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ABSTRACT 

Objective: The purpose of the study was to examine the variations in arteries contributing in the 

formation of Circle of Willis in adult human brains from Nagpur region of Maharashtra. 

Material and methods: The external diameters of posterior cerebral artery (PCA), posterior 

communicating artery (PCOM), internal carotid artery (ICA), anterior cerebral artery (ACA) and 

anterior communicating artery (ACOM) in 50 male and 50 female brains were measured with 

verniercaliper. Photographs were taken and results studied by applying t.test and z test. 

Results: In this study 99% circles were complete.One circle with absent right sided PCA was 

found.Hypoplasia was noted in about 37 to 39% circles for PCA, about 39% circles for PCOM, 20% 

circles  for ICA, 44% circles  for ACA and 44% circles for ACOM.6% ACOM showed duplication. 

Regarding gender differences, hypoplasia of vessels overall was found to be more common in females 

than males. Duplication of ACOM was another finding found in female circles only. 

Conclusion: In present study it appears that there do exist variation in arteries forming circle of willis. 

Some preponderance to some arteries is also found in this study. Again male and female comparison is 

also helpful as it has revealed some significant findings. Such knowledge of circle of willis is of utmost 

importance to surgeons before performing any surgery related to ICA and also important for physicians 

to lead to conclusions in stroke and infarct patients where MRI can be used to find out status of arteries. 

Keywords: Circle of Willis, Anterior Cerebral Artery, Anterior Communicating Artery, Posterior 

Cerebral Artery, Internal Carotid Artery, Posterior Communicating Artery. 

 
INTRODUCTION 

Thomas Willis is considered as one of the greatest 

anatomist of all times. His name is associated with 

the Circle of Willis, an anastomotic circle at the 

base of the brain. His work also formed the 

foundation of basic neuroanatomical description 

and nomenclature and comparative neuroanatomy. 

Willis provided a complete description of this 

vascular pattern & indicated that he understood the 

probable function of the circle. (Cagatay Ûstun )1 . 

It is a circle that supplies blood to the brain and is 

also known as Willis Polygon. It comprises 

ofanterior cerebral artery, anterior communicating 

artery, posterior cerebral artery, internal carotid 

artery, posterior communicating artery.It is an 

anastomosis of basilar system and internal carotid 

system lying in the interpeduncular cistern. 

(Satheesha Nayak)2 

The Circle of Willis has an important role in 

maintaining a stable and constant blood flow to the 

cerebral hemisphere especially old people who 

may have reduced brain blood supply. The most 

common reason for this is senile arterioscelosis. 

Researchers have found a close correlation 
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between a low capacity circle and an increased 

risk of stroke.Collateral ability of circle of willis 

be best used when there is emergency which again 

depends on the size of lumen and  caliber of its 

component vessels. (K Ranil D De Silva)
 3 

Abnormalities in diameter of vessels forming 

circle of willis is found by many workers .Two 

reports appear in literature that of Alpers, Berry 

&Paddison(1959) & that of Fetterman & 

Moran(1941) stating that an external diameter of 

1mm & 0.5mm or less, respectively would be 

considered abnormal. (Sylvia Kamath) 4 

Against this background present study is carried 

out with following aims and objectives: 

1. To study the variations of vessels forming the 

circle of willis 

2. To find out any preponderance of variation in 

any particular vessel in this region. 

3. To find out differences in males and females if 

any. 

4. To compare the frequencies of different 

variants with previous autopsy studies 

 

MATERIAL AND METHODS 

The present study was carried out in the 

department of anatomy from July 2009 to August 

2011.It includes100 human brains (50 males and 

50 females) irrespective of the cause of death. 

Brains were obtained from Forensic department of 

IGGMC, Nagpur and from the cadavers in the 

dissection hall of our college. 

Steps in studying the circle of willis: 

1. Skull bones were carefully cut with hammer 

and chisel. Vault was removed and brain was 

taken out carefully after cutting the dura folds. 

2. The removed brains were dipped in water and 

then washed under running water  for 15 mins 

and now placed inverted over a clean surface to 

expose the base of brain; the water was soaked 

with tissue paper. 

