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Introduction
The circle of Willis (cW), a potential collateral pathway 
at the base of brain, is a subsidiary network of vascular 
channels that stabilises cerebral blood flow when 
principal conduits fail. Considerable variability exists in 
the anatomy of cW with frequent asymmetry while an 
ideal configuration is seen in a minority of cases.
The importance of this circular anastomosis becomes 
evident while determining the adequacy of brain 
circulation in operations of cerebral aneurysms and 
ligation of carotid artery. The adequacy of recovery or 
lack of recovery after vascular occlusion partly depends 
upon the anatomical state of cW – normal or anomalous. 
7% incidence of hemiplegia following carotid artery 
occlusion has been attributed to congenital absence 
of posterior communicating artery [1]. Hence a good 
knowledge of the anatomy of cW and its variations 
becomes essential.
The incidence of anomalies is varied, ranging from 11-
73% [2] or even more. It gains importance in carotid 
ligation, reperfusion in case of obstruction of feeding 
vessels, surgical treatment of cerebral aneurysms whose 
post-operative recovery depends on the co-existence of 
anomalies in the circle which determines the adequacy 
of collateral circulation.
For implementing new surgical techniques and invasive 
procedures, their operative and post-operative success 
have to be asserted before hand by doing experiments 

and trials. For this purpose, animal models have to be 
created which simulate the humans. 
Various animals have been used in research to study 
the effects of drugs on cerebral circulation, quantitative 
analysis of cW and its branches and to try out new surgical 
techniques. Animal models have been created to elucidate 
the post treatment pathologic and hemodynamic changes. 
Animals with experimentally induced atherosclerosis 
have also been used for research purposes [3].
Anatomical knowledge about similarities and differences 
in the arterial pattern of humans and other mammals used 
becomes essential for comparison of the results and their 
implications in man. The information available regarding 
the pattern of circulus arteriosus cerebri in mammals in 
the recent past is inadequate.
Hence, there is a need to study the anatomy of cerebral 
circulation including cW in animals, to determine the 
similarities and differences. Research work regarding this 
being scant, instigated the pursuance of the present study.
A comparative study was done and the following 
parameters (objectives) were studied: 1) Vessels forming 
the cW, 2) Diameters of the vessels forming the cW, 3) 
Variations noted in the pattern of the cW.
Material and Methods
Ten brain specimens each of the human, cow, sheep, goat 
and pig needed for the study were collected as mentioned 
below. The formalin fixed human brains were collected 
from the cadavers. 
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ABSTRACT

The circle of Willis in animals can be used to create models that simulate man in order to conduct experiments 
and trials. For this, a detailed comparative morphological study becomes essential.
The objectives of the present study are to note the configuration of circle of Willis, measure the diameter of 
vessels forming it, and observe for variations. The study included ten brain specimens each of cow, sheep, goat, 
pig and man. 
The internal carotid artery formed an integral part but the posterior cerebral artery was not so in the animal 
specimens studied when compared to that of man. The anterior communicating artery was in the form of 
network in the animals while it was a single vessel in man. 
The posterior communicating artery was proportionately larger in animals than in man. The basilar artery was 
seen to originate from the circle of Willis in the ruminants.
Absence of anterior communicating artery was the most common anomaly noted among the animals studied 
(10-20%). In man, the anomalies were varied in both anterior (50%) and posterior (80%) halves of the circle. 
The reason for the above differences noted and for anomalies occurring more in humans can be attributed 
to presence or absence of contribution of the vertebro-basilar arterial system to the circle of Willis and its 
consequences. © Neuroanatomy. 2008; 7: 54–65.
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Brain removal was done by sawing the calvaria manually 
1 cm above the supra orbital margin anteriorly and 
external occipital protuberance posteriorly. Once the 
calvarium was removed, the dura was opened by making 
a cruciform incision. The brain was detached by retracting 
the brain backwards and cutting the falx cerebri from 
its attachment to frontal crest and crista galli, olfactory 
nerves, optic nerve, internal carotid artery, occulomotor 
and trochlear nerves as and when they were encountered. 
The attached margin of tentorium cerebelli was incised 
to facilitate removal of brainstem and cerebellum intact 
with the cerebral hemispheres. While doing so, the 
remaining cranial nerves were cut as and when they were 
encountered. The vertebral arteries and spinal medulla 

were divided. The intact brains thus removed from the 
cranial cavity were stored in formalin containers [4].
The heads of sheep, goat and pig were obtained from the 
slaughterhouses immediately after they were sacrificed. 
The heads were brought in 10% formalin containers 
to department of Anatomy, Kempegowda Institute of 
Medical Sciences, Bangalore. They were immediately 
washed in water to remove the debris. 10% formalin was 
injected to the carotid arteries after flushing them with 
water. Then, the heads were immersed in formalin for 
four weeks. After this, the removal of brain was done as 
in human cadavers. The brains of cow were brought from 
the slaughterhouse and were immersed in 10% formalin 
for fixation.
After fixation, the base of brain in each specimen was 
cleaned and the cW was identified. The arachnoid mater 
was removed from the arteries and areas around it, to 
facilitate accurate measurements. The specimens were 
duly numbered.
The circle of Willis was studied in detail in each 
specimen with reference to its formation and variations. 
The formation was compared among the species under 
study. The external diameter of all the arteries forming 
the cW was measured using slide calipers with vernier 
attachment (Figure 1). Anterior communicating artery 

Figure 1. Slide calipers with vernier attachment. Color version of 
figure is available online.

