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the usefulness of reconstructed high-
resolution CT for planning temporal
bone surgery. The first part focuses
on a sagittal plane, the second on a
rotated longitudinal plane, and the
third on a rotated transverse plane.
We believe knowledge of temporal
bone anatomy in these planes facili-
tates surgical planning by showing
anatomic relationships and provid-
ing a customized map for each pa-
tient. This decreases the likelihood
of surgical mishap and improves
teaching.
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Introduction

Temporal bone anatomy is complex [1, 2, 3, 4, 5]. Sig-
nificant normal variations in the relationships between
surgically critical structures have been documented by
clinical and cadaver studies [6, 7, 8, 9, 10, 11, 12, 13].
These have shown that, although the inner ear struc-
tures have constant relationships, there are wide varia-
tions in the distances between the nerves and vessels,
and their relationships to each other and to the inner
ear [6, 7, 11]. There is therefore a need to provide

the surgeon with easily understood, customized presur-
gical images which enable identification of potentially
dangerous variations in anatomy. They should high-
light the degree of pneumatization in critical areas,
map the course of vessels and nerves, and locate the
fissures [10, 11, 14, 15, 16]. To operate successfully on
the temporal bone, the surgeon must have information
in three planes (superoinferior, anteroposterior, and
mediolateral).

Providing the surgeon with the required data — and
showing pathology — are the goals of temporal bone im-
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aging [4, 5, 17, 18]. However, technical limitations of CT
resulted in the use of axial and coronal sections [19, 20,
21]. In the traditional high-resolution study, axial sec-
tions are used to define the anteroposterior and me-
diolateral, and coronal sections the superoinferior and
mediolateral relationships. But axial sections show su-
peroinferior relationships poorly, and the same is true
of the coronal sections and the anteroposterior relation-
ships. To overcome these deficiencies, some groups
have suggested the addition of direct high-resolution
CT (HRCT) [22, 23]. The images are difficult to repro-
duce because they require both a skilled technician and
a cooperative patient; this technique has therefore not
become common practice. Other groups have resorted
to advanced technology and 3D volumetric rendering
algorithms [24], combined with frameless image-guided
navigation techniques [25, 26]. These require sophisti-
cated software, expensive hardware, and a dedicated
team of professionals. For instance, data transfer to a
high-end workstation is necessary before time-intensive
3D reconstructions by interactive segmentation or
thresholding can be undertaken. Hence, these solutions
have also not found widespread use.

Axial sections have been used to reconstruct tempo-
ral bone anatomy in coronal and sagittal planes [23,
27]. We undertook this study to determine if a simple,
practical imaging reformation protocol, suitable for dis-
playing temporal bone surgical anatomy, could be de-
veloped using commonly available soft- and hardware.
We looked at its usefulness in three areas: an inverted
sagittal plane in planning a middle cranial fossa (MCF)
approach to pathology in the internal auditory canal; a
longitudinal plane, for the infratemporal (ITF) ap-
proach; and a transverse plane for the ITF and for the
facial recess (FR) approaches.

Materials and methods

We scanned a normal temporal bone in vivo in the axial plane, par-
allel to the orbitomeatal line, with the following parameters:
120kV, 350mA, 1mm slice thickness, no interslice gap,
512 x 512 matrix, bone algorithm. The data were transferred to a
workstation via a standard computer network. We used the com-
mercially available two-dimensional multiplanar reformation func-
tion to reformat the images in the planes selected, in 1 mm sections
without an interslice gap, employing the maximum-intensity pro-
jection. We reviewed the reformatted images with an window
width of 4000 Hounsfield units [21, 28].

The otology and neuroradiology staff assessed all images for
practical utility and teaching value and sections containing vital in-
formation were chosen to construct the atlas. Image resolution was
best at the workstation where the window settings could be adjust-
ed to show soft tissue and thin bones, and then set for bone
windows. Surgically important relationships were determined
(Tables 1, 2, 3). Lists of anatomical structures were formulated
and abbreviations were chosen to label the reformatted images
[18]. For clarity, five structures (vestibule and superior semicircular

canal (gold), internal carotid artery (red), facial nerve (green), co-
chlea (purple), and jugular fossa and sigmoid sinus (blue) are col-
or-coded throughout (figures 1-7). The images are printed from
lateral to medial, to further orient the surgeon.