3. The circle of willis was observed at the base of 

brain. Measurements of arteries forming the 

cicle of willis were taken with vernier calipers 

graduated to measure upto 0.5mm, at two 

different points and values were noted down on 

a preformed data sheet. 

4. Finally, photographs were taken with digital 

cameras in order to avoid errors due to different 

angles of view, images were taken almost 

perpendicular to the plane of the circles. 

Arteries of 1mm and less diameter were 

considered abnormal, barring the communicating 

arteries, where 0.5 mm and less was considered 

abnormal. 

The measurements were then subject to 

stastisticalanalysis 

 

Morphology of vessels forming Circle of Willis: 

 Segments from the following corresponding 

regions were included in study by K Ranil D De 

Silva5 as right and left internal carotid arteries 

(ICA) close to their distal ends, precommunicating 

and postcommunicating part of the anterior 

cerebral arteries (a1), (a2) and the posterior 

cerebral arteries (p1), (p2) close to their origin, 

right and left posterior communicating arteries 

(PCOA) at their middle point and anterior 

communicating artery (ACOA) (with its variations 

if present) at its middle point. (K Ranil D De 

Silva)5 

In this study following points were taken into 

consideration for measurement of the external 

diameter of arteries with the vernier calipers. 

A 1-PCA just before bifurcation on right side 

B 1- PCA after bifurcation on right side 

A 2- PCA just before bifurcation on left side 

B 2- PCA after bifurcation on left side 

C 1-PCOM near PCA right side 

D 1- PCOM near ICA right side 

C 2 - PCOM near PCA left side 

D 2- PCOM near ICA left side 

E 1-ICA before forming circle of willis on right 

side 

F 1- ICA after forming circle of willis on right side 

E 2- ICA before forming circle of willis on left 

side 

F 2- ICA after forming circle of willis on left side 

G 1-ACA at its origin on right side 
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H 1-ACA near ACOM on right side 

G 2- ACA at its origin on left side 

H 2-ACA near ACOM on left side 

Diameter of ACOM at its center point 

After the collection of data mean value of the 

measurements from the above two different points 

was taken out. Single value of right sided vessels 

was now ready for comparison with single value 

of left sided vessel. 

 

 

Statistical methods 

1) ARITHMETIC MEAN (X): It is most commonly used measure of central tendency . It is a 

simple expression showing the net result of series or group. 

 Formula: X=  ∑ xi 

                        n 
              where X=mean 

                        xi= ithobservation 

                        n=total number of observation 

 

2) STANDARD DEVIATION (SD):It is the most frequently used  measure of deviation. In simple 

terms , it is defined as ―Root-Means-Square-Deviation‖. 

For n>30                                            — 

a. For ungrouped data: SD=     (x-X)
2 

                                                        √ n       
                 where X= mean 

                                      n=total number of observation 

b. For grouped data: SD=     fd
2
 

                                           n 
                                where  d=deviation of items in series from mean 

                                            f=frequency of a particular class interval 

 

3)  't’ TEST OF SIGNIFICANCE:It is used to test significance of the difference between  two 

sample means.                                                                                                                                                                 

                     Formula:        |X1-X2| 

                                       t =  

                                           (S.D)1
2
 + (S.D)2

2 

                                              n1             n2 

                and  df-degree of freedom = (n1-n2) – 2 

where, X1 ,(S.D) 1& n1 –are mean,S.D& no. of items in 1st group 

           X2, (S.D)2& n2 –are mean,S.D& no. of items in 2nd  group 

 

4) STANDARD ERROR OF MEAN (SE):It is  a measure which enables us to judge whether the 

mean of a given sample is within the set of confidence limits or not. 

                     SE = SD 

                               N 
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5) Z-test (Z) : It is a measure that determines the significance of difference between     two sample 

means.It is a test to express the difference observed in terms of standard error (SE). 

