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Abstract: Background: The jugular foramen is a large foramen in the base of the skull. It transmits important 

vascular and nervous structures. Understanding of normal dimensions of this foramen is necessary and of great help 

to neurosurgeon while approaching this foramen. Aim: To study the morphometric analysis and anatomical 

variations of jugular foramen in Egyptian dry skulls. Materials and methods: One hundred skulls of unknown sex 

were studied morphologically. The shape was observed. Antero-posterior and medio-lateral diameters were 

measured by digital vernier caliper. Detection of presence or absence of dome and septations was done. Statistical 

analysis: The mean, standard deviation (SD) and range of dimensions was computerized. Comparison between two 

sides was made using student’s t-test. Results: Oval shaped foramen was common (70%), round shaped foramen 

(30%). Dome was bilateral in 79%, unilateral in 21%. Septation was in 97% of foramina. Complete septation 

bilaterally in 25% of, unilateral in40%. While partial septation was in 32%. Absence of septation in 3%. AP 

diameter (right - 6.8 ± 2.39 mm, left -5.4 ± 1.58 mm) and was side insignificant difference. ML diameter (right – 

17.2 ± 4.6mm, left –14.6 ± 2.07mm) and was significantly higher on the right side. Conclusion: This study 

demonstrated that the right is dominance in the parameters of the foramen. Presence of septation and dome are more 

frequent. The oval shape foramen is common. Good imaging of the foramen preoperative is recommended to avoid 

injury of its contents due to foramen variability.  
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1. Introduction 

Jugular foramen is a large opening in the base of 

the skull. It is located behind the carotid canal and is 

formed by the petrous part of the temporal bone and 

the occipital bone. The jugular foramen is the main 

route of venous outflow from the skull and is 

characterized by laterality based on the predominance 

of one of the sides [1]. Ligation of the internal jugular 

vein is sometimes performed during radical neck 

dissection with the risk of venous infarction, which 

some adduce to be due to ligation of the dominant 

internal jugular vein [2]. In general Jugular foramen is 

larger on the right side compared to the left; its size as 

well as its height and volume vary in different racial 

groups and sexes. The foramen’s complex shape, its 

formation by two bones, and the numerous nerves and 

venous channels that pass through it further compound 

its anatomy [3]. The jugular foramen is commonly 

divided into three compartments-two venous and a 

neural or intra jugular compartment. The structures 

that traverse the jugular foramen are the sigmoid sinus 

and jugular fossa, the inferior petrosal sinus, 

meningeal branches of the ascending pharyngeal and 

occipital arteries, the glossopharyngeal, vagus and 

accessory nerves with their ganglia [4, 5].  

Tumors involving the jugular foramen and 

adjacent structures require a microsurgical approach to 

this region [6, 7]. Most of the surgical approaches are 

designed to drill the bone around the jugular foramen 

for proper exposure [8-10]. Thus, the knowledge of 

the anatomical details and dimensions of jugular 

foramen in the regional population would be of great 

help to surgeon while approaching this foramen. 

The present work was carried out to study normal 

range of variations in relation to size, shape and 

compartments of jugular foramina. 

 

2. Materials and Methods 

Study has been conducted on one hundred dry 

skulls of unknown sex. They were collected from the 

department of anatomy, faculty of medicine Benha 

University and Shebin EL Kom faculty of medicine 

with respecting the ethical behaviors with bone. All 

skulls in this study are devoid of gross malformations. 

Manual vernier caliper were used for the measurement 

of jugular foramen (fig 1). 

The morphological examination was done by 

inspection. Measurements were taken by the method 

described by Singla et al [11]. 
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Fig (1) Photograph of measurement by Vernier caliber 

 

Osteometric parameters 

The following measurements were taken in 

millimeters with the help of vernier caliper (accuracy 

up to 0.02 mm). 

Side: Right or left which determined by putting 

skull in the anatomical position. 

Shape: the shape was either oval or rounded. 

Medio -lateral (ML): Maximum medio -lateral 

diameter of the foramen (ML) was taken between 

medial-most and lateral-most point of the jugular 

foramen. (fig 2) 

Anterioposterior (AP): Maximum antero-

posterior diameter of the foramen (AP). (fig 2) 

Dome: Presence or absence of domed bony roof 

was noted which is related to the presence of superior 

jugular bulb.  