Figure 2. Anatomy of the circle of Willis in cow/ox. Color version of 
figure is available online.

Figure 3. Anatomy of the circle of Willis in sheep. Color version of 
figure is available online.
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Figure 4. Anatomy of the circle of Willis in goat. Color version of 
figure is available online.

Figure 5. Anatomy of the circle of Willis in pig. Color version of 
figure is available online.
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was not measured in the animals as it was in the form of a 
fine plexus. Magnifying lens was used wherever necessary. 
After the observations were made, the moisture over the 
arteries was removed using filter paper and dehydrated 
using acetone. The arteries were painted using red enamel 
paint. This was done to enhance the contrast while taking 
photographs. Each specimen was photographed using a 
digital camera with different magnifications for better 
clarity of the variations noticed.
Results
The results were noted as per the objectives mentioned.
Vessels forming the circle of Willis
The components of the cW have been tabulated in Table 
1 and 2 as those present in the anterior half and posterior 
half.
The foremost difference was with that of the internal 
carotid artery. In the animals studied, the internal carotid 
artery traversed a long course forming an integral part of 
the cW before dividing into the terminal branches namely, 
the anterior and the middle cerebral artery. Whereas in 
man, the internal carotid artery was just a connection point 
between the anterior and middle cerebral artery and thus 
did not form an integral part of the cW (Figures 2–6).

The distinct finding was that the anterior communicating 
artery was in the form of a network in the animals 
studied when compared to that of man where it was a 
single artery (Figures 2–6). 
Another important finding was that the posterior cerebral 
artery was a branch of basilar artery in man but a branch 
of posterior communicating artery in case of the animals 
studied.
Comparison of the diameter of vessels forming the 
circle of Willis
Average diameters of each of the vessels forming the cW 
have been tabulated (Tables 3–6). The caliber of anterior 
communicating artery and posterior cerebral artery were 
not measured in animals because, the former was in the 
form of a fine plexus and the latter was not a part of cW.
In Table 3, which shows the average diameter of internal 
carotid arteries, it is seen that the diameter is consistent 
and more or less the same on the right and left sides in all 
the animals under study and humans.
The same observation is noticed in Tables 4 and 
5, which compare the average diameters of anterior 
cerebral arteries and posterior communicating arteries 
respectively. 

Figure 8. Absence of anterior communicating artery in cow (C3) 
specimen. Color version of figure is available online.

Figure 9. Absence of anterior communicating artery in sheep (S13). 
Color version of figure is available online.

Figure 6. Anatomy of the circle of Willis in man. Color version of 
figure is available online.

Figure 7. Large caliber vessels of circle of Willis in cow (C2) 
specimen. Color version of figure is available online.
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Figure 10. Absence of anterior communicating artery in goat (G26). 
Color version of figure is available online.

Figure 11. Components of circle of Willis in man. Color version of 
figure is available online.

Figure 12. Non-communication between posterior cerebral artery 
with posterior communicating artery in human (H42) specimen. Color 
version of figure is available online.

Figure 13. Island formation in the right anterior cerebral artery in 
human (H43 and H45) specimen. Color version of figure is available 
online.

It can be observed that the internal carotid artery and 
anterior cerebral artery of man is nearly double the size 
when compared to that of animals studied. But the same 
difference is not seen in case of posterior communicating 
artery, which indicates that it has regressed in size during 
development in case of man.
In Table 6, the average diameter of the basilar artery has 
been shown at two levels: 1) the upper border of pons, 2) 
the lower border of pons.
When the diameters were compared at both levels, a 
significant feature was noticed in cow, sheep and goat. It 
is seen that, the average diameter of basilar artery is more 
at the upper border of pons when compared to that at the 
lower border of pons (almost reduced by 50%). In pig, 
the average diameter of basilar artery is more or less the 
same at both the levels. In man, the average diameter of 
the same artery at the upper border of pons is decreased 
when compared to that at the lower border of pons.
Variations in the pattern of circle of Willis
The variations in the cW were noted in each animal 
studied individually.

In Cow (No. C1-10). In the 10 specimens studied, two 
variations were noticed in specimens 2 and 3. 
In specimen 2, the circle was complete. The variation 
noticed was that, the diameter of all the vessels forming 
the circle was significantly larger when compared with 
that of other cow specimens (Table 7, Figure 7). 
In specimen 3, the circle was incomplete due to absence 
of the anterior communicating network (Figure 8). All 
other vessels forming the circle were normal  
In Sheep (No. S11-20). Out of the 10 specimens studied, 
only two of them show the same type of variation. In 
specimens 13 and 20, the circle was incomplete. This 
was due to the absence of anterior communicating 
network. Other vessels in the circle of both specimens 
were normal (Figure 9).
In Goat (No. G21-30). In all the 10 specimens studied, 
only one variation was noticed. In specimen 26 and 27, 
the circle was incomplete. This was due to the absence 
of anterior communicating network. Other vessels in the 
circle of both specimens were normal (Figure 10).
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Figure 14. The foetal type of PCA in Human (H46) specimen. Color 
version of figure is available online.

