 0.01), while length is 12.93 mm (SD = 
0.92, SE = 0.08). There are no studies showing the 
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potential changes in the diameter in cadaver-brain 
arteries of the fixed brains in comparison to in vivo 
studies [20, 21]. Based on our study the diameter 
and the length in the male are larger than in female 
with significance p < 0.05 while the diameter of PCoA 
in individuals younger than 40 years is larger than 
another group (p < 0.001), compares with a length 
which is no significant between age. Thus, knowing 
the dimensions of the PCoA has its importance in 
neurological examinations related to cerebral 
ischemia and hypoplasia of the PCoA, and in 
neurosurgical operations, especially the clipping of an 
aneurysm located in this region [22]. 

The internal carotid artery (ICA) divides into 
ACA and MCA with larger dimensions and in PCoA 
with a smaller dimension. In our population the 
diameter of ICA was found to be 3.79 mm (SD = 0.19, 
SE = 0.01), similar results were shown by Karatas et 
al. (3.55 mm) [23] in Turkish population and Maaly et 
al. (3.72 mm) in the population of Egypt [19] while 
lower diameter results were published by Kamath et 
al. (4.2 mm) [15] in USA. The diameter of the ICA was 
significantly greater in the population younger than 40 
years old (3.78 ± 0.21) than in other groups (3.4, ± 
0.72, P < 0.001). There was no side-to-side difference 
between genders observed in our study; this does not 
compare with the study published by Krejza et al. 
which finds a significant difference between men and 
women [29]. Not finding significant differences in our 
study can be attributed to the genetics of our 
population. 

The diameter of MCA-proximal segment (M1) 
is (3.35, SD = 0.31, SE = 0.01) and length (15.75, SD 
= 1.15, SE = 0.07). Therefore, the internal vascular 
calibres observed in the MRA studies were slightly 
smaller about the ones observed of the external 
diameters in the anatomical studies (Gibo et al-1981, 
Krabbe-Hartkamp et al. 1998). So it is believed that 
this should be the reason why the Kosovo population 
has a smaller diameter than the other studies 
performed in the different population [11, 21]. 

ACA is one of the largest ending branches of 
ICA and supplies the medial surface of the cerebral 
hemisphere. In our study the inner diameters of ACA 
were found to be 2.09 mm, SD = 0.27, SE = 0.01 and 
length 13.96 mm, SD = 1.4, SE = 0.08. The diameter 
is larger in males than in females (p < 0.01), and 
slightly larger in individuals older than 40 years old. 
The length is significantly larger in the population 
younger than 40 years old (p < 0.001) and slightly 
larger in the male population. The diameter of ACA in 
Kosovo’s population is similar to the data from other 
authors from a different population [11, 19, 24, 25]. 

The anterior communicating artery (ACoA) 
arises from the ACA and is the important anastomosis 
because it connects the right and left ACA. Also, 
demarcates the junction between the pre and post 
communicating segment. The mean diameter of 
ACoA is (1.5, SD = 0.22, SE = 0.01) and length (2.74 

mm, SD = 0.62, SE = 0.05). Compared with the 
studies published in other populations a greater 
difference was obtained in the values gained from the 
population of Kosovo [12, 15, 26, 27]. The largest 
diameter is observed in the male population younger 
40 years old but without significant difference. The 
mean ACoA length in males is 2.6 mm SD = 0.59, 
while in females is 2.86 mm. The SD = 0.62 
represents a significant difference p <0.01 though the 
length was no significant in the population younger 
than 40-year-old. These findings in our study are 
similar with that have been previously published [11, 
19, 24, 25]. 

Thus, the diameters and lengths measured in 
our study are comparable with other brain-cadaver 
studies but especially with the MRA studies. The 
average diameters and lengths of ACA, PCA, MCA in 
males were significantly larger than females, and the 
average diameter of ACoA, BA, ICA were almost 
equal both on males and females, while the length of 
PCoA was significantly larger in females compared to 
males (p < 0.05). 

Therefore, since the length of PCoA was 
significantly larger in females than males (p < 0.05). 
Maaly and Ismail showed that ICA, BA, ACA, PCOA 
have smaller diameters in subject older than 40 years 
old [19]. Stefani et al. found that the diameter of 
the ACA was equal in both groups [28]. While in our 
study the diameter of ICA, PCoA, BA in subject older 
than 40 years, were significantly smaller than in 
individuals younger than 40 years old. The diameters 
of the ACA, PCA, ACoA were equal in both groups 
while diameter and length of MCA and ACoA were 
larger in individuals older than 40 years old. 

