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PURPOSE: To define the variations of the courses of the cranial nerves and the inferior petrosal
sinuses as they enter and traverse the jugular foramen. METHODS: Thirty-nine cadaveric speci-
mens containing the jugular foramen were scanned with 1-mm contiguous axial and coronal CT
sections. Each specimen was dissected to evaluate the position of the cranial nerves and inferior
petrosal sinus as they entered the jugular foramen. RESULTS: The glossopharyngeal nerve entered
the most superior, anterior, and medial aspect of the jugular foramen and descended in the anterior
portion of the jugular foramen, often within a groove. The vagus and accessory nerves could not be
separated by CT. They entered the jugular foramen most often anterior or anterior and inferior to
the jugular spine of the temporal bone and descended in a position ranging from medial to anterior
to the jugular vein. The inferior petrosal sinus most often coursed inferior to the horizontal portion
of the glossopharyngeal nerve and entered the jugular system in the jugular foramen, at the
exocranial opening or below the skull base. A pars nervosa and pars venosa could be identified only
at the endocranial opening, where the jugular spine separated the pars nervosa containing the
inferior petrosal sinus and three cranial nerves from the pars venosa containing the jugular vein.
CONCLUSION: Our evaluation demonstrated anatomic variation in the area of the jugular

foramen.
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Despite several studies involving dissection
of the jugular foramen, the exact anatomy of the
foramen is uncertain. Studies have reached dif-
ferent conclusions, probably for two reasons.
First, the anatomy of the jugular foramen shows
great variation from person to person. Second,
dissection of the foramen is a destructive pro-
cess in which the structures remaining cannot
be related to the structures that have been re-
moved. Computed tomography (CT) and mag-
netic resonance (MR) imaging have provided a
nondestructive method to evaluate the compli-
cated anatomy of the jugular foramen. The pro-
duction of high-speed high-resolution CT scan-
ners has made it possible to study the anatomy
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of the jugular foramen in situ in a series of
specimens. We defined by CT the courses and
the variations of the courses of the cranial
nerves and the inferior petrosal sinus as they
enter and traverse the jugular foramen.

Materials and Methods

Thirty-nine formalin-fixed cadaveric skull base speci-
mens were evaluated. The specimens were obtained from
cadavers used for anatomy courses and included one jug-
ular foramen. Each specimen was scanned with 1-mm
contiguous axial and coronal sections (Fig 1E and F). The
axial sections were performed parallel to a plane approx-
imately 30° above the canthomeatal line, and the coronal
sections were obtained approximately perpendicular to the
canthomeatal line. Each specimen was scanned twice in
each position. The specimens were first scanned with
markers for the glossopharyngeal, vagus, and accessory
nerves and the inferior petrosal sinus and then scanned
without the markers. Twenty-five-gauge needles marked
the site of dural penetration of each of the cranial nerves,
and an angiographic wire marked the course of the inferior
petrosal sinus. A cranial nerve was not marked if definite
fibers of that nerve could not be identified. The inferior
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KEY TO FIGURES
1 Jugular spine of the temporal bone
2 Jugular vein
3 Sigmoid sinus or groove for the sigmoid sinus
4 Glossopharyngeal meatus
5 Trigeminal nerve
6 Abducent nerve or marker for abducent nerve
7 Inferior petrosal sinus or marker for inferior
petrosal sinus
8 Facial and vestibulocochlear nerves and/or in-
ternal auditory canal
9 Glossopharyngeal nerve or marker for glosso-
pharyngeal nerve
10 Vagus and accessory nerves or marker for va-
gus and accessory nerves
11 Cochlear aqueduct
12 Hypoglossal nerve or marker for the hypoglos-
sal nerve
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petrosal sinus was not marked if the sinus could not be
threaded with wire. The specimens were scanned at 200
mA and 120 kV, and with a 1-second scan time on a CT
HiSpeed Advantage scanner (General Electric Medical
Systems, Milwaukee, Wis). The scans were reconstructed
with a 9.6-cm field of view and a bone algorithm. A three-
dimensional surface reconstruction was performed of each
specimen with and without the markers (Figs 1C and D; 2B
and C).