Figure 18. Nonfusion of PCA and PCoA on the right side and Fusion 
of the ACA due to absence of ACoA in human (H 48) specimen. Color 
version of figure is available online.

Figure 16. String like posterior communicating arteries in human 
(H47) specimen. Color version of figure is available online.

Figure 15. Median artery of corpus callosum in the Human (H46) 
specimen. Color version of figure is available online.

Figure 17. Absent anterior communicating artery seen only after 
retracting the cerebral hemispheres in human  (H47) specimen. Color 
version of figure is available online.

Figure 19. Foetal type of PCA on the right side and nonfusion of PCA 
and PCoA on the left side in human (H50) specimen. Color version of 
figure is available online.

In Pig (No. P 31-40). No variation was noticed in any of 
the 10 specimens studied. The circle of Willis showed a 
consistent pattern in all specimens
In Humans (No. H41-50). Out of the10 specimens studied, 
variations were noticed in 7. Among these 7 specimens, 
3 showed single anomalies and 4 showed multiple 

anomalies. Some anomalies noted have been defined and 
put forward before discussing the anomalies.
Definition of anomalies
Median artery of corpus callosum. Third anterior 
cerebral artery arising from anterior communicating 
artery is called as median artery of corpus callosum. 
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Table 1. Comparison of vessels forming the anterior half of the circle 
of Willis.

Specimen ICA ACA ACoA

Cow P P Network

Sheep P P Network

Goat P P Network

Pig P P Network

Human P P Single vessel

(P: present; ICA: Internal carotid artery; ACA: Anterior cerebral artery; ACoA: 
Anterior communicating artery) 

Table 4. Comparison of average diameter of anterior cerebral 
artery.

Specimen Right (cms) Left (cms)

Cow 0.0926 0.0906

Sheep 0.0914 0.092

Goat 0.0906 0.0904

Pig 0.094 0.0948

Human 0.1806 0.1782

(cms: centimeters) 

Table 2. Comparison of vessels forming the posterior half of the circle 
of Willis.

Specimen PCoA PCA

Cow P A

Sheep P A

Goat P A

Pig P A

Human P P

(P: present; A: Absent; PCoA: Posterior communicating artery; PCA: Posterior 
cerebral artery) 

Table 5. Comparison of average diameter of posterior  communicating 
artery.

Specimen Right (cms) Left (cms)

Cow 0.1022 0.0996

Sheep 0.1058 0.1074

Goat 0.1004 0.0962

Pig 0.0866 0.0882

Human 0.1138 0.124

(cms: centimeters) 

Table 3. Comparison of average diameter of internal carotid artery.

Specimen Right (cms) Left (cms)

Cow 0.1322 0.1316

Sheep 0.1412 0.1406

Goat 0.1224 0.1223

Pig 0.1188 0.1186

Human 0.3654 0.3588

(cms: centimeters) 

Table 6. Comparison of average diameter of basilar artery.

Specimen UP (cms) LP (cms)

Cow 0.1156 0.066

Sheep 0.1368 0.0696

Goat 0.1678 0.0732

Pig 0.094 0.0932

Human 0.3248 0.3516

(UP: upper border of pons; LP: lower border of pons; cms: centimeters) 

Table 7. Comparison of diameter of vessels of C2 with the average rest of cow specimens in cms.

ICA ACA PCoA PCA

Specimen RT LT RT LT RT LT RT LT

C2 0.208 0.202 0.126 0.136 0.206 0.206 0.202 0.11

Average of C1 and 
C3 to C10

0.123 0.114 0.08 0.091 0.082 0.079 0.095 0.056

(ICA: Internal carotid artery; ACA: Anterior cerebral artery; PCoA: Posterior communicating artery; PCA: posterior cerebral artery cms: centimeters) 
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Table 8. Classification of anomalies of circle of Willis in man.

Type of anomaly Number Percentage

Absent vessels 2 20%

Accessory vessels 3 30%

String like arteries (<1mm) 3 30%

Anomalous origin 2 20%

Incomplete circle 3 30%

Total number of circles 
showing anomalies 7 70%

Table 9. The incidence of variations of circle of Willis among all the 
specimens.

Specimen Number Anomalies Percentage

Cow 10 2 20%

Sheep 10 2 20%

Goat 10 2 20%

Pig 10 0 0%

Human 10 7 70%

Table 10. Comparison of complete and incomplete circles.