 

                   Z=X1  – X2 

                        SE1 – SE2 

X 1 , SE1 –mean and standard error of 1st sample 

 X 2 , SE2 –mean and standard error of 2nd  sample 

RESULT 

Abbreviations used in table: 

%            :    percentage 

L             :    left 

R            :     right 

E            :     equal 

PCA       :     posterior cerebral artery  

PCOM    :     posterior communicating artery  

ICA        :     internal carotid artery  

ACA       :     anterior cerebral artery 

ACOM    :     anterior communicating artery 

 

Table 1: Frequency distribution of various types of circles 

Parameters Total % Male % Female % 

Complete 99 99 49 98 50 100 

Incomplete 1 1 1 2 0 0 

Symetrical 54 54 24 48 30 60 

Asymmetrical 46 46 26 52 20 40 

Complete & 

Symmetrical 

54 54 24 48 30 60 

PCA                   E 83 83 39 78 44 88 

                         R>L 12 12 6 12 6 12 

                         L>R 4 4 4 8 0 0 

                         AB 1 1 1 2 0 0 

PCOM              E 81 81 40 80 41 82 

                     R>L 11 11 5 10 6 12 

                     L>R 8 8 5 10 3 6 

                     AB 0 0 0 0 0 0 

ICA                   E 85 85 44 88 41 82 

                          R>L 10 10 4 8 6 12 

                          L>R 5 5 2 4 3 6 

                         AB 0 0 0 0 0 0 

ACA                 E 80 80 41 82 39 78 

                         R>L 9 9 7 14 2 4 

                         L>R 11 11 2 4 9 9 

ACOM   SINGLE 97 97 50 100 47 94 

DOUBLE 3 3 0 0 3 6 

TREBLE 0 0 0 0 0 0 

AB 0 0 0 0 0 0 

 



Saniya  H. Lade et. al. 
A STUDY OF VARIATION OF CIRCLE OF WILLIS IN ADULT HUMAN BRAINS IN NAGPUR REGION 

OF MAHARASHTRA,INDIA 

 

  Int  J  Cur  Res  Rev,  May 2014/ Vol  06 (09)  
Page 128 

 
  

Symmetrical circle:  Circle which has the external 

diameters of vessels on right side exactly equal to 

that on left side is the symmetrical circle. 

(Prof.E.Fawcett 1905)6. Circle with variation in 

external diameters of corresponding vessels are 

considered as asymmetrical circles. 

The arteries were measured and mean was 

taken.Normal measuring arteries, hypoplastic 

arteries and absent arteries were noted. 

Posterior cerebral artery: 63% of right sided 

arteries and 61% of left sided arteries were of 

normal measurement while 37% of right side and 

39% of left sided arteries were hypoplastic. One 

artery on right side in a male brain was found to be 

absent. 

Posterior communicating artery: 64% arteries 

on right side and 61% arteries on left side were 

normal. Hypoplasia was observed in 36% on right 

side and 39% on left side. 

Internal carotid artery: 80% of arteries were 

normal on both side while only 20% showed 

hypoplasia. 

Anterior cerebral artery: 56% arteries on right 

side and 58% arteries on left were normal .44% 

and 42% arteries on right and left side respectively 

showed hypoplasia. One circle of a male brain 

showed stenosis. 

Anterior communicating artery: 56% arteries 

were normal while 44% were hypoplastic. 

Gender differences 

 In posterior cerebral artery more percentage 

ofhypoplasia was seen in males (48%) than in 

females(42%). 2% of male brains show absent 

right sided artery.No aplasia was observed in 

female brains. 

There was a significant finding regarding 

hypoplasia of posterior communicating artery, 

internal carotid artery, anterior cerebral artery and 

anterior communicating artery. Frequency of 

hypoplasia was more in females than males. 

Posterior communicating  artery: Frequency of 

vessels measuring >0.5mm is more in females 

both for right (74%) and left(62%) as compared to 

males where the values are 54% for right and 60% 

for left. 

Internal carotid artery: In females hypoplasia is 

more (32%) as compared to males (8%) on both 

right and left side. 

Anterior cerebral artery: In males right sided 

artery is larger than left side in 14% circles which 

is more than females where the value is 

4%.viceversa is true where 9% of females show 

left sided artery larger than right .In males this 

value is only 2%. Frequency of hypoplasia is more 

in females with preponderance to right side 

(54%).Only 46% circles show hypoplasia on left 

side.Male circles show only 32% and 30% 

hypoplastic arteries on right and left side 

respectively. 

Anterior communicating artery:Frequency of 

hypoplasia is more common in females which is 

62% than males which is 26%.Duplication is seen 

in 3% of female circle .In present study 

duplication is 0% in male circles. 