Thus, knowledge of the diameter and the 
length of the arteries of the circle of Willis have a 
great importance in interventional radiology for 
various endovascular interventions as well as during 
anatomy lessons. 

The results of our study show that some 
dimensions of the vessels have statistically significant 
difference according to age and sex. On the future 
studies, we will include a larger number of 
examinations to create a database for dimensions of 
arteries of the circle of Willis in Kosovo’s population.  

 

References 

1. Estomih Mtui, Gregoru Gruener, Peter Dockery; Fitzgerald's 
Clinical Neuroanatomy and neuroscience, 7th edition;2004; 50-62 

2. Dewhurst K.; Some letters of Dr. Thomas Willis (1621-1675); 
Med Hist. 1972;16(1):63-76. 
https://doi.org/10.1017/S0025727300017269 

 

3. Lo WB, EllisH The circle before willis: a historical account of 
intracranial anastomosiss; Neurosurgery. 2010;66;7-18. 
https://doi.org/10.1227/01.NEU.0000362002.63241.A5 
PMid:19935436  

 

4. Symonds C. The circle of Willis. Br Med J. 1955;1:119; 
https://doi.org/10.1136/bmj.1.4906.119 PMid:13219357  

https://doi.org/10.1017/S0025727300017269
https://doi.org/10.1227/01.NEU.0000362002.63241.A5
https://doi.org/10.1136/bmj.1.4906.119


 Shatri et aL. Gender and Age on Average Dimensions of Arteries Forming the Circle of Willis Study by Magnetic Resonance Angiography 
______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci. 2017 Oct 15; 5(6):714-719.                                                                                                                                                         719 

 

PMCid:PMC2061035 

5. Padget DH. The development of the cranial arteries in the 
human embryo. Contrib Embryol. 1948;32:206–261.  

6. Milenkovic Z, Vucetic R, Puzic M. Asymmetry and anomalies of 
the circle of Willis in fetal brain. Microsurgical study and functional 
remarks. Surg Neurol. 1985;24:563–570. 
https://doi.org/10.1016/0090-3019(85)90275-7 

 

7. Cromton MR. The pathology of ruptured middle cerebral 
aneurisms with special reference to the difference between the 
sexes. Lancet. 1962;2;421-25. https://doi.org/10.1016/S0140-
6736(62)90281-7 

 

8. Hillen B.The variability of the circulus arteriosus (Willisi); Order 
or anarchy. Acta Anat (Basel). 1987; 129:74-80. 
https://doi.org/10.1159/000146380 

 

9. Mikerezi I, Pizzetti P, Lucchetti E, Ekonomi M. Isonymy and the 
genetic structure of Albanian populations. Coll Antropol. 
2003;27(2):507-14. PMid:14746137  

 

10. Davim ALS, Neto JFS, Albuquerque DF. Anatomical variation 
of the superior cerebelar artery: a case study. J Morphol Sci. 2010; 
27(3–4): 155–6. 

 

11. Iqbal S. Average dimensions of the vessels at the base of brain 
and embryological basis of its variations. National Journal of Clinic 
Anatomy. 2013; 2(4):180-189. 

 

12. Robert M. Crowel, Richard B. Morawets; The anterior 
communicating artery has significance branches. Stroke. 
1977;8:272-273. https://doi.org/10.1161/01.STR.8.2.272 

 

13. El Barhou EN, Gledhill SR, Pitman AG. Circle of Willis artery 
diamters on MR angiography; An Australian reference database; J 
Med Imaging Radiat Oncol. 2009;53:248-260. 
https://doi.org/10.1111/j.1754-9485.2009.02056.x PMid:19624291  

 

14. Wollschager GI, Wollschager P. The Circle of Willis in Newton 
THI, Potts DG. Radiology of the skull and brain.Angiography 
Mosby Co., 1974, vol 2, book 2. 

 

15. Kamath S. Observations on the length and diameter of vessels 
forming the circle of Willis. Journal of Anatomy. 1981; 133(3):419–
423. PMid:7328048 PMCid:PMC1167613 

 

16. Krabbe-Hartkamp MJ, Van Der Grond J, De Leeuw FE, et al. 
Circle of Willis: morphologic variation on three-dimensional time-of- 
flight MR angiograms. Radiology. 1998; 207(1):103–112. 
https://doi.org/10.1148/radiology.207.1.9530305 PMid:9530305  

 

17. Milisavljevic M. Anastomoses in the territory of posterior 
cerebral arteries. Acta Anat. 1986;127:221-225. 
https://doi.org/10.1159/000146286 PMid:3788471  

 

18. Moore, David T, Chase JG, Arnold J, Fink J. 3D models of 
blood flow in the cerebral vasculature. Journal of Biomechanics. 
2006; 39(8):1454–1463. 
https://doi.org/10.1016/j.jbiomech.2005.04.005 PMid:15953607  