Specimen Complete circle Incomplete circle

Cow 9 1

Sheep 8 2

Goat 8 2

Pig 10 0

Human 7 3

This, when present accompanies the regular anterior 
cerebral arteries.
String like vessels. Any component vessel whose diameter 
is less than 1 mm (0.1 cm) is called a string like vessel 
in man.
Embryonic / foetal origin of posterior cerebral artery. 
A narrow segment of P1 segment of posterior cerebral 
artery and continuation of posterior communicating 
artery with P2 segment of posterior cerebral artery is 
called foetal origin of posterior cerebral artery (Figure 
11). This retention of the embryonic origin i.e posterior 
cerebral artery originally is a branch of internal carotid 
artery.
Island formation. The splitting of the A1 segment of 
anterior cerebral artery to rejoin again is called as island/ 
buttonhole formation. 

The respective variations in humans are described below:
Case 1 (Specimen H42). In this specimen, the circle was 
incomplete. The posterior communicating artery did not 
anastomose with the posterior cerebral artery on the right 
side. The posterior cerebral artery coursed posteriorly 
winding round the upper border of pons. All other vessels 
forming the circle were normal (Figure 12).
Case 2 and 3 (Specimen H43 and H45). In these 
specimens, the circle was complete. The anomaly seen 
was island formation. The anterior cerebral artery split 
and rejoined forming a loop at its junction with the 
anterior communicating artery on the right side. All other 
vessels forming the circle were normal (Figure 13).
Case 4 (Specimen H46). In this specimen, the circle was 
complete with three anomalies. There was asymmetry in 
the posterior cerebral arteries. The diameter of posterior 
cerebral artery was reduced on the left side (0.158 cms) 
when compared to the right side (0.190). The caliber 
of posterior cerebral artery was decreased which was 
compensated by a large posterior communicating artery 
(diameter 0.216 cms) on the same side (Figure 14). Along 
with the regular anterior cerebral arteries, another was 
seen to arise from the anterior communicating artery 
(median artery of corpus callosum) (Figure 15). Among 
the three arteries, the left was comparatively smaller in 
caliber and immediately split into smaller branches. The 
right posterior communicating artery was string like 
(0.094 cms). 
Case 5 (Specimen H47). In this specimen, the circle 
was complete with two anomalies. The posterior 
communicating arteries were thin in caliber. The diameter 
of posterior communicating artery was 0.088 cms on the 
right side and 0.092 cms on the left side. The anterior 
communicating artery was absent. The anterior cerebral 
arteries had anastomosed here, thus compensating for 
the absent anterior communicating artery. Other vessels 
in the circle were normal (Figure 16 and 17).
Case 6 (Specimen H48). In this specimen, the circle 
was incomplete and showed 3 anomalies. The anterior 
communicating artery was absent which was compensated 
by anastomosis between anterior cerebral arteries of 
both sides. Another variation seen was thin posterior 
communicating arteries. The diameters were 0.072 cms 
and 0.082 cms on the right and left side respectively. 
The posterior communicating artery did not anastomose 
with the posterior cerebral artery thus making the circle 
incomplete (Figure 18).
Case 7 (Specimen H50). In this, the circle was incomplete 
with 2 anomalies and asymmetrical in the posterior half. 
The posterior cerebral artery was smaller in diameter 
on the right side (0.088 cms) than on the left side (0.168 
cms). The reduced caliber of the posterior cerebral artery 
on the right side was compensated by the increase in 
diameter of the posterior communicating artery on the 
same side (0.190 cms). On the left side, the posterior 
communicating artery was not anastomosing with the 
posterior cerebral artery of the same side (Figure 19).
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Table 12. Comparison of average of ACA/ICA and PCoA/ICA among 
the specimens studied.

Specimen AvACA/AvICA % AvPCoA/AvICA %

Cow 0.0916/0.1319 69 0.1009/0.1319 76

Sheep 0.0917/0.141 65 0.1066/0.141 76

Goat 0.0905/0.1224 74 0.0983/0.1224 80

Pig 0.0944/0.1187 80 0.0874/0.1187 74

Human 0.1794/0.3621 50 0.1189/0.3621 33

(ICA: Internal carotid artery; ACA: Anterior cerebral artery; PCoA: Posterior 
communicating artery; Av: average) 

Table 13. Comparison of incidence of absence of anterior 
communicating artery in sheep.

Study (Author)
Number of 
specimens

Specimens showing 
anomaly

%

Kanchan Kapoor 25 4 12%

Present study 10 2 20%

Table 14. Comparison of incidence of absence of anterior 
communicating artery in goat.

Study (Author)
Number of 
specimens

Specimens showing 
anomaly

%

Kanchan Kapoor 25 3 12%

Present study 10 2 20%

Table 15. Comparison of anomalies in the anterior and posterior 
halves of circle in man among different workers.

Study (Author) Anomalies in the anterior half Anomalies in the posterior half

Alpers 14.60% 42%

Riggs and Rupp 12.90% 33.11%

Vare 43% 36.80%

Jayashree 64% 35%

Jain 29.16% 51.30%

Present study 50% 80%

Table 11. The comparison of diameter of vessels forming circle of Willis (Human) in the present study with that of Kamath S in cms.