Septations: Bony bridges dividing the foramen 

into compartments (arrows) was observed and if 

present determined these compartments are complete 

or partial. (fig 3) 

Width of the sigmoid sinus groove (SG). (fig 3) 

All the measurements were taken bilaterally, and 

photography was done using Sony digital camera. 

 
Fig (2): Photograph of base of the skull showing 

parameters of JF on exocranial aspect (AP) antero 

posterior diameter (ML) mediolateral (ML) diameter. 

 

 
Fig (3): A photograph of cranial cavity showing JF on 

endocranial aspect, septation (arrow) of the foramen 

and groove for sigmoid sinus (SG ). 

 

The measurements were taken bilaterally and 

statistical analysiswas performed. 

Statistical Analysis 

The AP and ML diameters of jugular foramen on 

the right and left sides were recorded and analyzed 

using IBM SPSS Statistics software for Windows, 

Version 19 (IBM Corp., Armonk, NY, USA). 

Independent sample T test was used to compare 

differences among the right and left sides. In each test, 

the data was expressed as the mean (M) value, 

standard deviation (SD) and range. 

Observations and results were tabulated and 

compared with previous studies. 

 

3. Results 

The jugular foramen was examined with respect 

to its size and shape, and the presence of a domed 

bony roof and presence or absence of septae which are 

bony structures dividing JF into compartment. 

The jugular foramen varied in terms of septation 

presence of dome and side difference in AP and ML 

diameters. The foramen is like a canal, with an 

endocranial and exocranial opening. 

This study were carried on one hundred dried 

skulls. 

On examination of the skulls we found that the 

medio- lateral diameter (ML) of the foramen was 

greater than the antero- posterior (AP) diameter. 

The right foramen parameters are larger than the 

left parameters in most of skulls used ( 80% ) (fig4). 

Some skulls have foramen looks like slit specially on 

left side (fig 5). In few skulls (17%), the left foramen 

parameters are larger than the right parameters (fig6). 

In about 3%the two foramina are nearly equal. 

Foramina mainly have bilateral domes (fig7). Few 

skulls have unilateral dome (fig 8). Most of the 

foramina have septations. Some foramina have 
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bilateral septations (fig 9, 11 & 12); others have 

unilateral septations (fig 10 & 13). Few have no 

septations (fig 14). 

According to shape: Oval shape is common 

(70%) and (30%) rounded.  

According to antero- posterior diameter (AP): (fig 

4,5, & 6). 

It varies from ( 10mm to 3mm). Mean AP 

dimension was greater for the right JF than the left JF.  

The mean AP diameter is (6.8 ± 2.39 mm) in RT 

and (5.4 ± 1.58mm) in LT side. 

More than (75%) varies from (7 to 5mm). Few 

number have narrow foramina (3 mm) (slit like 

foramina) specially on left side (fig5). More than 20% 

have AP diameter more than 9 mm specially in RT 

side. When comparing between two sides there were 

no significant difference between both sides (table 1 & 

histogram 1). 

According to medio- lateral diameter (ML): (fig 4, 

5 & 6): 
It varies from (24 mm to 9 mm). Mean ML 

dimension was greater for the right JF than the left JF. 

The mean ML diameter is (17.2 ± 4.6 mm) in RT and 

(14.6 ± 2.07 mm) in LT side. More than 80% varies 

from ( 20 to 15 mm). Few numbers have ML diameter 

less than 10 mm. More than 10% have wide foramina 

ML diameter more than 21 mm especially in RT side. 

In comparing between both side there were significant 

difference. (table 1 & histogram 2). 

According to dome: (fig 7 & 8)  

The presence of dome in the foramen is common 

in this study. Bilateral presence is 79% (fig 7). 

Unilateral presence represented 21% (fig 8). There are 

no case reported of absence of dome on both sides. 

According to septations: (fig 9,10,11,12,13 & 14) 
Presence of septa is common ( 97%) in jugular 

foramen as they divide the foramen into 

compartments. They can be complete (fig9, 10 & 11) 

or incomplete (fig 12). Also they can be bilateral (fig 

9, 11 & 12) or unilateral (fig 10 & 13). Bilateral 

complete in 25%, unilateral in40%(26%RT, and 14% 

LT). Partial in 32%. 

In this study few numbers (3%) had no septation 

(fig 14). 

