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Three-Dimensional Stereoscopic Printing

Study
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ABSTRACT

Objective: The infratemporal fossa (ITF) is a continuation of the
temporal fossa between the internal surface of the zygoma and the external surface
of the temporal bone and greater wing of the sphenoid bone that is sitting deep to
the ramus of the mandible. The principal structure to understanding its relation-
ships is the lateral pterygoid muscle. Other important structures are the medial
pterygoid muscle, the maxillary artery, the pterygoid venous plexus, the otic
ganglion, the chorda tympani nerve and the mandibular nerve. In this study, we
describe the microsurgical anatomy of the ITF, as viewed by step-by-step
anatomical dissection and also through the perspective of three lateral approaches
and one anterior surgical approach. Methods: Eight cadaver specimens were
dissected. In one side of all specimens, an anatomical dissection was done in
which a wide preauricular incision from the neck on the anterior border of the
sternoclidomastoid muscle at the level of the cricoid cartilage to the superior
temporal line was made. The flap was displaced anteriorly and the structures of the
neck were dissected followed by a zygomatic osteotomy and dissection of the ITF
structures. On the other side were the surgical approaches to the ITF. The
combined infratemporal and posterior fossa approach was done in two specimens,
the subtemporal preauricular infratemporal fossa approach in two, the zygomatic
approach in two, and the lateral transantral maxillotomy in two. The anatomical
dissections were documented on the three-dimensional (3D) anaglyphic method
to produce stereoscopic prints. Results: The lateral pterygoid muscle is one of the
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principal structures to enable understanding of the relationships into the ITF. The
tendon of the temporal muscle inserts in the coronoid process at the ITF. The
maxillary artery is the terminal branch of the external carotid artery that originates
at the neck of the mandible and runs into the parotid gland. In our dissections the
maxillary artery was lateral to the buccal, lingual, and inferior alveolar nerves. We
found the second part of the maxillary artery superficial to the lateral pterygoid
muscle in all specimens The anterior and posterior branches of the deep temporal
artery supply the temporal muscle. In two cases we found a middle deep temporal
artery. The different approaches that we used provided different views of the same
anatomical landmarks and this provides not only safer surgery but also the best
choice to approach the ITF according with the pathology extension. Conclusions:
The ITF is a complex region on the skull base that is affected by benign and
malignant tumors. The study through different routes is helpful to disclose the
relationship among the anatomical structures. Although the authors have shown
four approaches, there are a variety of approaches and even a combination of these
can be used. This type of anatomical knowledge is essential to choosing the best

approach to treat lesions in this area.

KEYWORDS: Infratemporal fossa, surgical anatomy, approaches,
paraganglioma, mandibular nerve

The infratemporal fossa (ITF) is a continu-
ation of the temporal fossa between the internal
surface of the zygoma and the external surface of the
temporal bone and greater wing of the sphenoid
bone. It is sitting deep to the ramus of the mandible.
The principal structure to enable understanding of
these relationships is the lateral pterygoid muscle.
Other important structures include the medial pter-
ygoid muscle, the maxillary artery, the pterygoid
venous plexus, the otic ganglion, the chorda tym-
pani nerve, and the mandibular nerve. ! ™

The purpose of this article is to show our
anatomical dissections regarding the ITF and its
variations and analyze different skull base ap-
proaches to this complex region.

MATERIAL AND METHODS

The dissections were performed on eight cadaveric

heads at the Dianne and M. Gazi Yasargil Educa-

tional Center Microsurgical Laboratory. The heads
were fixed in Carolina’s Perfect Solution®™ (Caro-
lina Biological Supply Company, Burlington, NC).
Arteries and veins were perfused with colored latex
to enhance their visibility. On one side of all speci-
mens, an anatomical dissection was done via a wide
preauricular incision from the neck on the anterior
border of the sternoclidomastoid muscle at the level
of the cricoid cartilage to the superior temporal line.
The flap was displaced anteriorly. The next steps are
summarized as follows. The branches of the facial
nerve and the parotid duct were dissected. The
parotid fascia and parotid gland were removed
preserving the facial nerve. The masseter muscle
was cleaned and resected. The temporoparietalis
fascia (superficial temporal fascia) and the fat pad
were removed along the zygomatic arch. The zy-
gomatic arch was cut and taken out. The superficial
temporal artery (STA) and the auriculotemporal
nerve were identified over the deep temporal fascia.
The coronoid process of the mandible was cut and
reflected upward with the temporal muscle tendon,



ITF: ANAGLYPHIC 3D STEREOSCOPIC PRINTING/ISOLAN ET AL

287

while the insertion of the deep layer of the masseter
muscle was resected. The neck of the mandible was
cut and another cut was made at the level of the
angle. This part of the mandible was resected and
the structures of the ITF identified.

On the other side surgical approaches to the
ITF were performed. The combined infratemporal
and posterior fossa approach was used in two speci-
mens, the subtemporal preauricular ITF approach
in another two, the zygomatic approach in two
others, and the lateral transantral maxillotomy in
the final two. The steps of these approaches are
detailed in the results.

The anatomical dissections were docu-
mented on the three-dimensional (3D) anaglyphic
method to produce stereoscopic prints, in which
the same object is photographed from two differ-
ent positions. The first corresponds to a view of
the left eye and the second to the right eye. The
images were superimposed with previously defined
software coordinates and printed. To see the
printed pictures, 3D glasses with colored lenses
are required. The technique used by the authors
was the same as previously described.” To docu-
ment our dissections we used a digital camera

(Nikon D70).