After each specimen was scanned, the dura was re-
moved and blunt dissection was performed to demonstrate
the entrance of the cranial nerves into the jugular foramen
and their course within the jugular foramen near the en-
docranial opening (Fig 1A and B). Because the bone mar-
gins of the foramen were not altered, the entire course of
the cranial nerves throughout the foramen could not be
evaluated. The specimens also were evaluated for division
of the foramen into separate sections or canals by bone
structures by partially or completely removing the con-
tents of the foramen and using sharp and blunt probes to

Fig 1. See Key to Figures.
A, Specimen that includes the left jugular foramen viewed from posterior and medial to the specimen.

B, Same specimen after dura has been removed; slightly more posterior view.

C, Three-dimensional CT reconstruction of the same specimen with markers viewed from posterior and medial to the specimen.

D, Three-dimensional CT reconstruction without markers.

(Figure 1 continues.)
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Fig 1, cont’d. E, One-mm contiguous superior-to-inferior axial CT images.

evaluate potential canals. The findings from the dissec-
tions were compared with the CT images.

Results

The CT scans and dissections demonstrated
that at least a portion of the length of the jugular
foramen was divided into two canals by bone
partition in eight specimens. The division of the
foramen was short in most specimens but
spanned almost the entire length of the foramen
in one (Fig 2D). In five specimens the contents
of the canals were determined with certainty.
Four had small canals that contained only the
glossopharyngeal nerve (Fig 2A and D), and
one had a larger anterior canal at the endocra-
nial opening that contained the glossopha-
ryngeal, vagus, and accessory nerves and the

(Figure 1 continues.)

inferior petrosal sinus. In the other three speci-
mens, some structures could not be identified.
In one specimen the small anterior compart-
ment contained the inferior petrosal sinus and
possibly the glossopharyngeal nerve, which was
not identified. In one, a small anterior canal
contained the glossopharyngeal nerve and pos-
sibly the inferior petrosal sinus, which was not
identified. In the last specimen with two canals a
large anterior compartment was seen, which
contained the glossopharyngeal nerve and the
inferior petrosal sinus and probably the vagus
and accessory nerves, but these two nerves
were not identified for certain.

The CT scans suggested that two other spec-
imens may have had divided bone canals. The
very thin potential bone separation of the ca-
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Fig 1, cont’d. F, One-mm contiguous posterior-to-anterior coronal CT images. In this specimen the glossopharyngeal nerve enters its
meatus and then descends in a groove before entering the anterior jugular foramen, which is one large compartment. The cochlear
aqueduct (E and F) extends superiorly from the glossopharyngeal meatus towards the round window of the cochlea. In the foramen the
glossopharyngeal nerve is separated from the vagus and accessory nerves by the inferior petrosal sinus, which passes inferior to the
glossopharyngeal nerve before joining the jugular vein (F, arrow). The vagus and accessory nerves pass inferior to the jugular spine and
then anteromedial to the jugular vein. The regions outlined by boxes in E and F have been rewindowed to demonstrate the nerves better.

nals, however, proved fibrous at dissection. The
jugular foramen of one specimen was so dam-
aged at harvesting that it could not be deter-
mined whether the canal might be divided or
not.

In addition to the division of the jugular fora-
men into two canals described above, the jug-
ular foramen demonstrated varying degrees of
partition by bone structures at multiple levels
along its length. Only the level of the endocra-
nial opening of the foramen had a consistent
partition. The degree of separation at the en-
docranial opening depended on the size of the
jugular spine of the temporal bone, which varied
from completely bridging the foramen in the

one specimen already described to being ex-
tremely small in other specimens. The size of
the jugular spine identified on the three-dimen-
sional reconstructions correlated with the size of
the jugular spine seen at dissection in all spec-
imens (Figs 1B and D; 2A and C; 3A and B).
At dissection, in 34 of the 35 specimens in
which it could be identified, the glossopharyn-
geal nerve entered the most superior, anterior,
and medial portion of the endocranial opening
of the jugular foramen (Figs 1B and 3A). In
these specimens the glossopharyngeal nerve
was located anterior to the most superior por-
tion of the jugular spine of the temporal bone. In
the remaining specimen, the glossopharyngeal
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nerve entered its own canal in the same location
on the surface of the temporal bone (Fig 2A).
The 3-D reconstructions of the CT scans dem-
onstrated the same anatomy. On axial CT sec-
tions the glossopharyngeal nerve always en-
tered a recess in the temporal bone just inferior
to the internal auditory canal (Figs 1E, 2D, and
3C). The cochlear aqueduct was demonstrated
on coronal sections to course superiorly from
the jugular foramen just superior to the glosso-
pharyngeal nerve as it entered the foramen
(Fig 1F).