Sigmoid sinus groove: (fig 11 & 15) 

The groove for sigmoid sinus was larger in the 

RT side in 92% (fig 11). It was larger in LT in 8% (fig 

15). 

Mean AP diameter on the right and left side was 

found to be 6.8mm. and 5. 4 mm. respectively. Right 

is large but is insignificant (P>0.05). Mean ML 

diameter was found to be 17.2 and 14.6mm on the 

right and left sides respectively, Right is large which is 

highly significant (P ≤ 0.05). 

 

 

Table (1) 

T p 
Left jugular foramen Right jugular foramen 

Parameter 
Mean ± SD Range Mean ± SD Range 

1.5 0.14 5.4 ± 1.58 3 - 8 6.8 ± 2.39 3 - 10 AP jugular diameter in mm 

1.6 0.05 14.6 ± 2.07 10 - 17 17.2 ± 4.6 9 - 24 ML jugular diameter in mm 

 

 

 
Histogram (1) 

 

 
Histogram (2) 
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Fig (4): Photograph of exocranial aspect of jugular 

foramen showing following parameters, antro- 

posterior diameter (red arrow) is (8 mm) in RT and (5 

mm) in LT side. Medio- lateral diameter (yellow 

arrow) is (14 mm) in RT and (11 mm) in LT side (CC) 

carotid canal, (OC) occipital condoyle, (FM) foramen 

magnum. 

 

 
Fig (5): Photograph of exocranial aspect of jugular 

foramen showing following parameters, antero- 

posterior diameter (red arrow) is (5 mm) in RT and (3 

mm) ( slit like) foramen in LT side. Medio- lateral 

diameter (yellow arrow) is (13 mm) in RT and (9mm) 

in LT side (CC) carotid canal, (OC) occipital 

condoyle, (FM) foramen magnum 

 

 
Fig (6): Photograph of exocranial aspect of jugular 

foramen showing following parameters, antro 

posterior diameter (red arrow) is (6 mm) in RT and (8 

mm) in LT side. Medio- lateral diameter (yellow 

arrow) is (8mm) in RT and (12 mm) in LT side (CC) 

carotid canal, (OC) occipital condoyle, (FM) foramen 

magnum. 

 

 
Fig (7): Photograph of exocranial aspect of jugular 

foramen showing bilateral dome of the foramen (D). 

 

 
Fig (8): Photograph of exocranial aspect of jugular 

foramen showing unilateral dome of the foramen (D). 
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Fig (9): Photograph of exocranial aspect of jugular 

foramen showing complete bilateral septation of the 

foramen (arrow). 

 

 
Fig (10): Photograph of exocranial aspect of jugular 

foramen showing complete unilateral septation of the 

foramen (arrow). 

 

 
Fig (11) Photograph of endocrinal aspect of jugular 

foramen showing complete bilateral septation of both 

foramina (arrow). The groove for sigmoid sinus is 

wider on RT side SG. 

 

 
Fig (12) Photograph of endocranial aspect of jugular 

foramen showing incomplete bilateral septation of 

both foramina (arrow). 

 

 
Fig (13): Photograph of endocranial aspect of jugular 

foramen showing unilateral septum (arrow). 

 

 
Fig (14): Photograph of endocranial aspect of jugular 

foramen showing no septation of both foramina 

(arrow). 
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Fig (15) Photograph of endocrinal aspect of jugular 

foramen showing groove for sigmoid sinus wider in 

LT side (SG). 

 

4. Discussion  
The jugular foramen is like a canal, having 

separate endocrinal and exocranial openings. Mainly 

The exocranial opening is larger than the endocrinal 

opening due to presence of jugular bulb [12]. 

The jugular foramen is deep in position so it is 

difficult to understand and exposing. The jugular 

foramen present bilaterally left & right in all skulls 

studied as accepted [13]. The variant anatomy of the 

jugular foramen and variation of its size attract 

attention of neurosurgeons. Also the relationship of 

the structures which pass through the foramen is of 

medical and surgical interest [14]. The shape of the 

foramen is variable. The oval shaped foramens were 

common 70% and rounded is less common 30%. This 

differ with study done by This finding is Sakthivel et 

al who reported that the round shaped jugular foramen 

(58.6%) was more than the oval shaped jugular 

foramen (41.2%). [15] 

The foramina show variation in presence of 

dome, septation, and dimensions in different 

population. These variations are of clinical importance 

[16]. 