RESULTS

Microanatomy

LIMITS

The zygomatic process of the temporal bone divides
the temporal from the ITF. There is no anatomical
floor located in the ITF. The roof is the greater
wing of the sphenoid bone, the medial wall is the
lateral pterygoid plate, the lateral wall is the ramus
of the mandible, the posterior wall is the articular
tubercle of the temporal bone and the spine of the
sphenoid bone. This anatomical region has com-
munication through the pterygomaxillary fissure
with the pterygopalatine fossa." The medial pter-
ygoid fascial layer and the medial pterygoid muscle

are the boundaries between the ITF and the para-
pharyngeal space.®

The limits and osseous relationships of the
ITF are shown in Fig. 1. The steps of the anatom-
ical dissections are shown in Figs. 2 through 9.

MUSCULAR RELATIONSHIPS

To understand the surgical approaches to the ITF,
it is necessary to have knowledge not only of the
pterygoid muscles but also of the masseter and
temporalis muscles. The tendon of the temporalis
muscle is sitting in this space.

The masseter muscle is covered by the mas-
seteric fascia’ and is formed by three muscular layers
(superficial, middle, and deep). The superficial layer
has tendineous septum between muscular fibers and
is a continuation of an aponeurosis that arises from
the zygomatic bone at the maxillary process and the
anterior part of the inferior border of the zygomatic
arch. This layer then inserts into the lateral surface
of the mandibular ramus and angle. The middle
layer arises from the medial portion of the anterior
part of the zygomatic arch and from the inferior
border of the posterior part and then inserts into the
central part of the mandibular ramus. The deep
layer originates from the zygomatic arch more
deeply, and inserts into the coronoid process and
upper part of the mandibular ramus. The masseter
muscle is supplied by the masseteric branch that has
its origin in the second part of the maxillary artery
which is deep to the muscle, and by two other
arteries that run superficial to the muscle: the facial
and transverse facial arteries. The masseter is in-
nervated by the masseteric branch of the mandibular
nerve.

The temporal muscle is a fan-shaped muscle
that lies in the temporal fossa. This muscle has a
main portion, along with the anteromedial, antero-
lateral, and middle lateral bundles. It also arises in
the temporal fossa and its fibers insert as two
separate tendinous heads (superficial and deep)
that run deep to the zygomatic arch and insert in
the coronoid process and the anterior border of the
ramus of the mandible. Although it is difficult to
individualize the tendons separately at its insertion,
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Figure 1 Limits of the ITF and bone relationships. (A) Oblique lateral view of the ITF. (B) Same view after removal of
the mandible. (C) Inferior aspect of the cranium. (D) Interior view of the cranial base. The circle on the right middle
fossa represents approximately the correspondence of the ITF in the middle fossa. (E) Lateral view of the ITF after
sagittal paramedian section. (F) Note that the depression of the mandible (open mouth) gives more access to the ITF
laterally. 1, zygomatic process of the temporal bone; 2, temporal fossa; 3, greater wing of the sphenoid; 4, lateral
pterygoid plate; 5, medial pterygoid plate; 6, mandibular ramus; 7, articular tubercle of the temporal bone; 8, spine of
the sphenoid bone; 9, pterygomaxillary fissure; 10, pterygopalatine fossa; 11, foramen spinosum; 12, foramen ovale;
13, foramen rotundum; 14, clivus; 15, occipital condyle; 16, coronoid process; 17, styloid process. ITF, infratemporal
fossa.
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Figure 2 Lateral view of the superficial dissection of the
left face. 1, orbicularis oculi (palpebral part); 2, orbicularis
oculi (orbital part); 3, zygomaticus minor and major;
4, buccal fat pad; 5, parotid duct; 6, accessory parotid
gland; 7, masseter muscle; 8, parotid fascia over the
parotid gland; 9, superficial temporal artery; 10, temporal
fascia (deep temporal fascia); 11, temporoparietal fascia
(superficial temporal fascia); 12, great auricular nerve;
13, sternocleidomastoid muscle; 14, internal jugular vein;
15, common carotid artery; 16, facial artery; 17, nasalis
(more medially) and levator labii superioris alaeque nasi.

A
Figure 4

Figure 3 Lateral view of the superficial dissection of the
left face. The majority of the parotid tissue was removed to
expose the facial nerve branches. A blue field was put
under the nerves to enhance them. The distal ramification
as well as the parotid plexus are not shown. 1, facial nerve
(superior trunk); 2, facial nerve (inferior trunk); 3, cervical
branch; 4, mandibular branch; 5, buccal branch; 6, zygo-
matic branch; 7, temporal branches; 8, superficial temporal
artery; 9, superficial temporal vein; 10, auriculotemporal
nerve; 11, great auricular nerve; 12, masseter muscle.