The course of the glossopharyngeal nerve
within the jugular foramen was determined by
CT only. The nerve was identified in a groove in
the anterior portion of the foramen for all or part
of its course in 23 specimens (Fig 1E). In one
specimen, it traveled in a groove that extended
anteriorly from a canal containing all three cra-
nial nerves and the inferior petrosal sinus. In five
specimens the glossopharyngeal nerve traveled
in a canal separate from the other nerves (Fig
2D), and in one it traveled in a canal that was
indeterminate for containing the vagus and ac-

Fig 2. See Key to Figures.

A, Specimen that includes the right jugular foramen with
dura removed viewed from posterior and medial to the
specimen.

B, Three-dimensional CT reconstruction of the speci-
men with markers viewed from posterior and medial to the
specimen.

C, Three-dimensional CT reconstruction without mark-
ers.

(Figure 2 continues.)

cessory nerves. The glossopharyngeal nerve
coursed in the anterior jugular foramen without
a groove in six specimens (Fig 3C) and was not
identified in four specimens.

The dissections revealed that in all the spec-
imens in which they could be identified, the
vagus and accessory nerves entered the fora-
men together or nearly together, passing
through the dura inferior and slightly posterior
to the glossopharyngeal nerve. They coursed
anterior to the jugular spine of the temporal
bone in 15 specimens (Fig 2A and B), anterior
and inferior to the spine in 20 specimens (Fig
3A and B), and inferior to the spine in two spec-
imens (Fig 1B and C). The CT scans demon-
strated the same position of the nerves relative
to the jugular spine in all specimens but could
not demonstrate the vagus and accessory
nerves as two separate nerves. The nerves were
not present at the endocranial opening in two
specimens.

CT was used to determine the course of the
vagus and accessory nerves within the foramen.
In all 37 specimens in which they were identified
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Fig 2, cont’d. D, One-mm contiguous superior-to-inferior axial CT images. In this specimen the glossopharyngeal nerve enters and
descends in its own canal before joining the anterior inferior jugular foramen. The entrance to the canal is at the expected location of the
glossopharyngeal meatus. The vagus and accessory nerves pass anterior to a large jugular spine and then course anteromedial to the
clot-containing jugular vein in the irregularly shaped jugular foramen. The inferior petrosal sinus could be identified only at the entrance
of the jugular foramen. The regions outlined by boxes in D have been rewindowed to demonstrate better the glossopharyngeal nerve.

they were encased in tissue, closely apposed to
the jugular vein. They were always anterome-
dial to the jugular vein (Figs 1E, 2D, and 3C)
but ranged from nearly medial to nearly anterior
to the jugular vein. As at the endocranial open-
ing, the vagus and accessory nerves could not
be distinguished as separate nerves. Although
the course of the vagus and accessory nerves
deep in the foramen could not be determined at
dissection, the tissue encasing the nerves was
found to be fibrous in nature.

In 22 of the 25 specimens in which the rela-
tionship of the inferior petrosal sinus to the glos-
sopharyngeal nerve could be determined, the
inferior petrosal sinus entered the foramen by

passing inferior to the horizontally oriented and
laterally coursing portion of the glossopharyn-
geal nerve, the portion entering the foramen
(Fig 1E and F). In the remaining three cases,
the inferior petrosal sinus entered the foramen
more inferiorly, heading inferiorly anteromedial
or medial to the glossopharyngeal nerve as it
descended in the foramen. Further in the jugular
foramen, the inferior petrosal sinus coursed in-
feriorly and laterally passing between the de-
scending portion of the glossopharyngeal nerve
anteriorly and the vagus and accessory nerves
posteriorly in 16 of the 20 specimens in which
all of the structures could be identified (Fig 1E).
The sinus remained medial to the nerves in



AJNR: 16, January 1995

JUGULAR FORAMEN 191

Fig 3. See Key to Figures.

