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Introduction

Lesions involving the jugular foramen continue to be chal-
lenging surgical targets for themodern neurosurgeon. This is
mainly due to their deep location, proximity to major neu-
rovascular structures (►Fig. 1), and potential high vascular-
ity and invasiveness. Anatomical knowledge, coupled with
meticulous microsurgical technique, is a key element in
planning and executing any surgical intervention in this area.

The relatively benign natural history of many of these
lesions, along with advancements in radiation therapy, has
reduced the surgical indications in themanagement of jugular

foramen pathologies. However, the neurosurgeon and head-
and-neck surgeon should always consider surgery in complex
lesions that arenot amenable to radiation therapyalone. These
include lesions of larger size, with malignant biological beha-
vior, compressing the brain stem, and/or encasing important
neurovascular elements resulting in neurological deficits.1

Amultitude of surgical approaches andprocedures has been
described to access the jugular foramen, including the follow-
ing: the preauricular transinfratemporal fossa approach,2 distal
cervical approacheswithmandibular procedures,3–5 the lateral
transtemporal infralabyrinthineapproach,6–8 the juxtacondylar
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Abstract Introduction The jugular foramen occupies a complex and deep location between the
skull base and the distal-lateral-cervical region. We propose a morphometric anato-
mical model to deconstruct its surgical anatomy and offer various quantifiable target-
guided exposures and angles-of-attack.
Methods Six cadaveric heads (12 sides) were dissected using a combined postauri-
cular infralabyrinthine and distal transcervical approach with additional anterior
transstyloid and posterior far lateral exposures. We identified anatomical landmarks
and combined new and previously described contiguous triangles to expose the region;
we defined the jugular and deep condylar triangles. Angles-of-attack to the jugular
foramen were measured after removing the digastric muscle, styloid process, rectus
capitis lateralis, and occipital condyle.
Results Removing the digastric muscle and styloid process allowed 86.4° laterally and
85.5° anteriorly, respectively. Resecting the rectus capitis lateralis and jugular process
provided the largest angle-of-attack (108.4° posteriorly). The occipital condyle can be
drilled in the deep condylar triangle only adding 30.4° medially. A purely lateral
approach provided a total of 280.3°. Cutting the jugular ring and mobilizing the vein
can further expand the medial exposure.
Conclusion The microsurgical anatomy of the jugular foramen can be deconstructed
using a morphometric model, permitting a surgical approach customized to the
pathology of interest.
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approach,9,10 the infrajugular transjugular tubercle
approach,11,12 the retrolabyrinthine and translabyrinthine
suprajugular approaches,13 the far lateral supracondylar and
paracondylar approaches,14,15 the extreme lateral approach,16

and recently the endoscopic and endonasal approaches.17

Although there is awidevariability in the involvedsteps, several
approaches overlap and there is a lack of a standard surgical
language to simplify the anatomical understanding and the
rationalebehind choosing the appropriate surgical approach for
individual cases.18

Our approach has been to use the lateral distal cervical
postauricular approach to access pathologies involving the
jugular foramen.19,20 This approach offers a straightforward
corridor to the region, and its versatility allows for multiple
adaptations to specific lesions. Exposure can be obtained
without requiringmajormandibular procedures, facial nerve
rerouting, or condylar and occipitocervical destabilization.

In this article, we quantify the angles-of-attack to the
jugular foramen through the posterolateral perspective. Case
examples are used to illustrate the anatomical scheme and
the rationale involved in customizing the approach to the
targeted pathology.

Methods

Six preserved cadaveric heads (12 sides) were dissected at
the Medical Education and Research Institute microsurgical
laboratory in Memphis, Tennessee, United States. The heads
had no known intracranial or cervical pathology and were
fixed and injected with colored silicone rubber. All cadaver
specimens had preserved distal necks proximally at least to
the level of the omohyoid muscle.