(A) Lateral view of the deep dissection of the left face. The masseter muscle was removed. Note the insertion of

the temporal tendon into the coronoid process and anterior aspect of the mandible. 1, mentalis muscle; 2, depressor labii
inferioris; 3, depressor anguli oris; 4, fibers of the platisma muscle; 5, orbicularis oris muscle; 6, risorius muscle;
7, zygomatic major muscle; 8, facial artery; 9, angle of the mandible; 10, retromandibular vein; 11, coronoid process;
12, condylar process; 13, coronoid process; 14, zygomatic bone; 15, superficial temporal artery; 16, buccal fat pad; 17,
medial pterygoid muscle. (B) The figure shows the stereoscopic view.
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Figure 5 (A) Lateral view of the ITF. The zygoma and part of the mandible were removed. The condylar process was
left to show the insertion of the lateral pterygoid muscle in the pterygoid fovea in the neck of the mandible. 1, facial
artery; 2, buccinator muscle; 3, posterior superior alveolar artery; 4, sphenopalatine artery; 5, anterior and posterior deep
temporal arteries; 6, lateral pterygoid muscle (upper head); 7, maxillary artery; 8, lateral pterygoid muscle (lower head);
9, buccal nerve; 10, buccal artery; 11, styloid process; 12, medial pterygoid muscle; 13, lingual nerve; 14, inferior alveolar
nerve; 15, external carotid artery; 16, posterior auricular artery; 17, digastric muscle (posterior belly); 18, angle of the
mandible; 19, condylar process; 20, superficial temporal artery. (B) The figure shows the stereoscopic view. ITF,
infratemporal fossa.

the superficial part is more related to the lateral
surface of the coronoid process. One important
consideration that has implications for the surgical
approaches is the anatomical study of the fascia

that blends superiorly in the galea aponeurotica and
the temporal fascia (deep temporal fascia). Between
this was fat tissue and loose areolar tissue (tempor-
parietal fat pad). There was fat tissue always

between the deep temporal fascia and the temporal
muscle fibers and fat tissue superficial to the

related to the temporal muscle. We identified the
temporoparietal fascia (superficial temporal fascia)

Figure 6 (A) Lateral view of the ITF. The lateral pterygoid process and the condylar process were removed. 1, posterior
superior alveolar artery; 2, infraorbital artery; 3, sphenopalatine artery; 4, descending palatine artery (not injected);
5, maxillary artery; 6, lateral pterygoid plate; 7, buccal nerve; 8, buccal artery; 9, lingual nerve; 10, inferior alveolar nerve;
11, medial pterygoid muscle; 12, inferior alveolar artery; 13, middle meningeal artery; 14, deep temporal nerve; 15, anterior
deep temporal artery; 16, posterior deep temporal artery; 17, digastric muscle (posterior belly); 18, posterior auricular
artery; 19, posterior auricular artery; 20, external acoustic meatus; 21, mastoid. (B) The figure shows the stereoscopic
view. ITF, infratemporal fossa.
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Figure 7 Posterior oblique view of the neck and part of the left ITF. 1, posterior auricular artery; 2, mastoid; 3, occipital
artery; 4, middle pterygoid muscle; 5, external carotid artery; 6, internal jugular vein; 7, accessory nerve; 8, levator scapula
muscle; 9, superior obliqgue muscle; 10, transverse process of atlas; 11, inferior oblique; 12, rectus capitis posterior major
muscle; 13, rectus capitis posterior minor; 14, right jugular bulb; 15, right vertebral artery; 16, deep cervical vein and artery.
(B) The figure shows the stereoscopic view. ITF, infratemporal fossa.

superficial temporal fascia, although with a variable
amount in the different specimens. In our dissec-
tions the temporal branch of the facial nerve was
found inside the temporoparietal fat pad but super-
ficially, meaning that it was related to the internal
surface of the superficial temporal fascia. The fascial
nerve fibers were also identified on the superficial

Figure 8 Lateral view of the ITF and neck, emphasizing
the branches of the external carotid artery. 1, superior
thyroid artery; 2, inferior pharyngeal constrictor muscle;
3, thyroid cartilage; 4, submandibular gland; 5, lingual
artery; 6, hypoglossal nerve; 7, facial artery; 8, ascending
palatine artery; 9, stylohyoid muscle; 10, styloglossus
muscle; 11, ascending pharyngeal artery; 12, internal
jugular vein sectioned; 13, vertebral artery; 14, suboccipital
triangle with venous plexus and muscular branches from
the vertebral artery; 15, styloid process and posterior
auricular artery; 16, maxillary artery; 17, infraorbital nerve;
18, buccinator muscle. ITF, infratemporal fossa.

temporal fascia, inside the fat tissue. The deep
temporal fascia split into superficial and deep lam-
inae that attached to the lateral and medial surfaces
of the zygomatic bone. These aspects are detailed in
a previous article.®

The lateral pterygoid muscle has an upper
head that originates in the roof of the ITF and in
the infratemporal crest (inferior portion of the
greater wing of the temporal bone) and a lower
head that originates in the lateral surface of the
lateral pterygoid plate (Fig. 5). The insertion is the
same for both parts; in the pterygoid fovea that is a
convex space in the neck of the mandible. The
vascular supply is from the pterygoid branches of
the maxillary artery and the ascending palatine
branch of the facial artery. The innervation is from
the anterior trunk of the mandibular nerve (Fig. 6).