 

Table 2: Mean diameters of vessels 

Artery Male     (in mm) Female   (in mm) 

Right Left Right Left 

PCA 1.63 1.58 1.66 1.57 

PCOM 0.95 0.96 1.09 1.09 

ICA 2.31 2.3 2.18 2.15 

ACA 1.63 1.56 1.3 1.37 

ACOM 1.04 0.73 

RESULTS OF STATISTICS 

Z test is applied for comparison between male and 

female values. 

P value is significant for ACA i.e 0.013235.Mean 

diameter of ACA in male circles is more than 

females.  
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P value is also significant for ACOM i.e 0.001209. 

Mean diameter of ACOM in males is larger than 

females. 

DISCUSSION 

The study reveals some unknown facts regarding 

vessels contributing in formation of CirleOf Willis 

in adult human brains in Nagpur region with 

preponderance to some arteries.Complete circles 

are more common with aplasia of any vessel being 

a rare finding. (Prof. E Fawcett)6 

Aplasia of PCA on right side is noted in one male 

brain which is a significant finding with no 

literature coinciding with this finding. 

Frequency of hypoplasia in ICA is more as 

compared to previous findings. In present study it 

is 20%. It means that people in this region have 

more hypoplastic ICA as compared to other places 

when the previous literatures are reviewed. 

ACA again show higher percentage of hypoplasia  

(44%) which is too high to coincide with the 

previous studies. Abubakhr7and Bertram8revealed 

only 0.7% and 10% hypoplasticACA.Stenosis is 

noted on left side which is very significant finding 

in present study. 

Hypoplasia is a common finding in 

communicating vessels which is a finding in this 

study also.Range of hypoplasia is very wide from 

0.2% to 86% as literature states.Bertram8 noted 

duplication as most common abnormality.In 

present study 6% of ACOM showed duplication 

which can be compared to the finding of Prof. 

Fawcett6 which is 7.2%. 

Symmetrical circles are more common in females 

than males. 

Mean diameter of anterior cerebral artery is 

significantly larger in males than in females. 

(p<0.05) Mean diameter of anterior 

communicating artery in males is significantly 

larger than females. (p<0.05).Posterior cerebral 

artery is absent in one  male case. No absence of 

any artery is noted in females. Frequency of 

hypoplasia is significantly higher in females than 

in males for both sided anterior cerebral artery 

duplication of anterior communicating artery is 

higher in females than males. 

 

CONCLUSION 

We can concludethat, the findings of study are 

very important from surgeons point of view.There 

is a close correlation between a low capacity circle 

of willis and an increased risk of stroke. Degree of 

stenosis decides incidence of a particular stroke 

pattern. Hypoplastic posterior communicating 

artery is one of the common finding in this study. 

A small or absent ipsilateral posterior 

communicating artery is a risk factor for ischaemic 

cerebral infarction in patients with internal carotid 

artery occlusion. After the occlusion of an internal 

carotid artery the principal source of collateral 

flow is through the arteries of the circle of willis, 

but the size and patency of these arteries are quite 

variable. Study of the anatomy of the collateral 

pathways in patients with internal carotid artery 

occlusion with or without infarction in the 

watershed area of the deep white matter may 

identify patterns that afford protection from 

ischaemic infarction.Hypoplasia of internal carotid 

artery is more common in females as compared to 

males. 

Stenosis of anterior cerebral artery which is one of 

our finding is a risk factor for ischaemia in 

anterior part of cerebral hemisphere. Hypoplasia is 

a comparatively more in females than in males. 

Hypoplasia of anterior communicating artery is 

seen in this study. Duplication is more common in 

females than in males. Studies show that 

duplication of any artery is a site of structural wall 

weakness and may lead to aneurysm which is 

more common in anterior communicating artery 

Thus from present study it appears that there do 

exists variation in arteries forming Circle of 

Willis. Some preponderance to some arteries is 

also found in this study. Again male and female 

comparison is also helpful as it has revealed some 

significant findings. Such knowledge of Circle of 

Willis is of utmost importance to surgeons before 

performing any surgery related to internal carotid 
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artery and also important for physicians to lead to 

conclusions in stroke and infarct patients where 

MRI can be used to find out status of arteries. 
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