A retroauricular curvilinear C-shaped skin incision was
made 3 cm posterior to the pinna and continued inferiorly to
the neck over the anterior border of the sternocleidomastoid
muscle. The cutaneous and muscular flaps were dissected

separately and reflected anteriorly to fully expose the mas-
toid triangle, defined between the asterion, mastoid tip, and
suprameatal crest.21 The neckwas dissected using a standard
medial sternocleidomastoid approach. We explored the car-
otid triangle—outlined by the omohyoid, the sternocleido-
mastoid muscle, and the digastric muscles—to expose the
carotid sheath and lower cranial nerves (►Figs. 2 and 3).22

The vagus nerve was dissected between the internal jugular
vein and the internal carotid artery, and the hypoglossal
nerve was identified in its anterior course just below the
digastric muscle.

Three major bony structures were palpated as key land-
marks to deconstruct the approach: the mastoid tip, styloid
process, and transverse process of the atlas (TP-C1). Muscular
attachments to these structures defined surgical triangles,
which were progressively unlocked (►Fig. 2).

The stylodigastric triangle was defined between the
digastric groove, styloid process, and the intersection
between the digastric and stylohyoid muscles (►Fig. 3).22

Detaching the digastric muscle and mobilizing it inferiorly
exposed the TP-C1 and the surrounding deep musculature
(i.e., the superior oblique, inferior oblique, and rectus capitis
lateralis). The accessory nervewas identified as it crossed the
anteroinferior border of TP-C1. We typically identified the
accessory nerve in that region before detaching the sterno-
cleidomastoid muscle to avoid its inadvertent injury. The
facial nerve was dissected between the styloid and the
mastoid processes before it enters the parotid gland. The
glossopharyngeal nerve was identified as it courses ante-
riorly and laterally to the internal carotid artery, just poster-
ior to the stylopharyngeus muscle.

Muscular triangles at the deeper level were recognized
after removing the digastric muscle, and carefully dissected.
These included the suboccipital triangle (found between the
superior and inferior oblique muscles),23 and the condylar
triangle (found between the superior oblique and rectus

Fig. 1 Anatomy of the jugular foramen. (A) The infratemporal fossa (ITF) represents the anterior aspect of the lateral external skull base, while the jugular
foramen (JF) occupies its posterior part. Bony borders of the jugular foramen include the jugular process of the occipital bone posteriorly,mastoid bone (M)
anddigastricgroove laterally, styloidprocess (St) anterolaterally, andoccipital condyle (OC)medially.Otherabbreviations:A, asterion; EAC,external auditory
canal; HC, hypoglossal canal; SMF, stylomastoid foramen. (B) Anatomical dissectionwith an inferior view to the jugular foramen region. The internal carotid
artery (ICA) enters the petrous bone anterior to the jugular vein (IJV). The rectus capitis lateralis (RCL) muscle inserts on the jugular process of the occipital
bone. (Reprinted from the online Rhoton Collection.) Other abbreviations: CEV, condylar emissary vein; Dig, digastric muscle; IPS, inferior petrosal sinus; SP,
styloid process; VA, vertebral artery; VII, facial nerve. (C) Drawing illustrating the limits of the jugular foramen: (a) jugular vein; (b) internal carotid artery; (c)
stylomastoid foramen; (d) styloidprocess; (e) rectus capitis lateralismuscle; (f) occipital condyle; (g)mastoidprocess; (h) digastric groove; (i) condylar canal;
(j) rectus capitis anterior muscle.

Journal of Neurological Surgery—Part B Vol. 80 No. B5/2019

Deconstruction of the Surgical Approach to the Jugular Foramen Region Basma et al. 519

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



capitis lateralis muscles).24 We also defined the jugular
triangle between rectus capitis lateralis, TP-C1, and the
base of the styloid process. This triangle represented the
lateral limit of the jugular foramen (►Fig. 4).

After reflecting the superior oblique muscle and to help
predict the precise location of the occipital condyle, we
established the “deep condylar triangle,” defined between
the condylar emissary vein, jugular process of the occipital
bone (the site of insertion of the rectus capitis lateralis), and
TP-C1 (►Fig. 4). Retracting the vertebral artery inferiorly
fully exposed the occipital condyle and the atlanto-occipital

joint. We then drilled the occipital condyle to unveil the
hypoglossal and condylar canals. Removing the bone super-
ior to the hypoglossal canal directed us to the jugular
tubercle and defined the suprahypoglossal triangle between
the hypoglossal dura inferiorly, foramen magnum dura
medially, and jugular bulb laterally. Drilling below the hypo-
glossal canal exposed the infrahypoglossal triangle between
hypoglossal dura, atlanto-occipital joint, and jugular fora-
men (►Fig. 4).25