Reconstructed images display temporal bone anatomy in the
optimal plane of section and at sufficient resolution to be useful in
planning the surgical approach. A batch of 30 reconstructed im-
ages can be easily reformatted on the workstation. The recon-
structed images appear on the monitor within a minute with the
click of a button, after the position of the plane of reformation
has been defined.

The atlas
An inverted sagittal atlas for the MCF approach

For the sagittal plane the images were inverted to match
the surgical perspective (Fig. 1) and labeled (Fig.3) [18].
Several structures, while not relevant to the MCF ap-
proach, were well demonstrated in the sagittal recon-
structions: the petrotympanic fissure (which contains
the anterior tympanic artery and chorda tympani), vagi-
nal plate of tympanic bone, second genu and vertical
segment of the facial canal.

The images can be inverted and printed lateral-to-
medial to further orient the surgeon. This can be espe-
cially useful for planning the MCF approach because
the surgeon is most concerned with superoinferior rela-
tionships, which are condensed into a single sagittal
view.

The advantages of this view for the MCF approach
are discussed below. The approach is traditionally per-
formed for preservation of hearing in patients with
small acoustic schwannomas laterally in the internal au-
ditory canal. It is also used for decompression of the fa-
cial nerve in Bell’s palsy and to repair the nerve in
traumatic facial paralysis. The surgeon sits at the pa-
tient’s head and approaches the superior surface of the
temporal bone (Fig.1). The superoinferior relationships
are therefore critical.

The best way to show the usefulness of the inverted
sagittal images is to describe the surgery and illustrate
each critical juncture and/or relationship using the data
gathered in this study. The approach begins with a tem-
poral craniotomy and exposure of the bony floor of the
middle cranial fossa by elevation of the temporal lobe.
The dura mater is then elevated to uncover the superior
surface of the temporal bone (Fig.1). The reader can
use the sagittal images to locate the foramen spinosum
(Fig.3f), which contains the middle meningeal artery
and marks the starting point for the dural dissection.
The operation can be divided into two stages: finding,
then unroofing the internal auditory canal. We describe
each stage and its risks.
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Fig.1 Orientation of left tem-

Head positioned for

poral bone structures in middle
cranial fossa (MCF) approach.
Note surgeon’s position with
respect to temporal bone and
how inverting the image to
place the condyle of the mandi-
ble above the middle and pos-
terior cranial fossae recreates
the surgical perspective. The
sagittal plane of section is
marked by the yellow square
lateral to the cochlea and vesti-
bule. Note also two critical sur-
gical landmarks for locating the
internal auditory canal: the arc-
uate eminence (overlying the
superior semicircular canal)
and the foramen spinosum. Re-
produced with modifications
and permission from [61]

Retracted temporal lobe

:Fproach to upper surface
left temporal bone

balow

Geniculate ganglion (in
geniculate fossa/facial
canal - 2nd part)
(Fig 3d)

I

facial canal -

Malleus & Incus 3rd part

arcuate eminence

(Fig 3¢, d) vestibular
Inferior vestibular ~ NEMVe Cochlear
nerve nerve

Finding the internal auditory canal

Two methods can be used independently or in combina-
tion. In the first, the surgeon searches for a distinct arcu-
ate eminence (absent in 15% of patients) [31]. This is
delicately thinned until the fluid within the underlying
superior semicircular canal can be seen as a bluish area,
a process termed “blue lining” (Fig.1). The surgeon
can now find the internal auditory canal, which is pre-
dictably at a 60 ° angle to the plane of the superior semi-
circular canal. Inadvertent entry into the superior
semicircular canal during blue lining will cause perma-
nent deafness. The thickness of the bone over the supe-
rior semicircular canal has apparently not been
reported. On our HRCT images this bone often ap-
peared dehiscent, due to partial-volume artifacts (criti-
cal relationship 4, Table 1, Fig.3d). The surgeon should
be alerted to this artifact and distinguish it from pneu-
matization of the bone overlying the superior semicircu-
lar canal which would cause difficulties finding the
arcuate eminence and “blue lining”.