The medial pterygoid muscle lies in the
medial aspect of the ramus of the mandible
(Fig. 6). It has a deep large head and a minor
superficial head. The origin of the deep head is
the medial surface of the lateral pterygoid plate and
the pyramidal process of the palatine bone. The
superficial head is from the maxillary tuberosity and
the pyramidal process of the palatine bone. The two
heads embrace the lower head of the lateral pter-
ygoid and unite to insert on the medial surface of
the ramus of the mandible near its angle. The
arterial supply is from the pterygoid ramus of the
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Figure9 (A) Lateral superior view of the ITF. Part of the middle fossa floor was removed to expose the ITF. The gasserion
ganglion was resected to expose the intrapetrous portion of the ICA. The floor of the anterior fossa was resected also.
1, semicircular canals; 2, superior petrosal sinus; 3, superior surface of the cerebellum; 4, great cerebral vein (Galen);
5, substantia nigra; 6, cranial nerves VIl and VIII; 7, cranial nerve V; 8, cochlea; 9, geniculate ganglion; 10, middle meningeal
artery; 11, ICA (intrapetrous portion); 12, ICA (intracavernous portions); 13, ICA (subclinoidal portion); 14, cranial nerve I,
15, orbit; 16, maxillary nerve; 17, lateral pterygoid muscle (upper head); 18, part of the pterygoid plexus; 19, V3. (B) The
figure shows the stereoscopic view. ITF, infratemporal fossa; ICA, internal carotid artery.

Figure 10 Combined infratemporal and posterior fossa approach. (A) After the incision (inset) the flap is reflected
anteriorly and the external meatus is sectioned and closed in a blind sac as described by Ugo Fisch (oval). (B) The
neurovascular structures are exposed in the neck to proximal control. The arrow indicates the greater auricular nerve.
(C) The petrosectomy is performed. The inset shows the facial nerve, the ossicles, and semicircular canals. (D) Final
anatomical view of the neurovascular structures in the neck and the presigmoid and temporal fossa dura after
petrosectomy. The semicircular canals are preserved and the facial nerve is transposed anteriorly. 1, great auricular
nerve; 2, digastric muscle (posterior belly); 3, duplicated internal jugular vein; 4, glossopharyngeal nerve; 5, internal carotid
artery; 6, sympathetic trunk; 7, accessory nerve; 8, hypoglossal nerve; 9, vagus nerve; 10, inferior oblique nerve;
11, mastoid drilled; 12, facial nerve; 13, semicircular canals; 14, superficial temporal artery; 15, transverse process of C1.
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Figure 11

Subtemporal preauricular ITF approach. (A) The preauricular incision on the right side was performed, the flap

is displaced anteriorly, and the zygomatic process was removed. (B) The temporal muscle is displaced all the way down.
(C) Exposition of the middle meningeal artery and V3 in the ITF. (D) Relationship among ITF, mastoid, and temporal lobe;
the inset shows the incision. 1, temporal superficial fascia; 2, tendon of the temporal muscle; 3, mandibular incisura and
maxillary artery; 4, superficial temporal artery; 5, mandibular condyle; 6, middle meningeal artery entering in the foramen
spinosum; 7, V3; 8, sigmoid sinus exposed after mastoidectomy; 9, mastoid portion of the facial nerve.

maxillary artery and the innervation by the medial
pterygoid branch of the mandibular nerve.

ARTERIAL RELATIONSHIPS

The maxillary artery is the terminal branch of the
external carotid artery that originates at the neck of
the mandible and runs in its beginning into the
parotid gland (Fig. 8). It is divided into three parts,
mandibular (or retromandibular), pterygoid, and
pterygopalatine. The division of the maxillary artery
is in relation to the lateral pterygoid muscle. The
first part is before, the second at the level of, and the
third after this muscle (Fig. 5). In our dissections
the maxillary artery was lateral to the buccal, lingual,
and the inferior alveolar nerves (Fig. 6).

The branches of the first part characteristi-
cally pass through foramina or canals. It passes
between the neck of the mandible and the spheno-
mandibular ligament, running adjacent to the auric-

ulotemporal nerve. This is the deep auricular artery

that pierces the wall of the external acoustic meatus.
The anterior tympanic artery runs parallel to the
chorda tympani nerve and enters into the petrotym-
panic fissure. The middle meningeal artery (MMA)
is the first branch of the maxillary artery which runs
superficial to the lateral pterygoid muscle. The
MMA can originate as a common trunk with the
inferior alveolar artery, but we did not observe this

pattern. The MMA ascends to pass through the

foramen spinosum. The accessory meningeal artery
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Figure 12 Zygomatic approach. Part of the deep temporal fascia was removed to show the muscular fibers.
(A) Preauricular incision and anterior displacement of the flap. (B) Section of the zygomatic arch. (C) The masseter
and the zygomatic arch are displaced inferiorly. (D) The coronoid process is sectioned and displaced upward with the
temporal muscle. 1, masseter muscle; 2, deep temporal fascia; 3, coronoid process; 4, makxillary artery; 5, lateral

pterygoid muscle (upper head).

can have its origin in the MMA and ascends
adjacent to the tensor and levator veli palatine to
reach the foramen ovale. The mandibular artery
enters into the mandibular foramen in the medial
surface of the mandible to supply the mandible and
inferior teeth.

We found the second part of the maxillary
artery superficial to the pterygoid muscle in all the
specimens. The anterior and posterior branches of

the deep temporal artery supply the temporal
muscle. In two cases we found a middle deep
temporal artery. The masseteric artery runs into
the mandibular notch to reach the masseter
muscle. The pterygoid arteries are variable in
number and supply the pterygoid muscles. The
buccal artery runs parallel to the buccal branch of
the nerve and supplies the skin over the buccinator

(Fig. 5).
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Figure 13 Lateral transantral maxillotomy. (A) The anterior and lateral walls of the maxilla are resected. (B) After removal
of the sinus mucosa, the posterior wall is drilled out, exposing the ITF. (C) The maxillary is displaced to show the lateral
pterygoid plate. (D) This dissection exposes the ITF via an anterior and lateral view. The maxilla was totally removed.
1, infraorbital nerve; 2, posterior wall of the maxilla; 3, maxillary artery; 4, lateral pterygoid plate; 5, lateral pterygoid muscle
(upper head); 6, lateral pterygoid muscle (lower head); 7, nasal cavity; 8, eyeball and optic nerve. ITF, inferior temporal

fossa.