We drilled the mastoid triangle to complete both an
infralabyrinthine and retrolabyrinthine approach,21 and

Fig. 3 (A) The carotid triangle is limited by the sternocleidomastoid (SCM), and the digastric (Dig) and omohyoid muscles. It contains the carotid
bifurcation and internal carotid artery (ICA), internal jugular vein (IJV) and its branches, the hypoglossal nerve (XII) and ansa cervicalis, the
accessory nerve (XI), and the origin of occipital artery (OA). (B, C) The stylodigastric triangle is defined by the (a) digastric muscle, (b) the styloid
muscles, and an imaginary line between the digastric groove and base of the styloid process. Labels: (c) external carotid artery; (d) internal
jugular vein; (e) mastoid process; (f) accessory nerve; (g) vagus nerve; (h) hypoglossal nerve; (i) occipital artery; (j) facial nerve; (k) styloid
process; (l) posterior auricular artery; (m) glossopharyngeal nerve; (n) artery to the stylomastoid foramen.

Fig. 2 Surgical landmarks and triangular framework. (A) Themastoid tip (M), styloid process (SP), and transverse process of theatlas (TP-C1) are threemajor
bony structures, which can be palpated to guide the surgical approach to the jugular foramen. (B, C) Severalmuscles attach to and/or cross these structures,
such as the (1) digastric, (2) stylohyoid, (6) rectus capitis lateralis, (3) superior oblique, (4) inferior oblique, and (5) levator scapulaemuscles. These muscles
delineate well-defined surgical triangles, such as the stylodigastric, suboccipital, and condylar triangles.
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we skeletonized the fallopian canal. The region of the jugular
foramen was identified between the rectus capitis lateralis
and the jugular process of the occipital bone posteriorly, the
stylomastoid foramen and the facial nerve laterally, and the
styloid process anterolaterally. Afibrous structure—the jugu-
lar ring—was identified around the jugular vein at that level.
Cutting this ring allowed us to mobilize the vein and expose
the lower cranial nerves medially. Further medial exposure
was limited by the inferior petrosal sinus, which had to be
divided to complete the mobilization of the jugular vein at
the skull base (►Fig. 5).

We quantified the angles-of-attack to the jugular fora-
men, using the jugular vein at the level of the jugular ring as
reference. The perimeter of the jugular vein was measured
after its complete exposure from which we deduced its
radius by approximating its shape into a perfect cylinder
(r ¼ P/2π, where r is the radius of the jugular vein at the skull

base and P is its perimeter). Specific surgical steps resulted in
the visualization of certain arcs of the jugular vein at the skull
base in the axial plane. These arcsweremarkedwith dye, and
their length measured with a thread and caliper. We were
then able to measure the exposed arc lengths of the jugular
vein after performing each of the following steps: (1) drilling
the mastoid bone and detaching the digastric muscle, (2)
removing the rectus capitis lateralis muscle and drilling the
jugular process of the occipital bone, (3) removing the styloid
process and styloid muscles, and (4) drilling the occipital
condyle. The angles of exposure after each stepwere deduced
mathematically from the formula: arc (degrees) ¼ 180.L/π.r,
where L is the exposed arc length and r is the radius of the
jugular vein at the jugular foramen.

We then considered the jugular fossa from a craniocaudal
perspective. The sigmoid sinus assumed an anterolateral
turn toward the jugular bulb above the level of the jugular

Fig. 4 (A) Detaching the digastric muscle exposes the deeper surgical triangles, including the suboccipital triangle (green), limited by the superior and
inferior obliques muscles; the condylar triangle (red), between the superior oblique and the rectus capitis lateralis (RCL); and the jugular triangle (purple),
between the RCL, TP-C1, and the base of the styloid. Labels: (a) internal jugular vein; (b) facial nerve; (c) artery of the stylomastoid foramen; (d) occipital
artery (reflected down); (e) accessory nerve; (f) vagus nerve; (g) hypoglossal nerve; (h) internal carotid; (i) external carotid; (j) stylohyoid muscle. (B) The
deep condylar triangle is exposed after reflecting the superior oblique muscle; the atlanto-occipital joint is seen after retracting the vertebral artery.
Abbreviations: CEV, condylar emissary vein; TP-C1, transverse process of theatlas. (C) The (1) suprahypoglossal and (2) infrahypoglossal triangles are shown
after drilling the occipital condyle. Abbreviations: aSMF, artery of stylomastoid foramen; JB, jugular bulb; SCC, semicircular canals; SS, sigmoid sinus; VII,
facial nerve; XII, hypoglossal nerve.