A, Specimen that includes the right jugular foramen with dura removed viewed from posterior and medial to the specimen.
B, Three-dimensional CT reconstruction of the specimen with markers viewed from posterior and medial to the specimen. (Figure 3

continues.)

three specimens and passed medial to and then
posterior to all three nerves in one specimen. In
27 cases the junction of the inferior petrosal
sinus with the jugular venous system was iden-
tified. In four the junction was within the jugular
foramen (Fig 1E and F), in eight it was at the
exocranial opening of the jugular foramen, and
in 15 it was below the skull base. The relation-
ships of the inferior petrosal sinus were deter-
mined only by CT.

The positions of the cranial nerves and infe-
rior petrosal sinus entering and within the jugu-
lar foramen are summarized in the Table.

Discussion

Previous CT and MR reports describing anat-
omy of the cranial nerves and inferior petrosal
sinus in the jugular foramen have suggested
uniformity of the area, but few specimens have
been studied (1-3). Our evaluation of 39 jugular
foramina demonstrated variation in the area.

The most uniform finding in our study was the
entrance of the glossopharyngeal nerve into the
most superior, anterior, and medial aspects of
the endocranial opening of the jugular foramen.
On CT this appeared as a recess similar in
shape to but smaller than the internal auditory
canal. The recess was located several millime-
ters inferior to the internal auditory canal. The
glossopharyngeal nerve entered this recess in
all 35 specimens in which the nerve could be
identified, and in one the recess had an inferior
border producing a canal for the nerve. This

recess has been called the “cochlear aqueduct”
in the radiologic literature (4-6). The cochlear
aqueduct does extend superiorly and laterally
from this recess to join the labyrinth near the
round window (7-11), but the recess may be
more properly thought of as the “glossopharyn-
geal meatus,” because this is where the nerve
enters the jugular foramen (7-9). Within the
foramen, as previously described (8), the ninth
nerve was always found in the anterior portion
and was often within a groove in the anterior
lateral wall of the foramen.

The vagus and accessory nerves travel to-
gether and could not be separated by CT when
entering the foramen or when coursing through
the foramen. At the entrance to the foramen, the
nerves were usually separated by less than a
few millimeters as found in other studies (7, 12).
Their entrance into the foramen was usually
anterior to or anterior and inferior to the jugular
spine of the temporal bone. From there they
traveled encased in fibrous tissue in a position
that was usually anterior and medial to the jug-
ular vein.

The course of the inferior petrosal sinus was
somewhat variable. Because we identified the
inferior petrosal sinus by threading it with a wire,
we most likely indicated the largest of what
may be several outflow channels of the sinus.
In most cases the inferior petrosal sinus en-
tered the foramen by passing inferior to the
horizontally oriented and laterally coursing
portion of the glossopharyngeal nerve in the
superior foramen and then headed inferiorly.
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Fig 3, cont’d. C, One-mm contiguous superior-to-inferior axial CT images. In this specimen the glossopharyngeal nerve enters its
meatus and then descends in the anterior jugular foramen, which has one large compartment. The vagus and accessory nerves pass
anteroinferior to a small jugular spine and anteromedial to the jugular vein. The inferior petrosal sinus could not be cannulated. Its
presumed location is identified. The regions outlined by the boxes in C have been rewindowed to demonstrate the nerves better.

In the remaining cases it headed inferiorly an-
terior and medial to the descending portion of
the nerve and on no occasion passed superior
to the horizontally oriented portion of the
nerve. In the foramen, the sinus most often
coursed inferolaterally, passing between the
descending portion of the glossopharyngeal
nerve and the vagus and accessory nerves. All
the variations of the inferior petrosal sinus
course demonstrated in our study have been
documented (7, 8, 12). As demonstrated in
other studies, the position where the inferior
petrosal sinus joined the jugular venous sys-
tem was variable and occurred within the fora-
men, at the exocranial opening of the foramen
or below the skull base (7, 12, 13).