ICA ACA PCoA PCA ACoA B

Specimen RT LT RT LT RT LT RT LT

Kamath S 0.42 0.42 0.22 0.24 0.15 0.13 0.21 0.23 0.19 0.35

Present study 0.37 0.36 0.18 0.18 0.11 0.12 0.19 0.20 0.114 0.3248

(ICA: Internal carotid artery; ACA: Anterior cerebral artery; PCoA: Posterior communicating artery; ACoA: Anterior communicating artery; PCA: Posterior cerebral 
artery; B: basillar artery; cms: centimeters) 

The anomalies in man that have been noticed and 
described so far have been classified and the percentages 
are shown in Table 8. 
Comparison of the incidence of anomalies among all the 
specimens studied are shown in Table 9. From this table 
it is seen that the number of anomalies are the highest in 
man. This is followed by cow, sheep and goat. Pig does 
not show any variations.
Table 10 shows the comparison of complete and 
incomplete circles among the animals studied and man. 
It is seen that incomplete circles are seen in all specimens 
except the pig specimens. It is the highest in man (30%). 
This is followed by sheep and goat in equal frequencies 
(20%). In cow, it is seen in only one specimen (10%). But 
in pig, all the circles are complete.
Discussion
Vessels forming the circle of Willis
When the findings of the animals under study are 
compared with that of man, it is seen that, there are some 
differences in the configuration of cW as noted below: 

1) In the animals under study, a considerable length of 
the internal carotid artery takes part in the formation 
of cW. In man, the internal carotid artery forms only a 
link between the anterior cerebral artery (anterior half) 
and posterior communicating artery (posterior half), 
since, internal carotid artery is the one which gives 
rise to these arteries. It does not run a course as long as 
those in the animals studied here (Figures 2–6).

2) The anterior communicating artery was in the form 
of a fine network of vessels in the animals studied 
whereas in man, it was a single vessel.

3) In the animals studied, posterior cerebral arteries 
originated from the posterior communicating arteries 
and so did not form a part of the cW (Figures 2–5). 
But in man, posterior cerebral arteries were an 
integral part of the circle (Figure 6). Hence in these 
animals, the posterior communicating arteries form 
the posterior half of the cW. In man, it is formed by 
the posterior communicating arteries and posterior 
cerebral arteries that arise from the basilar artery. 
The reason behind this could be in the evolution of 
the cW. In the animal species the main arterial supply 
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Table 16. Comparison of anomalies in the anterior half of circle of 
Willis.

Specimen Cow Sheep Goat Pig Human

Absent vessels 1 2 2 0 2

Median artery of CC 0 0 0 0 1

Anomalous origin 0 0 0 0 0

Island formation 0 0 0 0 2

Percentage 10% 20% 20% %0 %50

(CC: corpus callosum) 

Table 17. Comparison of anomalies in the posterior half of circle of 
Willis.

Specimen Cow Sheep Goat Pig Human

Absent vessels 0 0 0 0 0

Thin PCoA 0 0 0 0 3

Foetal origin of PCA 0 0 0 0 2

Non fusion of PCA and 
PCoA

0 0 0 0 3

Percentage 0% 0% 0% 0% 80%

(PCA: Posterior cerebral artery; PCoA: Posterior communicating artery) 

Table 18. Comparison of percentage of incomplete circles in anterior 
and posterior halves of circle of Willis.

Specimen
Percentage of  incomplete 
circles in the anterior half

Percentage of incomplete 
circles in the posterior half

Cow 10% 0%

Sheep 20% 0%

Goat 20% 0%

Pig 0% 0%

Human 0% 30%

Table 19. Comparison of incidence of aneurysms and anomalies in 
man among different workers.

Specimen Percentage of aneurysms Percentage of anomalies

Alpers 22% 52.30%

Jayashree and Sadasivan 0% 82%

Vare and Bansal 9.14% 73.42%

Raja Reddy and Dayananda 
Rao

0% 46.70%

Present study 0% 70%

to the brain is by the carotid system with minimal 
contribution from the vertebral system. As evolution 
occurs, in man, the vertebral system contributes to 
supply the occipital lobes of the cerebrum. As a result, 
the posterior cerebral and posterior communicating 
arteries undergo changes as seen.

All these findings coincide with the findings of the 
literature of the earlier years [5–7].
The diameter of vessels forming the circle of Willis
The circle of Willis was completed posteriorly by 
posterior communicating arteries which are much larger 
in sheep. As a result, the blood supply of brain in sheep is 
mainly by the carotids [8].
The posterior communicating arteries are larger in 
caliber and increased in length in sheep and goat than 
in other animals studied (dog, rabbit, and monkey). 
The contribution of vertebral blood into the circulus 
arteriosus is negligible in case of ruminants (sheep and 
goat). In ruminants, most of the brain was supplied by 
anastomosing branches of carotid system including the 
anterior, middle and posterior cerebral arteries [3].
Measurements of the external diameter of vessels 
forming the cW in humans have been done in only one 
study [9]. Table 11 compares these measurements with 
that of present study.
When the measurements of both studies are observed, 
the diameters are more on the left side than the right 