Fig. 5 (A) The jugular vein can be gently mobilized after cutting the jugular ring (JR), exposing the lower cranial nerves medially. (B) Further
medial exposure is limited by the inferior petrosal sinus (IPS), a tributary of the jugular vein (IJV) at the jugular foramen. Abbreviations: CN,
cranial nerve; SS, sigmoid sinus.
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foramen, separating anatomical spaces above and below the
jugular fossa. We qualitatively examined the suprajugular
angle-of-attack through the mastoid bone, and the infraju-
gular angle through the occipital condyle.

Representative cases were chosen to illustrate the advan-
tagesofcustomizingsurgical approaches tothejugular foramen.

Results

Anatomical Boundaries of the Jugular Foramen
The microsurgical anatomy of the jugular foramen has been
previously described in detail.8,26 We summarize the anato-
mical boundaries of the jugular fossa and foramen in►Table 1.
Understanding these limits is necessary to plan the surgical
approach and tailor it to the targeted pathology. Briefly, the
jugular fossa is limited by the labyrinth superiorly; internal
carotid artery anteriorly; styloid process anterolaterally; rec-
tus capitis lateralis, TP-C1, and thevertebral arteryposteriorly;
hypoglossal nerve and occipital condyle medially; mastoid
bone, digastric muscle, and facial nerve laterally (►Fig. 1).
Since the jugular foramen has a deep location at the interface
between the distal neck and the external skull base, access to
each of its borders requires opening specific surgical corridors.

Surgical Triangles
Triangles of the distal cervical region and posterolateral skull
basehavebeenpreviously described in separate reports.21–25

We deconstructed the jugular foramen anatomy into con-
tiguous triangles, similar to cavernous sinus andmiddle fossa
triangles (►Table 2). These triangles, defined by specific
landmarks (the mastoid tip, TP-C1, and styloid process),
create a simplified surgical roadmap to the region (►Fig. 2).

The carotid triangle gives access to the proximal carotid
artery and its bifurcation, internal jugular vein, and lower
cranial nerves X, XI, and XII. The glossopharyngeal nerve is
identified in the stylodigastric triangle anteriorly and laterally
to the distal internal carotid artery (►Fig. 3). Detaching the

digastric muscle exposes the distal internal jugular vein as it
enters the jugular foramen anteriorly to the rectus capitis
lateralis. This muscle and the styloid base define the “jugular
triangle,” which is the lateral limit of the jugular foramen
(►Fig. 4). On the other hand, removing the styloid process and
its muscles opens the anterior aspect of the stylodigastric
triangle, exposing thedistal internal carotid artery.Drilling the
mastoid bone inferior and posterior to the labyrinth in the
mastoid triangle completes the exposure of the sigmoid sinus
and the jugular bulb superiorly (suprajugular triangle25).

The superior and inferior oblique muscles are identified
after reflecting thedigastricmuscle. Thevertebral arterycanbe
safely dissected between these muscles in the suboccipital
triangle. On the superior side of the superior oblique, we find
the condylar triangle, which is bound laterally by the rectus
capitis lateralis and harbors the occipital condyle. When pre-
sent, the condylar emissary vein helps define the medial limit
of the occipital condyle in the “deep condylar triangle” (dis-
cernedin80%ofourspecimens). If thecondylaremissaryvein is
not present, the lateral border of the foramenmagnum can be
usedasamedial limit to thedeepcondylar triangle.Drilling the
cancellous bone of the occipital condyle exposes the cortical
bone of the hypoglossal canal. The area above the hypoglossal
canal leads to the jugular tubercle (suprahypoglossal or supra-
condylar triangle), while below, the infrahypoglossal triangle
gives access to the occipitocervical joint (►Fig. 4).