In this study incidence of septation is 97%. 

variable from bilateral, unilateral, complete or partial. 

There are Bilateral complete in 25%, unilateral in 40% 

(26% RT, and 14% LT). Partial in 32%. No bilateral 

septation in 3%. These results agree with Vlajkovićet 

al. their results were complete bony bridges of the 

jugular foramen in 24% of examined skulls [17]. Also 

it is near to Patel and Singel who studied the Indian 

Saurashtra region and observed complete septation on 

the right side in 23.1%, on left side in 17.6%; partial 

septation on the right side in 49.5%, and on left side in 

59.3% skulls [18]. 

This result differs from Singh et al. Their results 

reported that bilateral complete septation was only in 

3.3% of the examined skulls, where as unilateral 

complete septation was present in 8.3% skullson RT 

and in 5.0 % of skulls on LT [19]. And differ with 

Pereira et al who reported absence of septation in 

83.8% of skulls [16]. 

The cause of variations of septation frequency 

may be of racial factor, genetic or developmental. The 

partial septation of foramina may be completed in the 

living by a fibrous septum [20]. 

Septation and compartmentalization may 

compress the structures passing through the foramen 

and cause clinical presentations like those of 

glomujugulare tumor (glomusjugulare tumors are 

found in the tunica adventitia of jugular bulb in 

relation to the tympanic branches of glossopharyngeal 

and vagus nerves in the middle ear) [21]. Septation 

must be kept in mind during surgical approach to 

lesions within the foramen [22]. 

Another important anatomical feature of the 

jugular foramina is presence of dome. In this study the 

bilateral dome is present in 79%of cases. Unilateral 

dome in 21% of skull examined. These results are near 

to this by Singla et al. who reported bilateral dome in 

66% of cases [11]. And also near to Pereira et al 

bilateral dome in 68.5% [16]. 

But there are great difference with study done by 

Patel and Singel who found the dome in only 21% of 

the skulls [18]. There is no case reported of bilateral 

absence of dome in this study in contrast to other 

studies as Khanday et al who found that 11% of skulls 

had no bilateral dome [22]. And with Singla et al. who 

found that in total, 12% of cases showed the absence 

of dome [11]. 

In studies by Das et al reported that there are no 

bilateral absence of dome as reported in this study 

[21]. 

The presence of dome indicates the presence of 

well-expressed superior bulb of internal jugular vein. 

The bulb should not be mistaken for tumor or a mass 

during radiography [23]. When the dome is so high it 

can reach above the internal acoustic meatus. This 

must be considered during preoperative planning for 

inner ear surgeries to avoid injury of the bulb [24]. 

In this study the right foramen dimensions are 

larger than the left dimensions in 80% of cases. The 

left foramen is larger in 17% of case and 3% of cases 

are nearly equal. These results area greed with Ramos-

Junior et al. who indicated RT is larger in 84% [25]. 

And agree with Shruti et al. who showed that in 

71.2% of cases the right jugular foramina were larger 

than the left. The left foramina were larger than right 

in 20.8% of cases. In 8% of cases they were equal in 

size on both sides [26]. 

Other studies done by several authors in variable 

countries show results near to this study in Egypt. 

Singh et al. study the morphometric variations of 

jugular foramen in South India and the right was larger 
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in 88.3% of skulls as compared to 3.3% of skulls on 

the left. The remaining 8.3% of skulls, it was equal 

[19]. Akram (from Bangladesh) also found that the 

right foramen is larger in 58.2%, larger foramen in left 

side in 21.8% and two foramen are equal in 20% of 

cases [27]. Also old studies show the same results as 

Hatiboglu & Anil who did their studies on 300 

Anatolian skulls from the 17th & 18th centuries and 

they found that in 61.6% the foramen was larger on 

the right side and 26% it was larger on the left side 

[28]. 

Detecting of the size of the jugular foramina is 

depending on measuring the diameters of the 

foramina. Evaluation of these diameters indicating that 

there is frequent asymmetry [19]. 

In this study the AP dimension was greater for 

the right JF than the left JF. It varies from ( 10 mm) to 

(3 mm) in RT and from (8mm to 3mm) in LT. The 

mean AP diameter is ( 6.8 ± 2.39 ) in RT and ( 5.4 ± 

1.58) in LT side. But this difference is insignificant.  

