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Introduction: The jugular foramen lies between the occipital bone and the petrosal portion of

the temporal bone. It allows the passage of important nervous and vascular vein and

inferior petrosal sinus. Glomic tumors, schwannomas, metastatic lesions and infiltrating

inflammatory processes are associated with this foramen, which can account for injuries

of related structures. Morphometric study of this foramen will serve as guide for imaging

and operative procedures in the jugular foramen region.

Material and methods: One hundred and sixteen dry adult skulls of unknown sex of south

Indian origin were utilized for this study. Following dimensions of the foramen were

measured with the help of a digital vernier caliper: i) Maximum dimension along the long

axis; ii) Maximum dimension perpendicular to the long axis; iii) Maximum height of dome

of jugular fossa and iv) Distance of stylomastoid foramen from lateral margin of jugular

foramen. The minimum distance of stylomastoid foramen from the lateral margin of the

foramen was also measured.

Observations: The findings of the present study bring forth some important facts as follows:

On an average, all the dimensions measured were more on the right side. The jugular fossa

showed great variability ranging from total absence of fossa to deep excavation ante-

rolaterally forming a large fossa with the well-defined roof.

Conclusion: These observations call for further studies on variability of jugular fossa and its

possible implications. The distance of the stylomastoid foramen from the jugular foramen

will serve as guide for operating surgeons using infratemporal approach during skull base

surgeries.

Copyright ª 2014, Anatomical Society of India. Published by Reed Elsevier India Pvt. Ltd. All

rights reserved.
1. Introduction

The jugular foramen (JF) of the human skull is a complex bony

canal, which transmits vessels and lower cranial nerves from

the posterior cranial fossa through the skull base into the

carotid space. This foramen is also difficult to access
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surgically.1e7 It is generally said that, although the JF 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.8,9

The JF is the main route of venous outflow from the skull and

is characterized by laterality based on the predominance of

one of the sides.9
sh 462016, India. Tel.: þ91 7552464821, 91 9425012894 (mobile).
r).
dia. Published by Reed Elsevier India Pvt. Ltd. All rights reserved.

mailto:sheetal.anatomy@aiimsbhopal.edu.in
www.sciencedirect.com/science/journal/00032778
www.elsevier.com/locate/jasi
http://dx.doi.org/10.1016/j.jasi.2013.12.009
http://dx.doi.org/10.1016/j.jasi.2013.12.009
http://dx.doi.org/10.1016/j.jasi.2013.12.009


Fig. 1 e Showing jugular foramen from exocranial side.

Arrows indicate maximum length along the long axis of

the foramen (a) and maximum width perpendicular to the

long axis (b). CC e carotid canal; MP e mastoid process; OC

e occipital condyle; SP e styloid process.
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Irregular shape of the foramen, its formation by two bones,

and the numerous nerves and venous channels that pass

through it contribute to the complex anatomy of the foramen.

JF may be affected by intracranial and extracranial lesions.

Besides tumor like meningiomas, paragangliomas (glomus

jugulare, from the jugular ganglion of the vagus nerve), and

schwannomas; metastatic lesions and infiltrative inflamma-

tory processes from surrounding structures may also affect

the JF.1,10,11 Surgical resection is the treatment of choice in the

majority of these cases. Advances inmicrosurgical techniques

have made JF lesions operable.12 This necessitates the need

for familiarity of detailed anatomy of this region for the

operating surgeons. Morphometric study of this foramen will

serve as guide for imaging and operative procedures in the

jugular foramen region.
Table 1 e Showing various dimensions of jugular foramen.

Right

Length along long axis 15.21 mm; �2.12a (9.56e20.07

n ¼ 113

Width perpendicular to long axis 9.38 � 2.01 (4.74e13.69)

n ¼ 112

Height of dome of jugular fossa 11.78 � 2.41 (5.82e17.31)

n ¼ 91

Distance of stylomastoid foramen

from the outer margin of jugular

foramen

4.72 � 1.21 (1.87e7.93)

n ¼ 112

a All values are in mm; figures in the bracket denote the range.
b Statistically significant difference between right and left sides.
2. Material and methods

One hundred and sixteen dry adult skulls of unknown sex of

south Indian origin were utilized for this study. Following di-

mensions of the foramen were measured with the help of a

digital vernier caliper: i) Maximum length along the long axis;

ii) Maximum width perpendicular to the long axis; iii)

Maximum height of dome of jugular fossa and iv) Distance of

stylomastoid foramen from lateral margin of JF (Fig. 1).

Keeping in view the canal like structure of the foramen, the

measurementswere calculated from the exocranial side of the

foramen. Because of the irregularity of the foramen and its

oblique orientation, the dimensions were calculated along the

long axis and perpendicular to it. The height of the dome was

calculated from the level of extracranial lateral margin of the

foramen up to the summit of the fossa. The minimum dis-

tance of stylomastoid foramen from the lateral margin of the

foramen was also measured.

The observationswere statistically analyzed on SPSS-12 for

descriptive statistics and paired T-test was performed for

comparison of right and left sides.
3. Observations

Table 1 shows dimensions of the jugular foramen on the right

and the left side. Although the average length along the long

axis was more on the right than the left side; the left foramen

was longer in 34 out of 116 skulls, however the difference was

not statistically significant (p ¼ 0.09). The maximum width

measured perpendicular to long axis was located in the region

of jugular fossa (posterolateral part of foramen) except in one

skull on left sidewhere it wasmore in anteromedial part of the

foramen. On an average, this dimensionwasmore on the right

side but in 11 cases it wasmore on the left side. The difference

between the right and the left sidewas found to be statistically

significant (p ¼ 0.04). The jugular fossa was observed to be an

anterolateral excavation into the petrous temporal bone by

the jugular bulb. The jugular fossa showed variable shapes

from a well-defined fossa with a roof, to poorly developed

fossa (2 rt; 6 lt) and total absence (23 rt; 23 lt) (Figs. 1 and 2).