Angles-of-Attack to the Jugular Foramen
The average length of the jugular vein from the skull base to
the lower edge of the digastric muscle was 39.3mm. After
removing the jugular ring and mobilizing the jugular vein at
the jugular foramen, its average perimeter was found to be
17.3mm (range, 12–24 mm). Its calculated radius was
2.75 mm. Drilling the infralabyrinthine mastoid bone and
reflecting the digastric muscle exposed an arc length of
4.1 mm at the lateral aspect of the jugular vein as it enters
the skull base. This allowed an average angle-of-attack of

Table 1 Boundaries of the jugular fossa and the jugular foramena

Border Bone intracranial Bone extracranial Neurovascular structures Muscle

Superior Otic capsule EAC
Tympanic cavity

Cochlea
SCC’s

Tensor tympani

Anterior Carotid canal
(vertical segment)

Carotid ridge
Styloid process and
vaginal process of TB

Internal carotid artery Styloid muscles
Tensor tympani

Posterior Sigmoid groove Jugular process
of occipital bone
TP of atlas

Vertebral artery
C1 nerve root

Rectus capitis lateralis

Medial Occipital condyle
Hypoglossal canal
Jugular tubercle

Occipital condyle
Hypoglossal canal

Hypoglossal nerve Rectus capitis anterior

Lateral Mastoid air cells Mastoid
Digastric groove
Styloid
Mandibular ramus

Facial nerve
Occipital artery

Digastric
SCM
Styloid muscles

Abbreviations: EAC, external auditory canal; SCC: semicircular canals; SCM, sternocleidomastoid muscle; TB, temporal bone; TP, transverse process.
aSince the jugular foramen is located at the transition between the skull base and the distal neck, each border has an intracranial and an extracranial aspect.
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86.4°. Removing the rectus capitis lateralis exposed an
additional arc length of 5.2 mm with a posterior angle of
exposure of 108.4°. Detaching the styloid muscle and the
styloid process exposed an arc length of 4.1 mm of the
internal jugular vein with an anterior angle-of-attack of
85.5° (►Fig. 6). It also allowed further access to the distal
internal carotid artery as it enters the petrous canal. Com-
bining these three steps, which can be performed through a
lateral postauricular distal cervical approach, provided a
total of 280.3°of exposure around the jugular foramen.

Drilling the occipital condyle added an exposed arc length
of 1.4 mm with a medial angle of 30.4° in the horizontal
plane. However, from a craniocaudal perspective, drilling the
occipital condyle and the jugular tubercle allowed for an
inferior angle-of-attack to the jugular fossa (infrajugular). On
the other hand, drilling the retrolabyrinthine mastoid bone
increased the exposure superior to the jugular bulb (supra-
jugular angle-of-attack) (►Fig. 6). The jugular bulbwas found
to be high riding in five sides (in 42% of cases). When the
jugular bulb is low-lying, there is a larger “supra-jugular”
space that can be used to widen the presigmoid exposure.

Discussion

Deconstructing the anatomy of the jugular foramen into
surgicalwindows helps in understanding the overlap between

the different approaches and their variations. Depending on
the desired angle-of-attack, individual steps can be selectively
addedtoeachapproachandadjusted to thetumor locationand
extension. Among the different approaches, the lateral trans-
temporal approach offers a 280° exposure around the jugular
foramen region, even without mandibular dislocation or dril-
ling the occipital condyle.

Several mandibular procedures are employed to widen
the exposure anteriorly to the jugular foramen and to the
distal carotid artery, including mandibulotomy, mandibu-
lectomy, mandibular subluxation, and vertical ramus osteot-
omy.3–5 These may result in higher morbidities, such as
malocclusion, temporomandibular joint dysfunction, wound
infection, painful clinical recovery, and cranial nerve injury.
Removing the styloid process provides adequate exposure to
the distal carotid artery and to the anterior aspect of the
jugular foramen in many cases (►Fig. 7). Drilling the vaginal
process of the tympanic bone and mobilizing the internal
carotid artery can further expand this exposure. However, if
the pathology is originating anteriorly in the infratemporal
fossa and displacing the carotid artery posteriorly, then it is
more appropriate to perform an anterior preauricular sub-
temporal–infratemporal fossa approach.2,8

Being the superior border of the carotid triangle, the
digastric represents a natural obstacle to the lateral aspect
of the distal carotid artery and internal jugular vein. The