 

19. Maaly MA, Ismail AA. Three dimensional magnetic reso-nance 
 

angiography of the circle of Willis: Anatomical varia-tions in general 
Egyptian population. The Egyptian Journal of Radiology and 
Nuclear Medicine. 2011;42:405–12. 
https://doi.org/10.1016/j.ejrnm.2011.09.001 

20. Sacki N, Rhoton Al. Microsurgical anatomy of the upper basilar 
artery and posterior circle of Willis. J Neurosurg.1977;46;563-578. 
https://doi.org/10.3171/jns.1977.46.5.0563 PMid:845644  

 

21. Gibo H, Lenkey C, Rhoton Al. Microsurgical anatomy of supra 
clinoid portion of internal carotid artery. J Neurosurg. 1981;55;560-
574. https://doi.org/10.3171/jns.1981.55.4.0560 PMid:7277004  

 

22. Dzierżanowski J, Szarmach A, Słoniewski P, Czapiewski P, 
Piskunowicz M, Bandurski T, Szmuda T. The posterior 
communicating artery: morphometric study in 3D angio-computed 
tomography reconstruction. The proof of the mathematical 
definition of the hypoplasia. Folia Morpho. 2013; 73(3):286–
291.(2013). 

 

23. Karatas, H. Yilmaz, G. Coban, M. Koker, A. Uz: The anatomy 
of circulus arteriosus cerebri:A study in Turkish population. Turk 
Neurosurg. 2016;26(1): 54-61. PMid:26768869  

 

24. Kawther H, Nahla A, Fardous S. Anatomical variations of the 
circle of Willis in males and females on 3D MR angiograms. The 
Egyptian Journal of Hospital Medicine. 2007;26:106-121. 

 

25. Voljevica A, Talovic E, Pepic E, Kapic AP. Morphometric 
analysis of Willis circle arteries. Arch Pharma Pract. 2013;4:77-82. 
https://doi.org/10.4103/2045-080X.112988 

 

26. Perlmutter D, Rhoton AL. Microsurgical anatomy of th anterior 
cerebral – anterior communicating-recurrent artery complex. J 
Neurosurg. 1976; 45; 259-272. 
https://doi.org/10.3171/jns.1976.45.3.0259 PMid:948013  

 

27. Zurada A, Gielecki J, Tubbs RS, Loukas M, Maksymowicz W, 
Chlebiej M, Cohen-Gadol AA, Zawiliński J, Nowak D, Michalak M. 
Detailed 3D-morphometry of the anterior communicating artery: 
potential clinical and neurosurgical implications. Surg Radiol Anat. 
2011;33(6):531-8. https://doi.org/10.1007/s00276-011-0792-z 
PMid:21328075  

 

28. Stefani MA, Schneider FL, Marrone AC, Severino AG. In- 
Cerebral Vascular Diameters Observed during the Magnetic 
Resonance Angiographic Examination of Willis Circle. Brazilian 
archives of biology and technology an international journal. 
2013;56(1):45-52. https://doi.org/10.1590/S1516-
89132013000100006 

 

29. Krejza J, Arkuszewski M, Kasner SE, Weigele J, Ustymowicz 
A, Hurst RW, Cucchiara BL, Messe SR. Carotid artery diameter in 
men and women and the relation to body and neck size. Stroke. 
2006;37(4):1103-5. 
https://doi.org/10.1161/01.STR.0000206440.48756.f7 
PMid:16497983  

 

 

https://doi.org/10.1016/0090-3019(85)90275-7
https://doi.org/10.1016/S0140-6736(62)90281-7
https://doi.org/10.1016/S0140-6736(62)90281-7
https://doi.org/10.1159/000146380
https://doi.org/10.1161/01.STR.8.2.272
https://doi.org/10.1111/j.1754-9485.2009.02056.x
https://doi.org/10.1148/radiology.207.1.9530305
https://doi.org/10.1159/000146286
https://doi.org/10.1016/j.jbiomech.2005.04.005
https://doi.org/10.1016/j.ejrnm.2011.09.001
https://doi.org/10.3171/jns.1977.46.5.0563
https://doi.org/10.3171/jns.1981.55.4.0560
https://doi.org/10.4103/2045-080X.112988
https://doi.org/10.3171/jns.1976.45.3.0259
https://doi.org/10.1007/s00276-011-0792-z
https://doi.org/10.1590/S1516-89132013000100006
https://doi.org/10.1590/S1516-89132013000100006
https://doi.org/10.1161/01.STR.0000206440.48756.f7