side. This indicates that the blood flow is more to the left 
hemisphere, which is usually the dominant hemisphere. 
The average diameter of vessels forming the cW in 
the present study is shown in Tables 3–6. When the 
diameters of all the vessels measured are compared, it is 
seen that, the caliber is larger in man. The reason behind 
this finding could be due to increase in size of the brain, 
especially the cerebral hemispheres. This requires an 
increase in blood flow which is compensated by increase 
in the caliber of vessels. 
In cow, sheep, goat and pig, when the ratios of the diameter 
of anterior cerebral artery and internal carotid artery 
and that of posterior communicating artery and internal 
carotid artery are compared (Table 12). They are more 
or less the same. Whereas in man, the anterior cerebral 
artery is half the diameter of internal carotid artery and 
the posterior communicating artery is reduced to one 
third the diameter of internal carotid artery. 
The anterior cerebral artery is two thirds the diameter of 
internal carotid artery in the above animals whereas the 
same artery is reduced to half the diameter of internal 
carotid artery in man. This could be because, the anterior 
cerebral artery is the continuation of internal carotid 
artery in case of the animals under study. In man, middle 
cerebral artery is the continuation of internal carotid 
artery whereas the anterior cerebral artery is regarded 
as a smaller terminal branch of internal carotid artery. 
Hence proportionately, anterior cerebral artery might 
have reduced in caliber in man.
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Table 12 also shows that the caliber of posterior 
communicating artery is more than 70% of the caliber 
of internal carotid artery in all the animals studied. But 
in man, the caliber of posterior communicating artery 
is less than 35% of the caliber of internal carotid artery. 
By this analysis, it can be inferred that, the posterior 
communicating arteries are larger in the ruminants and 
pigs. This shows that, in animals a large quantity of blood 
flows through the posterior communicating arteries to 
the posterior aspect of the cerebrum. This indicates that 
the carotids are the main arteries supplying blood to the 
brain in these animals. Whereas, in man, the caliber of 
posterior communicating artery is smaller indicating that, 
the blood flow through it is less. The reason could be due 
to the additional contribution of blood to the posterior 
aspect of the brain by the vertebrals through the cW. 
The diameter of basilar artery
In goats, it has been shown that, direction of blood is caudal 
in the basilar artery. The anastomosis between vertebral 
and basilar is small. According to them, the basilar artery 
has been considered as a branch of cW [10].
In sheep and ox, the basilar artery reduces in caliber as it 
courses down to anastomose with the ventral spinal artery. 
The direction of blood has been determined to be away 
from the circle indicating that it is a branch of cW [8].
In the present study, reduction in caliber of the basilar 
has been shown by measuring its diameter at the upper 
and lower border of pons in cow, sheep and goat (Table 
6). In these animals, there is a considerable difference 
in caliber of basilar artery at the two levels. Since the 
basilar artery reduces in caliber as it courses caudally, it 
can be considered as a branch of cW. 
In pig, the basilar artery, a branch of vertebral artery 
runs rostrally reducing in caliber, but again increases as 
it joins the internal carotid blood source [11].
In the present study, there was not much difference 
noticed in caliber of basilar at the two levels. 
In man, the caliber of basilar is more at the lower border 
of pons than at the upper border of pons (Table 6). This is 
because, the vertebrals anastomose to form basilar artery 
at the lower border of pons. As it courses up, it reduces in 
caliber by giving off many branches.
Variations in the pattern of circle of Willis
Cow. Not much literature was found regarding the 
anomalies of the cW in ox. The anterior communicating 
artery (anterior communicating network) is inconstant 
in cattle [12]. In the present study, only two specimens 
showed variation. One was the absence of anterior 
communicating artery. In this specimen, the two anterior 
cerebral arteries were traced on the orbital surface of the 
frontal lobe till they reached the median longitudinal 
fissure. There was no communication found between 
them during this course. In the other specimen, caliber of 
all vessels forming the circle was larger when compared 
with that of other specimens. 
Sheep and goat. The absence of anterior communicating 
artery was noticed in 16% (4 specimens) of sheep and 
12% (3 specimens) of goat specimens [3]. Table 13 and 14 