Table 2 Skull base and distal cervical triangles leading to the region of the jugular foramena

Triangle Borders (length in mm) Contents

(1) Carotid SCM
(56.3)

Omohyoid
(27)

Digastric
(45.6)

CCA, ICA, ECA, IJV, CN X–XII, ansa

(2) Mastoid SMC to
asterion
(26.2)

SMC to
mastoid tip
(33.2)

Asterion to
mastoid tip
(43.7)

Sigmoid sinus, jugular bulb, otic
capsule, CN VII, ES

(3) Stylodigastric Digastric groove
to base of styloid
(27)

Styloid muscles
(38.7)

Digastric
(posterior belly)
(48.7)

CN VII, CN IX, posterior auricular
artery, distal IJV, distal ECA/ICA

(4) Jugular RCL
(20.8)

TPC1 to
styloid base
(21.6)

Jugular process
to styloid base
(25.4)

Lateral jugular foramen and IJV,
CN VII–XII, ICA

(5) Suboccipital Superior oblique
(44.5)

Inferior oblique
(37.1)

Rectus capitis
posterior
major (28.1)

Vertebral artery, C1 nerve root,
venous plexus

(6) Condylar Superior oblique
(45)

RCL
(21.1)

Occipital bone
(39.8)

Occipital condyle, occipital artery,
hypoglossal canal

(7) Deep Condylar RCL to CEVb

(22.8)
CEVb to TPC1
(26.8)

RCL
(17.6)

Hypoglossal canal
CEV

(8) Suprahypoglossal Hypoglossal dura
(9.8)

Suboccipital/foramen
magnum dura
(5.1)

Jugular bulb
(6.3)

Jugular tubercle

(9) Infrahypoglossal Hypoglossal dura
(10.1)

Atlanto-occipital joint
(9.1)

Jugular foramen
(5.1)

Atlanto-occipital joint

Abbreviations: CCA, common carotid artery; CEV, condylar emissary vein; CN, cranial nerve; ECA, external carotid artery; ES, endolymphatic sac;
ICA, internal carotid artery; IJV, internal jugular vein; RCL, rectus capitis lateralis; SCM, sternocleidomastoid muscle; SMC, suprameatal crest; TPC1,
transverse process of the atlas.
aThe length of each triangular border is the average of 12 measurements obtained from the dissected specimens.
bIf the CEV is not present, the lateral aspect of the foramen magnum was used as a landmark.
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digastric groove lies at the lateral aspect of the jugular
foramen between the mastoid process of the temporal
bone and the jugular process of the occipital bone. Detaching
the digastric muscle is a key step in exposing the distal

internal carotid artery and jugular foramen.27,28 Care must
be taken to avoid injuring the accessory nerve and occipital
artery traversing underneath it. An infralabyrinthine mas-
toidectomy is also necessary to access the lateral aspect of
the sigmoid sinus and jugular foramen superiorly.

Removing the rectus capitis lateralismuscle anddrilling the
jugular process of the occipital bone have been advocated by
the senior author to significantly increase the posterior expo-
sure around the jugular foramen.20 This stepwas found to add
thewidest angle-of-attack to the jugular foramen in our study.
This maneuver can also be performed from a posterior expo-
sure through a paracondylar extension of the far lateral
approach.14 The rectus capitis lateralis muscle and the con-
dylar triangle it defines with the superior oblique muscle are
useful intraoperative landmarks in understanding the overlap
between the posterior and lateral approaches.14,24

Exposure of the medial aspect of the jugular foramen can
be achieved from a lateral approach. If the pathology is
intrajugular (e.g., a glomus jugulare tumor), the jugular
vein is opened and the medial wall kept intact to protect
the lower cranial nerves coursing beneath it. Sometimes the
tumor creates a trans-sigmoid/jugular corridor to the jugular
foramen, and its tract can be safely followed after securing a
proximal and distal venous control. If the pathology is
extrajugular, the jugular ring can be cut and the vein mobi-
lized, allowing better visualization of the lower cranial
nerves medially (e.g., lower cranial nerve schwannomas).
However, the jugular vein is tethered at the skull base by the
inferior petrosal sinus and care must be taken to avoid
avulsing the vein during such medial dissections.