VENOUS RELATIONSHIPS

The pterygoid venous plexus has a superficial por-
tion between the temporal muscle and the lateral
pterygoid muscle and a deep portion between the
pterygoid muscles. We observed a more developed
deep part, principally in the medial surface of the
lateral pterygoid muscle, around the superior head
(Fig. 9).

The pterygoid venous plexus receives venous
drainage from the orbit and adjacent areas of the
ITF and communicates with the cavernous sinus by
the sphenoidal emissary foramen, the foramen
ovale, and the foramen lacerum and with the facial
vein through the deep facial vein. The maxillary
vein runs parallel to the first part of the maxillary

artery and joins inside the parotid gland with the
superficial temporal vein to form the retromandib-
ular vein.

NEURAL RELATIONSHIPS

The ITF is the locus of the otic ganglion, chorda
tympani nerve, and major divisions of the mandib-
ular branch of the trigeminal nerve. The mandibular
nerve is a mixed nerve that emerges from the skull
base through the foramen ovale and runs between
the tensor veli palatine muscle and the lateral
pterygoid muscle. It then divides into two trunks,
anterior and a larger posterior. Before this division
into two principal trunks, the mandibular nerve
gives origin to a meningeal branch that re-enters
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the skull base passing the foramen spinosum to
innervate the middle fossa dura and a nerve to the
medial pterygoid muscle.!

The anterior trunk gives rise the buccal nerve,
a sensory branch of the buccal mucous membrane,
which innervates the skin over the anterior part of
the buccinator muscle. The other three branches are
motor. The nerve to the masseter innervates the
masseter muscle and the temporomandibular joint
and crosses between the tendon of the temporal
muscle and the lateral pterygoid muscle. The deep
temporal nerves are two or three branches that
innervate the temporal muscle, the anterior branch
that arises from the buccal nerve. The nerve to the
lateral pterygoid also can also have its origin in the
buccal nerve.

The posterior trunk carries principally sen-
sory fibers. The first branch is the auriculotemporal
nerve that travels between the lateral pterygoid
muscle and the tensor veli palatine muscle and
between the sphenomandibular ligament and the
neck of the mandible. It has two roots that encircle
the MMA and join each other later to ascend. It
communicates with the facial nerve and the otic
ganglion and innervates the tragus, the auricle, and
the posterior part of the temple. The lingual nerve is
joined by the chorda tympani branch of the facial
nerve and runs downwards closer to the medial
surface of the mandibular ramus, passing medial
to the mylohyoid muscle to innervate the anterior
two thirds of the tongue and the floor of the mouth.
The inferior alveolar descends to enter the man-
dibular canal with the inferior alveolar artery and
related veins.

The otic ganglion is separated from the phar-
yngotympanic tube by the tensor veli palatine muscle
and is in front of the MMA. The lesser petrosal
nerve passes through the foramen ovale. The chorda
tympani nerve enters the I'TF passing by the petro-
tympanic fissure, crosses posterolateral to the tensor
veli palatine, and joins to the lingual nerve.

LIGAMENTS RELATIONSHIPS
There are three ligaments that must be recognized.
The stylomandibular ligament joins the styloid

process to the angle of the mandible and is a
thickened part of the parotid sheath. The spheno-
mandibular ligament is a strong ligament that
suspends the mandible and descends from near the
spine of the sphenoid bone to the lingula of the
mandible. The pterygospinous ligament descends
from the spine of the sphenoid bone to the posterior
border of the lateral pterygoid plate. Sometimes it is
replaced by muscle fibers and sometimes it is ossi-
fied, creating a true foramen through which
branches of the mandibular nerve travel.

Approaches

The authors have chosen three lateral approaches
that use different incisions in relation to the ear or
different displacements of the temporal muscle, and
one anterior approach, to exemplify the anatomical
exposition that can be reached by different anatom-
ical corridors. In the combined infratemporal and
posterior fossa approach (Fig. 10),” which is a

h,1%12 the incision

variation of the Fisch approac
is retroauricular. The subtemporal-preauricular I'TF
approach (Fig. 11)* incision is preauricular and the
temporal muscle is displaced down. In the zygo-
matic approach (Fig. 12),'* the incision is preaur-
icular and the muscle is displaced up. The lateral
transantral maxillotomy (Fig. 13)" is a more con-
servative anterior approach to the ITF and ptery-
gopalatine fossa. In all approaches the patient is in
the supine position.

The dissection of each of the approaches is

briefly described below.