The second method begins with identification of the
foramen spinosum (Figs.1, 3f). The greater superficial
petrosal nerve lies in proximity to this structure and
can be followed back to the geniculate fossa (Fig.3d).
Then the first genu (in the geniculate fossa) and labyrin-
thine segment of the facial nerve are exposed. This leads
to exposure of the distal internal auditory canal (critical
relationships 1, 2, 3, and 8, Table 1; Fig.3d, f). Inadver-
tent entry into the vestibule or cochlea, which underlie
these structures, also causes immediate, permanent

deafness. Identification of its various segments decreas-
es the risk of injury to the facial nerve.

Unroofing the internal auditory canal

Following identification of the distal part, the entire ca-
nal can be defined as a prelude to opening its dura mater
and identifying the 7-8th nerve complex (critical rela-
tionships 5 and 6, Table 1; Fig.3f). Imaging can alert
the surgeon to extensive temporal bone pneumatization
and show the number and depth of air cells which will be
encountered prior to defining the underlying internal
auditory canal. Inadvertent entry into the internal audi-
tory canal can damage the facial or cochlear nerves by
direct pressure or by interruption or spasm of the deli-
cate vessels supplying these nerves. In some cases [32]
the anterior inferior cerebellar artery is intimately relat-
ed to the internal auditory canal, looping within it for a
variable distance. Interruption or damage to this artery
can have catastrophic results, causing a brain-stem in-
farct (the inferolateral pontine syndrome of Foville) [33].

The MCF approach can be widened to expose not
only the internal auditory canal but the petrous apex,
in the “extended MCF approach”. The petrous internal
carotid artery is skeletonized (critical relationship 7, Ta-
ble 1; Fig.3f). Inadvertent opening of the artery at this
point is catastrophic and usually lethal, because clipping
of the petrous segment is technically difficult; when it
can be accomplished, it may nevertheless result in a
large cerebral infarct.
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Fig.2 Diagram of skull base
from above identifies and color-
codes vital structures shown in
Figs.1 and 3
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Table 1 Critical surgical relationships, middle cranial fossa ap-
proach (Fig.3)

o Tympanic
bR Cavity

Internal
Auditory
Foramen Canal
Lacerum

Sigmoid

Sinus

We considered two other landmarks: the tympanic
segment of the facial canal and the horizontal portion

1 Vestibule to geniculate fossa portion of facial canal of the petrous internal carotid artery. Both are, however,
2 Vestibule to middle cranial fossa (shortest distance) inconstant, because they depend upon the degree of
3 Vestibule to middle cranial fossa (vertical distance) pneumatization and other factors [8, 42]. In contrast,
4 Superior semicircular canal to middle cranial fossa the otic capsule contained two constant structures in
5 Internal auditory canal to middle cranial fossa (shortest dis- . . _,

tance) the transverse plane: the superior semicircular canal
6 Internal auditory canal to middle cranial fossa (vertical dis- and the modl(?lus of Fhe cochlea [8, 34, 35, 36, 39, 40,

tance 41]. The superior semicircular canal was, therefore cho-
7 Internal carotid artery to internal auditory canal (shortest dis- sen since it could be most easily identified on the axial

tance) images, even by the technician. Thus, we constructed a

8 Foramen spinosum to basal turn of cochlea (shortest distance)

A rotated longitudinal atlas for the infratemporal
approach (Figs. 4, 5)

This approach is performed for a variety of conditions
such as glomus tumors, and other benign and malignant
skull base tumors [34, 35]. The longitudinal projection
provides the surgeon with an individualized map which
can be used to judge the depth (ventrodorsal distances)
between vital structures as the operation proceeds from
the mastoid into the middle ear and beyond [36, 37, 38,
39]. We experimented with various planes of two-di-
mensional reformation to reproduce the surgical plane
along the long axis of the petrous bone [39, 40]. The first
landmark we considered for prescribing this plane was
the posterior surface of the petrous bone, because it ap-
proximates to its long axis. However, we rejected it, be-
cause it was convex to the posterior cranial fossa with a
variable apex formed by the porus acousticus; the angle
it forms with the sagittal plane varies between indivi-
duals; and the angle also changes from the roof to the
base in the same individual [13, 41].