These results agree with by Sundika et al which 

results were (6.43) in RT and in left were (5.39) [29]. 

Also it is near to studies by Saheb et al who reported 

mean AP diameters were ( 7.83 ± 1.36) in RT ( 6.83 ± 

1.6) in LT [30].  

The results of Pereira et al were higher than our 

results who reported significant difference between 

sides. Mean AP diameter was to be ( 9.21 ± 1.95) in 

RT and ( 8.65 ± 1.57) in LT. Their study was in 

Southern Brazilian population [16].  

Also results of AP diameter was lower than that 

reported by Idowu, whose results were the mean AP 

diameter to be ( 10.22 ± 2.67 ) in RT and (9.57 ± 1.84 

) in LT [31]. 

AP diameter was larger on right side which 

explained by relation to prominent superior bulb of 

internal jugular vein [31]. 

Medio -lateral (ML) diameter was reported in 

this study range from ( 24 mm to 9 mm) in right side. 

And from (17 mm to 10 mm ) in left side. Its mean 

was is (17.2 ± 4.6) in RT and ( 14.6 ± 2.07) in LT side. 

This difference is highly significant.  

These results disagree with studies done by 

Pereira et al who found mean ML diameter to be 

(15.82 ± 2.67) in RT and ( 15.86 ± 2.64 ) in LT. [16] 

and show no significant difference between two sides. 

This study is near to that done by Osunwoke et al 

who reported mean ML was in RT 15(76 ± 2.36) and ( 

13.39 ± 2.5) in LT [32]. 

The results are lower than studies done on Shabe 

et al who reported RT is (23.62 ± 2.29 ) and LT is 

(22.86 ± 3.13) [30]. And are higher than reported by 

Singla et al. (8.99 ± 1.92 ) in RT and (7.54 ± 2.07 ) in 

LT [11]. 

Although these variations there is right sided 

dominance which observed in the dimensions of the 

foramen and also reported by several authors 

[5,21,22]. 

The differences of dimensions may be due to 

racial differences.  

The size and shape of the jugular foramen 

depends mainly on the internal jugular veins and if 

there is prominent superior bulb. The large superior 

sagittal sinus is draining into RT transverse sinus to 

right sigmoid sinus, and right internal jugular vein. 

The smaller inferior sagittal sinus is draining into 

straight sinus then the left transverse sinus, left 

sigmoid sinus and into left internal jugular vein. So it 

is expected that RT foramen is mainly larger than LT 

[19]. 

But there are variation of anatomy of intracranial 

venous sinuses which lead to variations of the internal 

jugular veins and subsequent the size and shape of the 

jugular foramen [30]. 

Detecting the dimensions of the foramen may be 

important in the diagnosis of JF stenosis or widening. 

In this study there are few numbers of skulls showed 

narrow dimensions (slit like) especially on LT side. 

AP is 3 mm and ML is 9 mm. These results near to by 

Rastogi and Budhiraja. Who found AP and ML 

dimensions of 2.47 and 7.74 mm on LT side 

respectively [33]. 

This narrowing of foramen lead to ( IX, X and 

XI) cranial nerves compression resulting in 

neurovascular symptoms which can be similar to the 

symptoms of jugular meningiomas, glomus jugular 

tumors [34]. The finding that right JF dimensions are 

greater than the left which suggest that right IJV 

‘dominance’ in most of the study population. This 

gives an idea in selecting the IJV which ligate or 

catheterize. [35]. 

In the truth jugular foramen is very complex as 

the varieties of structures passing throw it. In this 

study, the oval shape is more common than the 

rounded shape. the presence of septation was more 

prevalent than its absence, the presence of dome was 

more than its absence and the dimensions parameters 

of the jugular foramen showed right side dominance. 

This study expected to give a clear understanding 

of the jugular foramen anatomy and recorded reported 

morphometric variations of the JF. As knowledge of 

these variations is very important for neurosurgeons, 

radiologist. Also for anthropologist. 

 

Conclusion  

This study demonstrated that the right foramen is 

dominance in the parameters (AP & ML). Presence of 

septation and dome is more frequent. The oval shape 

foramen is common. Good preoperative imaging of 

the foramen is recommended to avoid injury of its 

contents due to foramen variability. 
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