shows comparison of the variations among the workers.
In the present study, the variation noticed was absence 
of anterior communicating artery. This was seen in 2 of 
the 10 specimens studied in case of both sheep and goat. 
From the tables, it is seen that the incidence is higher in 
the present study. This could be due to small number of 
specimens in case of the present study when compared 
to the other study. 
Pig. Variations in the circulus could not be found in any 
of the literature reviewed. In the present study there were 
no variations noticed.
Human. Table 15 shows the comparison of the anomalies 
in the anterior and posterior halves among the workers 
and the present study. Almost all the studies show that 
the variations occur more frequently in the posterior half. 
This is because of linking between two major arterial 
systems in the posterior half which does not occur in the 
anterior half.
From the results (Table 8), it is seen that in man, 70% of 
the specimens show anomalies. 40% of the specimens 
show multiple anomalies while the remaining 30% show 
single anomalies. Most of the anomalies are seen in the 
posterior half (80%).
In the anterior half, the anomalies noted are island 
formation of anterior cerebral artery (20%), absence of 
anterior communicating artery (20%) and median artery of 
corpus callosum (10%). In the posterior half, the common 
anomalies are string like posterior communicating arteries 
(30%), non fusion of the posterior communicating artery 
and the posterior cerebral artery (30%), and embryonic 
origin of posterior cerebral artery (20%). 
Non fusion of posterior communicating artery and 
posterior cerebral artery (30%) resulted in incompleteness 
of the circle. 
To summarize the variations noticed in all the animals 
studied and man, incidences are depicted in Table 9.
Comparison between the animals studied and man
Until now, anomalies of the cW in cow, sheep, goat, 
pig and man have been discussed individually. Further 
discussion is about the comparison of anomalies between 
man and the animals studied. The comparison is 
classified as anomalies in the anterior half and posterior 
half as shown in Tables 16 and 17.
From the above mentioned tables, it is observed that incidence 
of anomalies is the highest in man, followed by sheep, goat and 
cow. In pig, anomalies were not seen in any of the specimens 
studied. The anomalies are more varied and frequent in man 
than in the animals studied. Among the anomalies noticed 
in the anterior half, the absence of anterior communicating 
artery was seen in both man and animals studied (Table 16). 
Anomalies in the posterior half are restricted to man only. The 
animals did not show any anomaly in this half (Table 17).
Another anomaly occurring in both man and the 
animals studied were incomplete circles (Table 18). The 
incompleteness of circle in the animals was in the anterior 
half due to absence of anterior communicating artery. In 
man, though there were two specimens with absence 
of anterior communicating artery, anterior half of the 
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circle was complete due to anastomosis between the two 
anterior cerebral arteries. This compensation provided 
by nature prevents discrepancy of blood supply to frontal 
lobes. This is essential because, in man, the frontal lobes 
is the seat of higher functions like intelligence, memory, 
skilled movements and social behavior differentiating 
mankind from animals [13].
In the posterior half, incomplete circles were seen in 
three specimens in man and none in the animals studied 
(Table 17).
Thus, incomplete circles are more in the anterior half in 
animals studied and in the posterior half in man. This is 
because of increased occurrence of anomalies in the anterior 
and posterior halves respectively (Tables 16 and 17).
The reason behind the above observation is explained 
as follows. In man, this could be attributed to the 
contribution of vertebrals to the blood supply of brain 
through cW. In sheep and goat, the vertebral contribution 
is minimal or absent whereas in cow/ox, though 
present it is not through the cW [3,8,12]. In pig, there 
is anastomosis of the basilar with the vertebrals which 
could be a transitory stage. In the evolution of cW, the 
linking between carotid and vertebral blood is a recent 
development occurring in man. This new link being a 
weak point and several changes happening here, leads to 
increase in the incidence of anomalies. Hence, in man, 
anomalies are more in the posterior half and so also 
the incomplete circles. Whereas in the animals studied, 
anomalies have occurred only in the anterior half i.e. the 
absence of anterior communicating artery. This could 
be because, anterior communicating artery is the last to 
develop and it is a link between the two anterior cerebral 
arteries. As a result, incomplete circles have occurred in 
the anterior half.
A note on aneurysms
Aneurysms were not observed in any of the 122 sheep 
examined. One of these sheep had swellings in the arteries 
due to polyarteritis nodosa but did not show aneurysms. 
Thus aneurysms are rare in domestic animals. This creates 
a doubt that, some factor other than medial defects might 
play a role in occurrence of aneurysms [14].
112 different animal specimens were examined which 
included 25 each of sheep and goat. Aneurysms were not 
noticed in any of these specimens. However, the arterial 
variations were a common occurrence as in man. This 
doubts the correlation between variations and incidence 
of aneurysms [3].
The incidence of aneurysms and anomalies of different 
studies in man are compared in the Table 19.
In the present study, aneurysms were not noticed in any of 
the human and animal specimens, though the incidence 
of anomalies was 70% and 15% respectively.
From the above studies, it can be inferred that in man, 
incidence of aneurysms range from 0-22% whereas 
variations range from 46-82%. The aneurysms in 
domestic animals are a rare occurrence.
Some studies show the concurrent presence of anomalies 
with aneurysms [15].