Fig.3a—f Inverted sagittal reconstructed of left temporal bone P

place its superior aspect at bottom of image. Numbers (/-8) indi-
cate surgical relationships (Table 1) discussed in text. Insert indi-
cates distance from first section. a. Note malleus (M) and incus
(I). Stylomastoid foramen (smf) leads into facial canal.(FC5).
b. Note facial (FC4) and lateral semicircular (LSC) canals. Anteri-
or portion of chorda tympani runs in canal of Huguier, in petrotym-
panic fissure (PTF). c¢. Note oval window (ow), vestibule (V), facial
(FC3) and semicircular (SSC, PSC, LSC) canals. d. Note round
window (rw) and geniculate fossa (FC2). Superior wall (4) of SSC
appears dehiscent due to obliquity and volume averaging. e. Shows
the cochlea (C), with its basal turn (b¢C) and fundus of internal au-
ditory canal (IAC). f. Note IAC, btC, petrous internal carotid ar-
tery (ICA), jugular fossa (JF) and foramen spinosum (fs). Other
abbreviations: C cochlea; CM condyle of mandible; EAC external
auditory canal; FC2-5 geniculate fossa, horizontal, second genu
and vertical portions of facial canal; fI foramen lacerum; [ incus;
JCS jugulocarotid spine; LSC lateral semicircular canal; M mal-
leus; MCF middle cranial fossa; MF mandibular fossa; P promon-
tory; PCF posterior cranial fossa; PSC posterior semicircular
canal; rw round window; SP styloid process; sq squamous temporal
bone; SS sigmoid sinus; SSC superior semicircular canal; 7C tym-
panic cavity; g7 tegmen tympani; # tensor tympani; VP vaginal
plate
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series of longitudinal sections perpendicular to the plane
of the superior semicircular canal.

Dissection in the ITF approach is through the long
axis of the petrous bone (Figs.4, 5), so that sections
along this axis are best for displaying critical anteropos-
terior relationships. We could find no material in the im-
aging literature showing temporal bone sectional
anatomy in this plane. Our description should acquaint
the radiologist and otologist with the complex anatomy
in this radiographically novel but surgically important
plane. Supplemental transverse images perpendicular
to the longitudinal series (and containing the plane of
the superior semicircular canal) can be created to view
critical surgical landmarks in the mediolateral direction.
These are dealt with in the rotated transverse atlas.

For clarity, discussion of the ITF approach is divided
into four sections. The first two apply to all ITF ap-
proaches (Fig 5) and/or relationships (critical relation-
ships 1-20, Table 2). The third describes how this
approach can be customized to expose medial skull-
base structures, and the fourth how it can be extended

anteriorly to reach skull base pathology as far forward
as the orbital apex.

The approach to the mastoid surface of the temporal
bone

The surgeon sits obliquely behind the patient’s head and
performs a wide mastoidectomy through an extended
postauricular incision. This exposes the sigmoid sinus
and dura mater of the posterior and middle cranial fos-
sae (Fig.4).

Exposure of the facial nerve and occlusion of the sigmoid
sinus

The vertical segment of the facial nerve is skeletonized
(critical relationships 14 and 15, Table 2; Fig.5). The re-
lationship between the nerve and the jugular fossa de-
termines the access to the hypotympanum. If the space



802

Fig.4 Left infratemporal fossa o | e
(ITF) approach. Orientation of Tray f}ﬁhr:;l /
surgery is shown by a view from o O \ ebenal /,j"
below (left) and a larger view t\ \ \ b P Em'::;m
from behind and above. Plane £ FDTIimHI

N ; v
of section is marked by yellow \\l) / — i ——
square behind superficial pet- 4 -,/ Spinosum
rosal nerve. To reproduce sur- 4 .
gical perspective, longitudinal \ | H; {H/ Greater ;lnglhular
images of left side must be ro- \ > g:ﬁ‘gﬁ*&m
tated 90 clockwise (anticlock-

wise for the right side) so that
the sphenoid sinus is placed o
above the mastoid air cells e

(Fig.5). (Reproduced with per- T
mission and modified from part (horizantal} ,
[62, 63] Facial Canai-4th Tympanic

part (second genu)
Facial Canal-5Sth
part (vmrtical)