COMBINED INFRATEMPORAL AND POSTERIOR FOSSA
APPROACH

The head is fixed in the Mayfield headrest and
turned away from the side to be approached. A C-
shaped incision is made from behind the ear to the
neck. The external ear is transected, everted, and
closed as a blind sac according to Fisch’s descrip-
tion.’> 121 The sternoclidomastoid is detached
from the mastoid. The following structures are
identified and dissected: common carotid artery;
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internal carotid artery (ICA); external carotid ar-
tery; internal jugular vein; cranial nerves IX, X, XI,
and XII; ascending pharyngeal; and posterior auric-
ular and occipital arteries, which can be ligated
during the surgery. The mastoid is drilled to skel-
etonize the mastoid portion of the facial nerve with
its subsequent anterior transposition. A posterior
fossa craniotomy and exposition of the sigmoid
sinus is the next step. Dissect and remove the
posterior belly of the digastric muscle, the stylo-
hyoid muscle, and the styloid process. During the
surgery the sigmoid sinus is ligated between the
mastoid emissary vein proximally (there is an ante-
rior and posterior, but the posterior is bigger) and
the sigmoid sinus distally to the tumoral extension.
The skin of the external ear canal and the tympanic
membrane are removed. The intrapetrous segment
of the ICA is exposed by drilling the carotid canal.
The Eustachian tube is identified and during the
surgery will be obliterated with wax and fascia.

The surgeon must identify the lower cranial
nerves leaving the jugular foramen by opening the
dura of the posterior fossa and finding the fifth and
twelfth nerves and the structures of the cerebello-
pontine angle, as well as the posterior inferior
cerebellar artery (PICA) and the superior cerebellar
artery.

SUBTEMPORAL PREAURICULAR INFRATEMPORAL
FOSSA APPROACH

Begin with extension of the neck and turn the head
45 degrees to the contralateral side. The beginning
of the incision is made on the frontal skin, descend-
ing in front of the external auditory canal and with
anterior extension in the neck. The skin flap is
reflected anteriorly. The facial nerve is identified
and dissected between the stylomastoid foramen
and the parotid gland. This last structure is separated
from the masseteric fascia to facilitate the anterior
displacement of the mandible without traction of the
facial nerve. The temporal muscle is displaced all the
way down and the zygomatic arc is resected. Cut the
attachment of the stylomandibular and sphenoman-
dibular ligaments to displace anteroinferiorly the
mandibular condyle. To gain more space, sometimes

the condyle of the mandible must be resected. The
next step is identification and dissection of the
neurovascular structures in the neck. The digastric
muscle is divided and the styloid process resected. A
pterional craniotomy is performed with the poster-
oinferior limit just above the glenoid fossa. The next
step is the peeling of the middle fossa with identi-
fication of the arcuate eminence, MMA, greater and
lesser superficial petrosal nerves, V3, V2, and V1
entering into the superior orbital fissure. The part of
the greater wing of the sphenoid bone in the floor of
the middle fossa is drilled around the foramen
rotundum and foramen ovale to expose, respectively,
the V2 entering into the pterygopalatine fossa and
the V3 entering into the ITF. The Eustachian tube
and the tensor tympani muscle are resected. The
intrapetrous portion of the ICA is identified. The
cervical ICA is displaced forward. An anterior pet-
rosectomy (by drilling the Kawase triangle) can be
done to expose the clivus.

ZYGOMATIC APPROACH

The head is turned to the side contralateral to the
lesion. A preauricular incision similar to the sub-
temporal preauricular ITF approach is performed.
Following the original description, an intrafacial
dissection is performed to preserve the facial nerve.
The STA is identified and must be preserved. The
ICA is dissected in the neck. The facial nerve is
identified entering into the parotid gland. The
superficial temporal fascia is incised over the zygo-
matic arch, which is sectioned through anterior and
posterior cuts, both in an oblique trajectory for
reattachment of the arch, being displaced down-
ward. The insertion of the temporal tendon in the
coronoid process into the I'TF is sectioned at its base
and is displaced upward with the temporal muscle
until before it reaches the insertion of the muscle in
the temporal squama. A temporal craniotomy is
performed, but depending on the tumor extension
a large single orbitocranial flap can also be made.
The dura is open if there is intradural or cavernous
sinus (CS) tumor. The same middle fossa peeling
described in the subtemporal preauricular ITF ap-
proach section can be done.
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LATERAL TRANSANTRAL MAXILLOTOMY

The head is extended 15 degrees and rotated 20
degrees contralateral from the side approached. An
incision is performed that extends from inferiorly to
the site of the lacrimal canaliculi through the
nasolabial fold to the level of the upper lip. The
anterior and lateral walls of the maxilla are exposed
by retraction of the skin and are resected en bloc
with the anterior limit superior to the infraorbital
foramen to allow the infraorbital nerve to be dis-
placed laterally to gain more lateral access to the
ITF. The next step is to remove the mucosa of
the sinus and drill the lateral and posterior walls of
the maxillary sinus, which permits the dissection
and identification of the ITF structures. In the
beginning the temporal muscle fibers, the maxillary
artery, and the maxillary nerve (V2) and its superior
alveolar branch are identified. So both heads of the
lateral pterygoid muscle are transected medially and
the muscle displaced laterally. The lateral pterygoid
plate is drilled permitting visualization of the me-
dial part of the ITF and the pterygopalatine fossa.
The pterygoid venous plexus is dissected and the V3
and foramen rotundum and MMA and foramen
spinosum are identified. The branches of V3 are
identified. The muscles of the palate are exposed
when the medial pterygoid plate is drilled. The
levator veli palatine muscle courses parallel and
inferior to the Eustachian tube and is medial to
the tensor veli palatine muscle. The bone around V3
is drilled and this nerve is displaced laterally to allow
aview of the Eustachian tube. Drilling superior to it
exposes the intrapetrous portion of the ICA. The
sella turcica and the clivus can be reached with this
approach.