The most widely recognized variation in the
anatomy of the jugular foramen is the complete
division of the foramen by a bone septum. The
fraction of foramina that are divided varies in
the radiologic (14, 15), anatomic (7, 12), and
anthropologic (16-21) studies. The anthropo-
logic studies suggest that at least one factor
affecting this finding is the genetic composition
of the populations studied (16-21). Our finding
that 21% (8 of 38) of the jugular foramina were
divided is in the 11%-to-34% range demon-
strated in the anatomic and radiologic studies
(7, 12, 14). The variation of which structures
were in the divided components of the jugular
foramen is in agreement with Lang (7) who did
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At Entrance to Jugular Foramen

Within the Jugular Foramen

Glossopharyngeal In recess at superior anterior aspect of
Nerve endocranial opening (34/35)
In canal at superior anterior aspect of
endocranial opening (1/35)

Vagus and Accessory
Nerves

Anterior to jugular spine (15/37)

Anterior and inferior to jugular spine
(20/37)

Inferior to jugular spine (2/37)

Inferior to horizontal portion of
glossopharyngeal nerve (22/25)

Anterior and medial or medial to
descending portion of glosso-

Inferior Petrosal Sinus

In groove in anterior foramen (23/35)

In anterior foramen without groove
(6/35)

In own canal anterior and lateral to foramen
(5/35)

In groove in anterior canal containing the
three cranial nerves (1/35)

Anterior to jugular vein (5/37)

Anterior and medial to jugular vein (19/27)

Medial to jugular vein (13/37)

Between glossopharyngeal and
vagus/accessory nerves (16/20)
Medial to all three cranial nerves (4/20)

pharyngeal nerve (3/25)

the most detailed analysis of compartmentaliza-
tion of the foramen.

The division of the jugular foramen into a pars
nervosa and pars venosa by fibrous bands or as
suggested by bone spurs is a matter of debate.
Two groups have formed among those who be-
lieve the length of the jugular foramen is sepa-
rated into a pars nervosa and pars venosa. One
group states that the pars nervosa contains the
inferior petrosal sinus and the glossopharyn-
geal, vagus, and accessory nerves and that the
pars venosa contains the jugular vein (15, 22).
The second group states that the pars nervosa
contains only the inferior petrosal sinus and the
glossopharyngeal nerve and that the vagus and
accessory nerves reside with the jugular vein in
the pars venosa (1-4, 12, 14, 16, 23). Authors
of only two studies, Lang (7) and Kveton and
Cooper (13), believe that within the foramen,
there is no constant division into a pars nervosa
and pars venosa. Our data are most consistent
with these last two authors.

We found a constant division of the jugular
foramen only at its endocranial opening but not
within the foramen. At the endocranial opening,
the jugular spine of the temporal bone sug-
gested a pars nervosa anterior to it that con-
tained the three cranial nerves and the inferior
petrosal sinus and a pars venosa posterior to it
that contained the jugular vein. The jugular
spine divided the superior aspect of the en-
docranial opening of the jugular foramen, but
the inferior aspect was divided only by the
imaginary extension of the spine when the spine
did not span the foramen. The division was im-

mediately lost as the nerves passed the en-
docranial opening.

Despite the close apposition of the vagus and
accessory nerves to the jugular vein, no divi-
sions of the foramina were evident that included
them with or separated them from the jugular
vein. In some specimens, the tissue that en-
cased the vagus and accessory nerves ap-
peared to divide the foramen, but this was not a
consistent finding and would not place the va-
gus and accessory nerves in either an anterior
or posterior compartment. This inconsistent
and ambiguous division may have lead other
authors to different conclusions about the divi-
sion of the jugular foramen (1-4, 7, 12-16, 22,
23).

In summary, the entrance of the glossopha-
ryngeal nerve into the foramen can be recog-
nized by identifying the recess inferior to the
internal auditory canal, which serves as its me-
atus. The glossopharyngeal nerve then travels
in the anterior jugular foramen, often in a
groove. The accessory and vagus nerves travel
together as they enter the foramen anterior or
anterior and inferior to the jugular spine of the
temporal bone and course in fibrous tissue an-
terior and medial to the jugular vein. The inferior
petrosal sinus most often courses inferior to the
horizontally oriented portion of the glossopha-
ryngeal nerve and may join the jugular venous
system at any level. Approximately one jugular
foramen in five is separated by bone into two
canals along a portion of its length. A consistent
pars nervosa and pars venosa can be identified
only at the endocranial opening but not within
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the foramen. The division at the endocranial
opening is suggested by the jugular spine and
places the three cranial nerves and the inferior
petrosal sinus in the anterior pars nervosa and
the jugular vein in the posterior pars venosa.
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