X Cavi
Facial \ | -
Canal - Foramen
(Lst part Magnum )
(labyrinthine) /
- Internal

Vestibule \_\‘.—f,f
Auditory

il Foramen Canal
Lacerum Sigmoid
Sinus

OPERATIVI B
APPROACH Wt

via the mastoid

Table 2 Relationships in infratemporal fossa or facial recess ap-  44] (critical relationships 8 and 16, Table 1; Fig.5e, f).

proaches The tympanic bone is critical to unlocking the deeper
1 Nasopharynx to mandibular (glenoid) fossa anatomy of the temporal bone. A surgical mishap here
2 Nasopharynx to foramen ovale may lead to inadvertent entrance into the jugular bulb,
3 Foramen ovale to foramen spinosum with troublesome bleeding; the petrous segment of the
4 Foramen spinosum to petrotympanic fissure
5 Petrotympanic fissure to external auditory canal
6 Horizontal portion of internal carotid artery to middle cranial

Fig.5a-h Rotated longitudinal images of left temporal bone, pro- »
jecting skull base vertically; intracranial contents lie on reader’s
right, sinonasal structures on the left. Numbers (/-20) define surgi-
cal relationships (Table 2). Abbreviations are listed below. Insert
indicates distance from first section. a. This shows foramina ovale
(fo) and spinosum (fs), and condyle of mandible (CM). b. Eusta-
chian tube (ET) connects the nasopharynx (NP) and tympanic cav-
ity (T'C). c. shows superior semicircular canal (SSC), facial canal
(FC2), cochlea (C) and internal carotid artery (ICA). The stapes
(S) is barely seen, due to the window setting. d. Note oval window
(ow), vestibule (V), and close relationship between: TC and ICA;
note also C and facial canal (FCI). e. Note fundus of internal audi-
tory canal (/AC), round window (rw), facial canal (FC4), and jugu-
lar fossa (JF). f. shows facial canal (FC5) exiting via stylomastoid
foramen (smf) and 7 numbered surgical relationships. g. Temporal
bone now interfaces with posterior cranial fossa (PCF). Note pe-
trous apex (PA), petro-occipital fissure (POF) and clivus (CL).
h. Shows IAC opening into PCEF, sulcus for inferior petrosal sinus
(IPS), and cochlear (Ca) and vestibular (Va) aqueducts. aaA aditus
ad antrum; bzc basal turn of cochlea; EAC external auditory canal;
between the nerve and the sigmoid sinus is very narrow, ECF external carotid foramen; FCI-5 labyrinthine, geniculate fos-
the only way the hypotympanum can be approached is sa, horizontal, second genu and vertical portions of facial canal;
by mobilizing the nerve [43]- After removal of the exter- JCS ]ugulocarotid spine; LSC lateral ser.nlcn_rcular canal; M .mal-
nal auditory canal, the second genu and horizontal seg- leus; MA mastoid antrum; MAC mastorid air cells; MCF middle

f th kel . h ; cranial fossa; MF mandibular (glenoid) fossa; P Promatory; porus
ment of the nerve are skeletonized and the tympanic proximal IAC; PTF petrotympanic fissure; rw round window; Sc

bone slowly removed, exposing the petrous carotid ar-  scutum; smf stylomastoid foramen; sp styloid process; SpS Spher-
tery at its entrance into the skull base [8, 18, 34, 35, 37,  oid Sinus; SS sigmoid sinus; (see also Fig.3)

fossa, anterior
7 Horizontal portion of internal carotid artery to middle cranial
fossa, posterior
8 Internal carotid artery to basal turn of cochlea
9 Jugular fossa to basal turn of cochlea
10 Internal carotid artery to internal auditory canal
11 Jugulocarotid spine to internal auditory canal
12 Jugular fossa to fundus of internal auditory canal
13 Jugular fossa to vestibule
14 Jugular fossa to second genu of facial canal
15 Jugular fossa to second genu of facial canal (lowest)
16 Internal carotid artery to second genu of facial canal
17 Jugular fossa to sigmoid sinus
18 Cochlear aqueduct to internal auditory canal
19 Jugular fossa to porus of internal auditory canal
20 Jugular fossa to posterior cranial fossa
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Fig.6 Left ITF approach. Ori-

entation of surgery is shown by y xternal
a view from below (left) and a N 'h & Auﬂiw
larger view from behind and K

above. Plane of section for

Fig.7 is marked by yellow

square behind the superior
semicircular canal. To repro-
duce the left surgical approach {