Hence, anomalies in the cW may be associated with 
aneurysms but may not be the cause for its occurrence.
Conclusion
In the present study, a comparative analysis was done on 
the cW of cow, sheep, goat, pig and man. The following 
parameters were compared: 1) Vessels forming the cW, 
2) Diameter of vessels forming the cW, 3) Variations in 
the pattern of cW. In the study, the intended objectives 
were mostly accomplished.
When the vessels forming the cW are compared: 1) 
In man, it is mainly formed by the internal carotid, 
anterior cerebral, anterior communicating, posterior 
communicating and posterior cerebral arteries; 2) In 
the animals studied, it is formed by the internal carotid, 
anterior cerebral, anterior communicating and posterior 
communicating arteries.
The internal carotid arteries, a part of cW, form only a link 
between the anterior cerebral and posterior communicating 
arteries in man, whereas in the animals, they run a long 
course forming an integral part of the circle. 
The anterior communicating artery is in the form of a 
single vessel in man but a fine plexus of vessels in the 
animals. 
Posterior cerebral arteries form an integral part of the 
circle in man whereas in the animals, posterior cerebrals 
do not take part in the formation of the circle as they are 
branches of posterior communicating arteries. 
When the diameters of the vessels forming the circle are 
compared, it is the largest in man. This is because of the 
increase in size of cerebral hemispheres, which is due to 
the development of neopallium. 
The posterior communicating artery (posterior branch of 
ICA) is larger in diameter and more or less equal to that 
of anterior cerebral artery (anterior branch of ICA), in 
cow, sheep, goat and pig. In man, the caliber of posterior 
communicating artery is reduced to nearly half that of 
anterior cerebral artery. This indicates that equal volume 
of carotid blood flows through both divisions of internal 
carotid artery in case of animals studied whereas in man, 
the blood flow through the posterior communicating 
artery is reduced. The same artery is three fourths that 
of internal carotid artery in the animals studied while it 
is reduced to nearly one third in man. From the above 
findings, it can be inferred that, the carotid blood flowing 
through posterior communicating artery to the posterior 
cerebrum is reduced in man when compared to that in 
the above mentioned animals. 
When the diameter of basilar artery at the lower and 
upper border of pons is compared in man and the 
animals studied, one significant fact is noticed. That is, 
the diameter is larger at the upper border than the lower 
border in the cow, sheep and goat. In pig, the diameter is 
more or less the same at both levels. In man, the diameter 
is more at the lower border than the upper border. Hence, 
the basilar artery can be regarded as a branch of cW in 
cow, sheep and goat. In pig, it has anastomosed with the 
vertebral and can be regarded as a branch of the latter. In 
man, the basilar originates from the vertebral artery, so 
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diameter is more at the lower border of pons than at its 
upper border.
From the above inferences, it can be concluded that, the 
blood flowing through the circle is mainly from the 
carotid arteries in lower mammals whereas in man, it is 
from both carotid and vertebral. 
When variations occurring in the circle are compared in 
man and the animals studied, the incidence is highest and 
more diverse in man. The variations in cow, sheep, goat 
and pig in the present study range between 0% and 20% 
respectively and occur solely in the anterior half of cW. 
This variation is the absence of anterior communicating 
artery resulting in an incomplete circle. In man, the 
variations are more in the posterior half (80%) than 
in the anterior half (50%). The anomalies seen in the 
anterior half are absence of anterior communicating 
artery (20%), island formation (20%) and median artery 
of corpus callosum (10%). But the absence of anterior 
communicating artery is compensated by anastomosis 
between the anterior cerebral arteries thus preventing the 
circle from being incomplete. The commonest anomaly 
occurring in the posterior half is string like posterior 
communicating arteries (30%). Next in frequency to 
occur is non fusion of posterior cerebral and posterior 
communicating artery (30%) and embryonic origin of 
posterior cerebral artery (20%). 
From this, it can be concluded that, in man, the cW is 
highly unstable due to linking of internal carotid and 
vertebral arterial system, which is recent in its evolution. 
Since the linking is in the posterior half, anomalies in 
man tend to occur more frequently in this region. In cow, 
sheep and goat, the cW does not form a link between 
the internal carotid and vertebral systems. The circle 
of Willis in pig is a transitional stage wherein linking 
of basilar with vertebral is present but the changes that 
result from this linking has not yet developed. Hence, in 
these animals, anomalies tend to occur less frequently in 
the posterior half.

Animals like rats and guinea pigs have been used as 
models but then, the vessels are not easily accessible 
during surgical procedures for handling or ligation due 
to inadequate size. Animals under the study can be used 
as models as they overcome the above disadvantages. 
These animals can be used for pharmacological studies 
to observe the effect of drugs on cerebral circulation. In 
sheep, since the sole blood supply to brain is by carotids, 
if vertebrals are occluded, they can be used to study the 
neurophysiologic problems like metabolism of brain in 
cerebral ischaemia after partial or complete ligation of 
carotids. Among all the animals studied, the cW in pig 
closely resembles that of man.
It is appropriate to summarise that differences exist in 
the arterial pattern of cW among the species studied. 
Though, the cW in pig can be considered to be similar 
to that of man, the presence of rete mirabele should be 
taken into consideration. Rete mirabele, a usual feature 
of lower mammals, has been reported in humans [16,17]. 
Pig and sheep have been successfully used as arterio-
venous malformation models utilising the rete mirabele 
[18,19]. Further investigation is needed regarding the 
dynamic function of rete mirabele, to create successful 
models for cerebral ischaemia research, which is not 
under the scope of this study.
In the recent past, research on the comparative study 
especially regarding the measurements and variations is 
found to be insufficient. Hence, the present study being a 
comparative one provides a base for further investigative 
and advanced dynamic studies, as a detailed morphology 
of cW regarding its formation, measurements and 
variations has been done extensively.
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