The height of the dome of jugular fossa could not be

measured in 25 skulls on right side and 29 skulls on the left
Left Statistical significance
(p value)

) 13.74 � 2.3 (8.84e21.02)

n ¼ 114

0.09

7.16 � 1.81 (3.93e12.34)

n ¼ 113

0.04b

9.84 � 2.08 (4.45e13.76)

n ¼ 87

0.17

5.87 � 1.28 (2.43e8.83)

n ¼ 111

0.15
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Fig. 2 e Showing partially developed jugular fossa on right

side and non developed fossa on the left side. CC e carotid

canal; MP e mastoid process; OC e occipital condyle; SP e

styloid process.
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side due to either total absence or poorly developed fossa. In

one skull (rt side) the roof of jugular fossa was perforated. The

average of minimum distance of stylomastoid foramen was

more on the right side. In one skull the stylomastoid foramen

was replaced by three very small foramina.
4. Discussion

The jugular foramen is an irregular canal between the petrous

temporal and the occipital bones. The long axis of the foramen

is directed obliquely and does not conform to any standard

anatomical plane.13e16 Earlier morphometric studies on the

jugular foramen have measured the anterior and transverse

dimensions.5,8,17e19 Authors believe these diameters do not

indicate the actual extent of the foramen and hence di-

mensions along the long axis and perpendicular to it have

been measured in the present study. Because of canal like

structure of this foramen, it has an endocranial and exocra-

nial opening. These openings differ in size because of pres-

ence of jugular fossa exocranially. The present study

measured the exocranial openings for two reasons: i) surgeons

approach the jugular foramen from the exocranial side and ii)

exocranial opening gives an indication of development of ju-

gular bulb. Earlier workers have not taken into consideration

these facts.

The average length along the long axis of the foramen was

15.21 � 2.12 mm on the right side and 13.74 � 2.3 mm on the

left side. The comparable dimensions by other workers,

which have been expressed as the sagittal diameters or the

length of the foramen, range between 13 and 17 mm in

different population groups.5,8,17e19 The average width
perpendicular to the long axis were 9.38 � 2.01 mm on the

right side and 7.16 � 1.81 mm on left side. The comparable

dimensions by other workers which have been expressed as

the transverse diameters or width of the foramen range be-

tween 7.6 and 10.2 mm.5,8,17e19 The differences in the results

of various studies can be attributed to i) variable reference

points used for measurement of different studies or ii)

inherent population differences. Differences in size of the

right and the left internal jugular veins are reflected in the

differences between the sizes of jugular foramina. As has

been observed in the present study, the right jugular foramen

is usually larger than the left. Similar findings have been

reported by earlier workers.5,8,17e19 The superior sagittal

sinus, which drains the major area of cerebral cortex, usually

drains into the right transverse sinus. Right transverse sinus

continues as sigmoid sinus and forms right internal jugular

vein. However, there is a very wide variation in the anatomy

of the intracranial venous sinuses,18,20,21 including the

transverse sinus, which accounts for variations in size and

shape of the jugular foramen. These variations are reflected

in our findings also. Although the average length along the

long axis was more on the right side than the left, the left

foramen was longer in 34 and wider in 11 out of 116 skulls.

The differences in the size of the two internal jugular veins, is

already visible in the human embryo at the 23 mm stage (8

week post-conception) and probably results from differences

in the pattern of development of the right and left brachio-

cephalic veins.22e24

It is well known that the jugular bulb forms the floor of

middle ear cavity.14,23 The cases of glomus tumors in JF

eroding this floor and encroaching the middle ear cavity have

also been reported.3,9,10 The absence of roof of jugular fossa in

about 20% cases indicates that the jugular bulb is absent or

poorly developed in such cases and may not form the floor of

middle ear cavity. This observation is contrary to general

belief and needs supportive evidence in the form imaging

studies of middle ear cavity (temporal bone).

The average length perpendicular to the long axis varied

widely (right 4.74e13.69 mm; left 3.93e12.34 mm) and the

difference was also statistically significant. This variability

has not been previously reported. This dimension indicates

the extent of jugular bulb and its variability reflects the vari-

able development of jugular bulb. Standard text books of

anatomy and embryology have not elaborated on the devel-

opment and size of jugular bulb.14,23 Paucity of literature

concerning the jugular bulb and fossa calls for further studies.

Different surgical approaches have been devised to operate

upon the tumors of JF regions. These include transcondylar,

infratemporal, transsigmoid, suboccipital and extreme lateral

approaches. All these procedures have there own advantages

and disadvantages. Among these approaches infratemporal is

the more popular but requires re routing of facial nerve.25,26

Our observations on distance of stylomastoid foramen (from

which the facial nerve emerges) from the lateral margin of JF

will serve as a guide for operating surgeons, during the pro-

cedure of re routing of facial nerve. These dimensions have

not been studied and reported earlier.17 Our findings suggest

that the facial nerve lies at a distance about 5 mm and 6 mm

respectively from the lateral margins of right and left jugular

foramen.
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5. Conclusion

The findings of the present study bring forth some important

facts as follows:

� Measurement along the long axis of foramen and perpen-

dicular to it were recorded; on an average, all the

dimensions were more on right side.

� The jugular fossa showed great variability from total

absence of fossa to deep excavation anterolaterally form-

ing a large fossa with the well-defined roof. This observa-

tion calls for further studies on variability and its possible

implications.

� The distance of the stylomastoid foramen the jugular

foramen will serve as guide for operating surgeons for re

routing of facial nerve.
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