/—“"\

Foramen
Rotundum

Foramen

Foramen

\ Spinosum

the ima}ges must be roFated 90 k / Eﬁﬂcm Fossa
clockwise (anticlockwise for / Petrosal Herve

right side) to place middle Extemal
above posterior cranial fossa. Auditory

(Reproduced with permission
from [62, 63].

Facial Canal- Znd part
(geniculate ganglion)

Faclal Caral-3rd
part [horizontal)

Fachal Canal-4th
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Facial Canal-5th
part (vertical)

OPERATIVE \ N
APPROACH b
via the mastoid

Table 3 Critical surgical relationships, infratemporal fossa ap-
proach

1 Second genu of facial canal to mid-body of external auditory
canal
Second genu of facial canal to floor of external auditory canal
Jugular fossa to tympanic cavity
Horizontal portion of facial canal to jugular fossa
Maximum diameter of jugular fossa
Geniculate fossa segment of facial canal to basal turn of co-
chlea
7 Jugular fossa to basal turn of cochlea
8 Internal carotid artery to mandibular fossa
9 Internal carotid artery to basal turn of cochlea
10 Internal carotid artery to internal auditory canal
11 Jugulocarotid spine to internal auditory canal
12 Inferior petrosal sinus to internal auditory canal
13 Inferior petrosal sinus to hypoglossal canal
14 Diameter of hypoglossal canal

[ WV, I ROV )

internal carotid artery, with catastrophic bleeding; or
the cochlea, resulting in permanent hearing loss.

Next, the facial nerve is lifted out of the surgical field
[45, 46]. After occlusion of the sigmoid sinus, the jugular
fossa is approached rapidly to minimize bleeding from
petrosal tributaries (Table 2, critical relationships 9, 12,
13, 19 and 20, Table 2; Fig. Se-h).

Relationships to inner ear structures are most impor-
tant in approaches which preserve the labyrinth and co-
chlea. These structures serve as a guide for extending
the approach. Even in procedures which destroy the
labyrinth, the approach to the internal auditory canal

'-'. | Tympanic
1 ‘ Cavity

/ /
st part Magnum
(labyrinthine) ;'f
Vestibule \\\__—//
Supeno
‘-ItIENHr Mastoid
i Lacerum antrum

Fig.7 Rotated transverse reconstructed images of left temporal bone. P
Numbers (/-14) define surgical relationships (Table 3). Abbreviations
are listed below. Insert indicates distance from first section. In a and b,
solid yellow lines indicate bone removed for a facial recess approach,
and dotted yellow lines the inferior extension. a. Shows stylomastoid fo-
ramen (smf) leading into vertical segment of facial canal (FC5). b. Body
of incus (J) lies in epitympanic recess, bounded laterally by scutum (Sc).
The posterior wall of the tympanic cavity is sectioned, showing facial
recess (FR) separated from sinus tympani (st) by pyramidal eminence
(pe). The facial canal (FC4) is difficult to identify due its thin walls
and volume averaging. ¢. Note how clearly this shows surgically impor-
tant dehiscence of bone between jugular fossa from tympanic cavity
(relationship 3). Malleus (M) in tympanic cavity (7C) is sectioned in
all three parts: head, neck, and manubrium. Crura of stapes () at oval
window (ow) are poorly seen due to volume averaging and windowing.
Round window niche (rwn) leads into TC; dotted line tympanic mem-
brane. d. Note round window (rw), vestibule (V) and promontory (P).
e. Labyrinthine segment of facial canal (FCI) leads from fundus of in-
ternal auditory canal (/A C) to geniculate fossa (FC2), matching match-
es the course of FC1 and FC2 in Fig 6. Note semicanal for tensor
tympani (#f) and basal turn of cochlea (btC). Canal of Huguier leads
from TC to mandibular fossa (MF). It runs in the petrotympanic fissure
(PTF) and contains the anterior chorda tympani. f. Note turns of co-
chlea and relationship to IAC. Cochlear aqueduct (Ca) opens just
above jugular fossa (JF) into posterior cranial fossa (PCF). g. IAC is
sectioned through its porus. Note proximity of petrous internal carotid
artery (ICA) and btC. Jugulocarotid spine (JCS) separates JF from
ICA. h. Eustachian tube (ET) lies just above the ICA. Porus of IAC
opens into PCF above the inferior petrosal sinus (IPS). Other abbrevia-
tions: aaA aditus ad antrum; C cochlea; CC common crus; CM condyle
of mandible; EAC external auditory canal; ECF external carotid fora-
men; ET eustachian tube; FCI-5 labyrinthine, geniculate fossa, hori-
zontal, second genu and vertical portions of facial canal;
HC hypoglossal canal; /PS inferior petrosal sinus; M A mastoid antrum;
MCF middle cranial fossa; porus proximal IAC; PS Prussak’s space;
PSC posterior semicircular canal; rwn round window niche; smf stylo-
mastoid foramen; SP styloid process; sq squamous temporal bone; SS
sigmoid sinus; SSC superior semicircular canal; #g7 tegmen tympani;
Va vestibular aqueduct; VP vaginal plate
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from within the labyrinth is critical, because the facial
nerve or anterior inferior cerebellar artery may be in-
jured if the internal auditory canal is inadvertently en-
tered [47].