The far lateral, presigmoid, and retrosigmoid extensions
can be added to further address the medial intradural and
intracranial aspect of the jugular foramen. The retrosigmoid
and presigmoid approaches are particularly indicated for
tumors extending intracranially from the jugular foramen, or
those extending to the jugular foramen area from an intra-
cranial origin, such as lower cranial nerve dumbbell-shaped
schwannomas. The suprajugular bone inferior to the internal
auditory meatus and surrounding the glossopharyngeal fold
can be drilled intracranially to expose the roof of the jugular
foramen and the glossopharyngeal nerve.13

Drilling the occipital condyle in our study did not sig-
nificantly increase the medial exposure to the jugular fora-
men. However, and especially when the jugular tubercle is
resected (i.e., the supracondylar approach), it did allow for an
inferior angle-of-attack to the jugular fossa. The supracon-
dylar approach is traditionally directed above the hypoglos-
sal nerve, medially through the jugular tubercle, to increase
the exposure to the clivus and basal cisterns.15,16 Capitaliz-
ing on the infrajugular exposure, a juxtacondylar approach to
the jugular foramen has been endorsed, which relies on the
resection of the jugular tubercle with a more limited mas-
toidectomy. This approach permits an inferior access to the
jugular foramen compared with the superior and lateral
exposure obtained by the infralabyrinthine transtemporal
approach.9,10 On the other hand, extending the mastoidect-
omy to include the retrolabyrinthine or translabyrinthine
regions provides a wider suprajugular exposure above the

Fig. 6 Angles of attack to the jugular foramen. The digastric muscle
allows for a lateral exposure (A), while the styloid process and the
rectus capitis lateralis provide access to the anterior and posterior
aspects of the jugular foramen, respectively (B). Abbreviations: ICA,
internal carotid artery; IJV, internal jugular vein; IO, inferior oblique
muscle; M, mastoid process; OA, occipital artery; RCL, rectus capitis
lateralis; SO, superior oblique muscle. (C) Measured angles of attack
to the jugular foramen depicted in an anatomical drawing. Legend:
Red, digastric muscle; green, rectus capitis lateralis; yellow, styloid
process; purple, occipital condyle; blue, medial exposure. (D) Trans-
condylar infrajugular (red arrow) and retrolabyrinthine suprajugular
(green arrow) angles of attack to the jugular foramen. Abbreviations:
aSMF, artery of the stylomastoid foramen; HC, hypoglossal canal; SCC,
semicircular canals.
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jugular bulb. Liu et al reported a combined transmastoid
transcondylar transtubercular high cervical approach to
achieve a wide multidirectional exposure.12 This approach
is designed to maximize access laterally, superiorly (infra-
labyrinthine), and inferiorly (trans-jugular tubercle) to the
jugular foramen with added suboccipital and retrosigmoid
extensions if needed.

Even though the terminologyof surgical approaches to the
jugular foramen is variable, and sometimes confusing, the
anatomy is consistent. Understanding the anatomical rela-
tionships simplifies the involved surgical steps and allows for
a focused strategy. The lateral postauricular distal cervical
approach is versatile and permits different adaptations for
individual cases. Preoperative imaging should be closely
examined to plan surgery. Key factors include displacement
of the internal carotid artery, involvement of the jugular vein,
presence of intracranial disease, extension into the occipi-
tocervical joint, location of the vertebral artery, and involve-
ment of the hypoglossal canal.

We suggest a simplified model to deconstruct the surgical
anatomy and lateral approach to the jugular foramen into
geometrical windows and landmarks, based on previous
descriptions, our laboratory observations, and the senior
author’s clinical experience. However, operating on jugular
foramen pathology remains complex and necessitates dedi-
cated skull base training. The present dissections were per-
formedon injectedcadaveric specimens, andextrapolating the
actual measurements to live conditions may not be accurate

Conclusion

To simplify the anatomy and surgical approaches to the
jugular foramen, we propose an anatomical model that
collectively includes contiguous surgical triangles leading
to the region. These triangles permit a deconstruction of

individual steps and helps in choosing a strategy adapted to
each individual case. The postauricular lateral distal cervical
approach is flexible and can offer a 280°exposure around the
jugular foramen.
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