DISCUSSION

There is some discord among authors regarding
the exact limits of the ITF.**”!” Some authors>’
include, in addition to the temporal and pterygoid
muscles, branches of the V3, the pterygoid venous
plexus, and the maxillary artery; also the lower

cranial nerves, sympathetic plexus, ICA, and in-
ternal jugular vein (IJV). Our limits in this study
do not include the jugular fossa and the ICA. In a
more inclusive concept, the ITF can be subdivided
by the interpterygoid fascia superiorly and the
medial pterygoid muscle inferiorly in the pterygo-
mandibular and maxillopharyngeal regions. The
styloid diaphragm divides this second region into
the prestyloid and retrostyloid regions, which
contain the ICA, IJV, and the proximal part of
cranial nerves IX to XII. The styloid diaphragm is
formed by the posterior belly of the digastric
muscle, stylohyoid, styloglossus, and stylopharyng-
eal muscles, stylohyoid and stylomandibular liga-
ments, stylopharyngeal fascia, and the fascia
between the sternoclidomastoid to the digastric
muscle.?

The ITF approaches are categorized as ante-
rior (transfacial, transmaxillary, transoral, and trans-
palatal), lateral (transzygomatic and lateral
infratemporal), or inferior (transmandibular and
transcervical).®

The pioneers of the ITF were Conley and
Barbosa. Before the 1960s the ITF was considered
surgically inaccessible.* Barbosa indicated the ITF
approach for advanced tumors into the maxillary
sinus. The deep 3D microanatomical knowledge
and a multidisciplinary team, as well as advances
in neurointensive care, made it possible to perform
surgery with an acceptable rate of morbidity on
tumors situated in this region.

In 1969, Terez et al® used a craniofacial
approach for tumors invading the pterygoid fossa
but residual tumor could not be avoided.

In 1976, House and Hitselberger® de-
scribed a transcochlear approach for tumors that
originated medially to the internal auditory canal
or from the clivus. This approach is a forward
extension of the translabyrintine approach where
the cochlea is removed and the facial nerve poste-
riorly rerouted.

In 1977, Fisch and coworkers reported the
posterolateral ITF approach. Fisch was revolution-
ary because his innovation permitted the treatment
of lesions involving the temporal bone and skull
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base.!®'? The ITF approach of Fisch was divided
into types A, B, C, and D.

In 1981, Friedman and associates®! described
a stylomandibular dissection for tumors in the ITF
but vascular complications occurred in 25% of the
patients.

In 1987, Al-Mefty and colleagues’ described
a combined infratemporal and posterior fossa ap-
proach that was a modification of the infratemporal
approach popularized by Fisch, which permitted
tumors with large intracranial extensions to be
resected in one procedure and not in another
separate procedure as had been advocated by
Fisch.'? The anterior transposition of the facial
nerve was emphasized as being crucial to adequate
tumor exposure and preservation of the facial nerve.
The detailed closure was essential to avoid cerebro-
spinal fluid leak and also included, in addition to the
repair of the dura mater and tight skin closure,
obliteration of the cavity and the Eustachian tube
and closure of the external ear canal.

Sekhar et al'® described the subtemporal-
preauricular ITF approach that was used in 22
patients. This approach provides an extensive ex-
posure but the authors emphasized some limita-
when the
hypotympanic areas are invaded by tumor, with

tions, such as facial recess and
loss of conductive hearing. In these cases a Fisch
type A approach is necessary. For extensive clival
lesions a combination with an anterior approach
(transbasal or transethmoidal) can be necessary.
This approach has good exposition, especially if
the tumor extends into the ITF and the orbit,
maxillary and ethmoidal sinus, and retro and para-
pharyngeal space. Special attention must be given to
the reconstruction, principally if the paranasal sinus
and nasopharynx were opened.

Hakuba et al*? used the orbitozygomatic
infratemporal approach in 4 vascular lesions and
10 tumors into the CS. The authors noted that this
approach provides exposure of the ITF that is
accessed obliquely upward through the lateral wall
of the CS.

Al-Mefty and Anand' described the zygo-

matic approach, a preauricular approach that dis-

placed the muscle upward by cutting the coronoid
process of the mandible and maintaining the attach-
ment in the temporal squama, providing an excel-
lent exposure of the ITF and keeping intact the
adequate vascularity of the muscle due to the
preservation of the middle temporal artery, a branch
from the STA, and the deep temporal arteries. The
temporal muscle is supplied also by the occipital,
supraorbital, and supratrochlear arteries. In addi-
tion, there are intradiploic anastomoses between the
MMA and the deep temporal arteries, and in this
fact resides the importance of leaving the muscle
attached to the temporal bone. In our dissection it
was possible to keep the deep temporal arteries
intact when the displacement upward of the tem-
poral muscle was slight, permitting a low temporal
craniotomy. However, if a larger craniotomy with
more displacement of the muscle were necessary,
the deep temporal arteries could not be left intact.

In general, the ITF approaches that use a
preauricular incision are not adequate to expose the
mastoid portion of the facial nerve and the jugular
bulb. When the lesion involves the temporal bone
and invades the ITF, the postauricular incision is
indicated. Until proven otherwise, tumors located
anterior to the vertical portion of the carotid artery

can be resected through a preauricular incision.??