Extensions medially (approach to the internal auditory
canal through the labyrinth and/or cochlea)

Once the jugular bulb has been opened, the surgical ex-
posure is then increased in all directions. The dura mat-
er is delineated in the middle cranial fossa. If a tumor is
large, a labyrinthectomy and cochleatectomy can be
performed (translabyrinthine and transcochlear ap-
proaches) with full exposure of the internal auditory ca-
nal [48, 49, 50]. To preserve its function, the remainder
of the facial nerve is rerouted out of the surgical field
[34, 36, 37, 44] (critical relationships 10 and 11; Table 2,
Fig 51, h).

Extensions anteriorly

The ITF approach can be extended for wider exposure
of the skull base, in what are typically designated type
A, B, and C ITF approaches (not illustrated). Type A
exposes the internal carotid artery in its bony canal [45,
51]; the point of entry of the internal carotid artery into
the skull base is a critical landmark (critical relationship
5, Table 2; Fig 5a). After opening the jugular fossa, the
base of the jugulocarotid spine is removed, and the pe-
trous internal carotid artery is skeletonized circumfer-
entially by removing the bone separating the dura
mater of the middle cranial fossa from the horizontal
portion of the petrous internal carotid artery (critical re-
lationships 6 and 7, Table 2; Fig.5d).

In type B, the mandibular fossa is removed to allow
full exposure of the petrous internal carotid artery. The
surgeon divides the middle meningeal artery at the fora-
men spinosum and the mandibular division of the
trigeminal nerve at the foramen ovale, increasing the
anterior exposure of the skull base [8, 40, 52] (critical re-
lationships 3 and 4, Table 2; Fig 5a).

The widest exposure, type C, can be used to reach pa-
thology extending into the sphenoid sinus, nasopharynx,
and orbital apex [53, 54, 55, 56] (critical relationships 1
and 2, Table 2; Fig Sa) These relationships are critical
because they give the surgeon an idea of the depth of
dissection.

A rotated transverse atlas for the infratemporal fossa
and facial recess (FR) approaches

The transverse plane of the petrous bone was defined as
the plane containing the superior semicircular canal, as

described above. The transverse images were created
to display surgically meaningful relationships for both
the ITF and FR approaches. They were rotated to place
the middle above the posterior cranial fossa, matching
the surgical perspective (Fig.6). We chose appropriate
sections (Fig.7) and determined 14 surgically important
relationships (Table 3). We used the abbreviations given
in Fig 5 for labeling the HRCT reconstructions [1, 2, 3, 4,
5,17,19, 44, 57], and color-coding as in Fig. 1 for the sur-
gical views (Fig.6), and the inverted sagittal CT atlas
(Fig. 7).

