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Abstract

The anatomical relationship between the arcuate eminence (AE) and the superior semicircular canal
(SSC) was examined by computed tomography (CT) in 52 petrous bones of 26 patients. After acquiring
volume data by multidetector CT, 1-mm thick oblique bone window images perpendicular to the SSC
were obtained from the axial images. The distances between the AE and the SSC, and the SSC and the
superior surface of the petrous bone were measured. The AE corresponded exactly with the SSC in only
2/52 petrous bones, and corresponded well in 7/52. The AE was lateral to the SSC in 25/52 cases, medial
to the SSC in 6/52 cases, intersected in 3/52 cases, and was indiscernible in 9/52 cases. The distance be-
tween the SSC and the petrous surface was 0 mm in 45/52 petrous bones, 1 mm in 5/52, 2 mm in 1/52,
and 3 mm in 1/52. The SSC typically does not correspond exactly with the AE, and is generally located
just under the surface of the petrous bone. Planning of the middle cranial fossa approach requires loca-
tion of the SSC by CT.
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Introduction

The middle cranial fossa approach is very useful for
treating lesions of the internal auditory canal (IAC)
and the petrous apex, the most inaccessible portion
of the temporal bone. Otolaryngologists have long
used the middle cranial fossa approach for facial
nerve repair, vestibular neurectomy, repair of dural
defects, removal of intracanalicular tumors, and sur-
gical treatment of other temporal bone lesions.12)

Neurosurgeons now use the extended middle cranial
fossa approach, the modified extended middle crani-
al fossa approach, and the combined transpetrosal-
transtentorial approach to expose skull base tumors
and posterior circulation cerebral aneurysms,
amongst other neurosurgically treatable disor-
ders.1,2,9,10,14,17–20)

Accurate knowledge of the anatomy is the basis of
any type of surgery. The important landmarks in-
trinsic to the middle cranial fossa approach are the
foramen spinosum, the foramen ovale, the greater
superficial petrosal nerve (GSPN), and the arcuate

eminence (AE). The AE is often used as a landmark
for the position of the superior semicircular canal
(SSC), approximately located under the AE, which is
an important landmark in middle cranial fossa sur-
gical interventions. However, the AE cannot be
recognized if not prominent on the surface and
tends to exhibit much individual variation, so often
does not physically correspond well with the SSC.

The present study examined and assessed the
topographic relationship between the SSC and the
AE by computed tomography (CT).

Materials and Methods

Fifty-two petrous bone scans were examined from
26 Japanese patients, 14 males and 12 females aged
9–72 years (mean 44.6 years), scheduled for surgical
extirpation of tumor. CT was performed with a 16-
detector multislice SOMATOME Sensation 16 (SIE-
MENS, Inc., Munich, Germany). After collecting
volume data, horizontal bone window scans of the
SSC were obtained with window width of 3000
Hounsfield units and window level of 1000 Houns-
field units (Fig. 1A, a). Following this, 1-mm thick
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Fig. 1 A, a: Axial bone window computed
tomography scan of the left petrous bone
showing the superior semicircular canal
(SSC). B–D, b–d: Oblique images of 1-mm
thickness perpendicular to the SSC were ob-
tained from the axial image. The three ob-
lique images of the most anterior (B, b), cen-
tral (C, c), and most posterior (D, d) points of
the SSC were utilized to measure distances.
AE indicates arcuate eminence; CC, com-
mon crus; IAC, internal auditory canal;
LSC, lateral semicircular canal; MA,
mastoid antrum; MAS, mastoid air sinus;
PA, petrous apex; PSC, posterior semicircu-
lar canal.
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oblique images perpendicular to the SSC were ob-
tained from the axial scan (Fig. 1B–D, b–d). The dis-
tances between the AE and the most anterior, cen-
tral, and most posterior points of the SSC were
measured, taking the SSC position as zero, the later-
al direction as positive, and the medial direction as
negative along the oblique slices (Fig. 2A, B). The
distance between the SSC and the superior surface

of the petrous bone was also measured (Fig. 2C).
The petrous bones were then classified into eight

groups, according to the AE-SSC distances as fol-
lows: Group C, all distances were 0 mm (zero), or the
AE corresponded exactly with the SSC; Group C',
two of the three distances were zero; Group L, two of
the three distances were positive, indicating that the
AE was lateral to the SSC; Group L', positive, zero,
and indiscernible distances; Group M, two of the
three distances were negative, indicating that the
AE was medial to the SSC; Group M', negative, zero,
and indiscernible distances; Group I, positive and
negative distances, indicating that the AE probably
corresponded with the SSC; and Group U, two of the
three distances were indiscernible. According to
this classification, Groups C and C' can be catego-
rized as the corresponding group, Groups L and L'
as the lateral group, and Groups M and M' as the
medial group.

Results

The 52 petrous bones were classified according to
the relationship between the SSC and the AE: Group
C two cases, Group C' seven cases, Group L 22 cases,
Group L' three cases, Group M four cases, Group M'
two cases, Group I three cases, and Group U nine
cases. Therefore, the corresponding group (C and C')
contained 9/52 bones, the lateral group (L and L')
25/52 bones, and the medial group (M and M') 6/52
bones (Table 1).

The distance between the SSC and the superior
surface of the petrous bone was measured as fol-
lows: 0 mm in 45/52 cases, 1 mm in 5/52 cases, 2 mm
in 1/52 cases, and 3 mm in 1/52 cases (Table 2).