Pieper and Al-Mefty** used the middle fossa/
zygomatic approach to resect intracranial meningi-
omas extending into the ITF, showing that this
approach can reach the intra- and extracranial parts
of a tumor, as well as the cavernous sinus, paranasal
sinus, and nasopharynx.

Guinto and colleagues® described the zygo-
matic-transmandibular approach in the treatment
of 10 patients with giant tumors localized in the
ITF and parapharyngeal space and studied 10 ca-
daveric specimens. In 3 cases in which both the
prestyloid and retrostyloid were invaded, the styloid
process was removed. The authors note that the
masticator space is a physiological concept that is
different from the anatomic concept of the ITF and
also that the profuse bleeding around V3 when the
middle fossa is drilled is due to the large number of
veins of the pterygoid plexus around the superior



300

SKULL BASE/VOLUME 17, NUMBER 5 2007

head of the lateral pterygoid muscle. In this ap-
proach the posterior half of the ascending ramus of
the mandible is only rotated, preserving the joint
capsule and providing adequate exposure with min-
imal morbidity.

Although complete exposition of the ITF can
be achieved principally with Fisch B and C ap-
proaches, the subtemporal-preauricular,” zygo-
matic approach,™ or these approaches combined
with the anterior subfrontal approach, Le Fort I,
and transmaxillary approaches can also be per-
formed. Sabit et al® proposed a microsurgical
model to approach the I'TF via a lateral transantral
maxillotomy that would be a less invasive anterior
route to the region. A nasolabial incision and an en
bloc osteotomy of the anterolateral wall of the
maxilla, plus removal the posterior wall of the
maxilla, exposed the ITF from the sphenomandib-
ular ligament laterally to the sphenopalatine fossa
medially. The risk of facial deformity and lesion of
the frontalis branch of the facial nerve and infraor-
bital nerve that can occur in the facial translocation
approach, as well as violation of the nasal and oral
cavities that can occur in the extended maxillotomy/
subtotal maxillectomy, can be avoided. The com-
plications related to the lateral approaches to the
ITF also would be avoided. However, this approach
would be limited to tumors restricted to the ante-
romedial part of the ITF, and could result in
vascular complications from the pterygoid venous
plexus and the maxillary artery. The transantral
maxillotomy performed by the authors can also be
done with a sublabial incision for small lesions,
avoiding facial scars.® In our dissections we pre-
ferred the first approach because of the more rigid
characteristics of the soft tissue preserved with
formalin. In general, transfacial approaches are in-
dicated for sinunasal or nasopharynx tumors invad-
ing the ITF.

Mansour and colleagues®® studied the varia-
bles of tumoral extensions that necessitated mod-
ifications in the ITF preauricular approach
according to the individual characteristics of the
tumor in 44 malignant tumors and 21 benign
tumors. In the malignant group, the numbers were

statistically significant to necessitate additional
osteotomies (supraorbital and Le Fort I) for tumors
with medial and intracranial extensions; subtempo-
ral craniectomy for tumors with superior extension;
craniotomy for tumors with medial, superior, or
intracranial extension; parotidectomy and mandi-
bulectomy for tumors with lateral extension; and
maxillectomy for tumors with medial and superior
extension. In the benign group, only zygomatic
osteotomy was necessary in the majority of cases
and additional procedures were less necessary. In
this study the authors advocate the versatility of the
preauricular ITF approach.

Massive tumors of the ITF can also be
reached by a combined Fisch type D approach
with a transmaxillary approach, avoiding the risks
of loss of hearing and facial paralysis.*”

The lateral transmandibular approach reaches
the I'TF, but is limited to access the skull base.?®

Kassam and coworkers®” proposed the fully
endoscopic expanded endonasal approach for se-
lected cases of tumors into the ITF, but the lesion
must be medial and inferior to the principal neuro-
vascular structures. They maintain that tumor size,
vascularity, fibrosity, or calcification do not repre-
sent contraindications.

One important topic is management of the
mandibular condyle. The anterior displacement of
the mandible without resection can be necessary to
gain a sufficiently large field to resect benign tumors
limited to the more superior part of the ITF. On the
other hand, malignancies in a great number of cases
necessitate the resection of the mandibular condyle,
which can cause lateral deviation of the mandible
and pain in the contralateral side, but this is a more
acceptable morbidity than severe trismus that can
develop after resection of the masticator muscles.’
Some authors prefer the mandibular condylectomy
because the same lateral sway on full opening of the
jaw is better than the pain and temporomandibular
joint (TM]J) dysfunction that results if only incision
of the TMJ and inferior retraction of the condyle are
performed.'® To avoid the lesion of the maxillary
artery deep to the mandibular condyle, subperiosteal
dissection must be performed.®



ITF: ANAGLYPHIC 3D STEREOSCOPIC PRINTING/ISOLAN ET AL

301

CONCLUSION

The ITF is a complex region in the skull base that is
affected by benign and malignant tumors. The study
of different routes and the reproduction of the
images in an anaglyphic 3D stereoscopic printing
are helpful to disclose the relationships among the
anatomical structures. Although the authors have
shown four approaches, there are a variety of ap-
proaches and even combinations of them that can be
used. This type of anatomical knowledge is essential
to choosing the best approach to treat lesions in this
area, not only for skull base surgeons but also for the
vascular surgeons who perform carotid endarterec-
tomies with high bifurcation.
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