We describe two surgical approaches and the impor-
tance of individual reconstructed rotated transverse im-
ages (Fig.7a-h) and relationships (1-14, Table 3).

The ITF approach

This has been described in detail above. The transverse
images shown in this section are perpendicular to this
dissection and can be thought of as a series showing crit-
ical mediolateral relationships as they will appear at sur-
gery. They are a useful supplement to the longitudinal
views described above. The transverse images become
important when the surgeon removes the bone overly-
ing the facial nerve from the stylomastoid foramen to
the geniculate fossa so that the facial nerve can be trans-
posed out of harm’s way (critical relationships 1, 2 and 4,
Table 3; Fig.7a, d, e). Next, the surgeon must expose
and remove the sigmoid sinus and the jugular bulb (crit-
ical relationships 3, 5 and 7, Table 3; Fig.7c, d, e).

The relationships to the inner ear structures are most
important in ITF approaches that preserve the labyrinth
and cochlea. As mentioned, these structures guide re-
section of advanced jugular fossa tumors, which require
full exposure of the internal auditory canal through a
labyrinthectomy and cochleactectomy. This additional
exposure requires removal of the labyrinth, transporta-
tion of the facial nerve out of the fallopian canal and ex-
posure of the internal auditory canal. Further medial
exposure can be obtained by removal of the cochlea
(Table 3, critical relationships 6, 9-12, Table 3; Fig.7e,
g, h).

Type A, B, and C approaches have already been de-
scribed. The mediolateral relationship between the
mandibular fossa to the petrous internal carotid artery
is important in type A, since the mandibular fossa is lat-
eral to the point at which the internal carotid artery en-
ters the skull base (critical relationship 8, Table 3;
Fig.7). Further anterior extension (type B) can be per-
formed to reach pathology as far forward as the cavern-
ous sinus, clivus and hypoglossal canal (critical
relationships 13 and 14, Table 3; Fig. 7h).
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The FR approach

This is used to eradicate chronic ear infection. The sur-
gical tract created can replace the aditus ad antrum, the
natural connection between the mastoid air cells and
the middle ear, bypassing obstruction caused by chole-
steatomas or mucosal inflammation. This approach is
uniquely suitable for cochlear electrode implantation,
allowing the electrode to be positioned in the round
window while the implant remains in the mastoid [58].
It is a challenging maneuver in which the surgeon ac-
cesses the middle ear through the mastoid bone via the
facial recess, a small triangular area outlined by a solid
yellow line in Fig.7a, b. This requires removal of the
bone between the external auditory canal and the verti-
cal segment of the facial canal. Inflammation of the mu-
cosa within the facial recess air cells makes this
approach more challenging because the visual clues
which distinguish air cells from the facial nerve canal
are distorted. If the facial recess is sufficiently large,
the external auditory canal and tympanic membrane
can be left intact, but if it is small, the surgeon must re-
move the first of these, in a “canal-down” procedure.
Patients with well-pneumatized temporal bones tend to
have a larger facial recess and are the best candidates

for the facial recess approach. (critical relationships 1
and 2, Table 3; Fig.7a). The short process of the incus
(Fig.7b) defines the location and direction of the sec-
ond genu of the facial nerve which underlies this ossicle
at the incudial fossa. Injury to the incus or the facial
nerve results in ipsilateral deafness or facial paralysis.

The maximum exposure of a simple FR approach is
shown by relationship 4 in Table 3 (Fig.7d), which also
shows the oval and round windows; the latter receives
the electrode in cochlear implant surgery. In an extended
FR approach, the opening is widened inferiorly to allow
access to the hypotympanum (Fig.7a, b). The external
auditory canal is skeletonized inferiorly by removing
the vaginal plate of the tympanic bone and the base of
the styloid process. In so doing, the chorda tympani nerve
(which carries taste fibers from the anterior two-thirds of
the tongue) is severed in its canal [59, 60]. This extension
also brings the surgeon into close proximity to the jugular
bulb (which may be unusually high or dehiscent in the
tympanic cavity) in the jugular fossa (critical relationship
3, Table 3; Fig 7c¢). This approach can be extended up to
the sigmoid sinus and jugular bulb [59].
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