Discussion

The present study shows that the location of the AE
approximately corresponds to that of the SSC, but
the precise topographic relationship shows individ-
ual variations.

Examination of 60 dry adult temporal bones found
that the AE was not discernible in 9/60 bones.13) The
AE was rotated posteriorly in 50 of the other 51
cases, and was rotated 909from its typical orienta-
tion in the remaining case. The approximate loca-
tion of the apex of the SSC can be determined by ex-
tending a line for 10 mm in the posterior direction
from the anterior border of the geniculate ganglion
parallel with the GSPN, and then proceeding 4 to 5
mm medially. The AE was not prominent in 4/20
temporal bone specimens, and the SSC had poor
pneumatization and depth in the other 16 cases.21) In
our study, we could not discern the AE in 9/52 cases
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Fig. 2 Oblique images illustrating the measurement of the distance between the arcuate eminence
(AE) and the superior semicircular canal (SSC). Taking the SSC position as zero, the lateral
direction as positive (A), and the medial direction as negative along the oblique slices (B), and
the distance between the SSC and the superior surface of the petrous bone (C).

Table 1 Distance between the superior semicircular canal (SSC) and arcuate eminence (AE)

Case
No.

Age
(yrs) Sex

Right petrous bone Left petrous bone

Anterior*
(mm)

Central*
(mm)

Posterior*
(mm) Class** Anterior*

(mm)
Central*

(mm)
Posterior*

(mm) Class**

1 53 F 1 5 5 L 0 2 5 L
2 28 M — — — U 2 0 — L'
3 25 M 5 5 — L 0 — — U
4 24 M 0 3 0 C' 0 3 2 L
5 69 M 0 — — U 6 3 4 L
6 71 F 4 4 6 L 4 4 3 L
7 62 F －3 －3 — M 7 6 10 L
8 9 F — 0 3 L' 0 0 — C'
9 64 M 0 0 0 C 5 0 －3 I

10 34 M 0 －3 — M' — — — U
11 64 M －8 －5 — M 0 3 6 L
12 35 F －3 0 0 C' 4 4 4 L
13 19 M 4 0 3 L －2 0 2 I
14 14 M 3 4 4 L 1 4 4 L
15 36 M －3 0 0 C' — — — U
16 54 M 0 4 6 L 4 1 4 L
17 21 M 2 0 0 C' 2 0 — L'
18 63 M — — — U －4 －6 — M
19 47 F — — — U 0 0 0 C
20 66 F 0 0 4 C' 0 0 2 C'
21 51 M 3 5 — L 2 3 3 L
22 20 F 2 2 －3 I －2 — — U
23 55 F 3 3 5 L 5 3 0 L
24 72 F — — 3 U 0 2 5 L
25 51 F －5 －4 — M 3 3 — L
26 53 F －1 0 — M' 0 3 3 L

*Positive value indicates the AE is located lateral to the SSC; negative value indicates the AE is medial to the SSC.
**C: all three distances were 0 mm (zero); C': two of the three distances were zero; L: two of the three distances were
positive; L': positive, zero, and indiscernible distances; M: two of the three distances were negative; M': negative,
zero, and indiscernible distances; I: positive and negative distances; U: two of the three distances were indiscernible.
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Table 2 Distance between the superior semicircu-
lar canal and superior surface of the pe-
trous bone

Case No. Right (mm) Left (mm)

1 0 0
2 0 0
3 0 0
4 0 0
5 0 0
6 0 0
7 0 0
8 0 0
9 1 1

10 2 3
11 0 0
12 0 0
13 1 0
14 0 1
15 0 0
16 0 0
17 1 0
18 0 0
19 0 0
20 0 0
21 0 0
22 0 0
23 0 0
24 0 0
25 0 0
26 0 0
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and one SSC in the indiscernible group (Group U)
was 3 mm from the superior surface of the petrous
bone.

Various methods are available for exposing the
IAC. The geniculate ganglion and the IAC can be
skeletonized by following the GSPN, which does not
require locating the SSC or the AE.11) The sagittal
line 28 mm from the inner surface of the squamous
temporal bone along the transverse biauricular line
can be used to define a safe area that overlies the
IAC but is medial to the labyrinth.15,16) This tech-
nique does not rely on locating the AE, but the ex-
posure of the IAC may be inadequate in this method
because of variation in the shape and size of individ-
ual heads.

The SSC can be used as a landmark for the iden-
tification of the internal auditory meatus.4,16) The
IAC is located approximately 10 mm anteromedial
from the apex of the SSC on a line parallel to the su-
perior petrosal sinus. Alternatively, the SSC and the
vestibular nerve delimit a sector of about 60 degrees,
centered over the superior ampulla.7) Both of these
methods require confirmation of the blue line of the

SSC. Clearly, knowing or being able to determine the
location of the SSC before surgery is of the utmost
importance to prevent compromising or injuring the
SSC.

Another method is based on the finding that the
IAC is directly under the bisection of the angle
formed by the GSPN and the AE.8) The orientation
and location of drilling depends on the direction and
situation of the AE. Considering the variations in the
AE axis, the location of the IAC cannot be deter-
mined before drilling. Moreover, the angles depend
on the physical position of the surgeons, as the angle
between the GSPN and the IAC is wider than the an-
gle between the AE and the IAC from the posterior
direction, but narrower from the anterior direc-
tion.5) Using the AE directly to identify the IAC is
both unwise and inaccurate. The IAC may be locat-
ed approximately 60 degrees anteromedially from
the SSC, not from the AE. Similarly, the IAC also lies
along the bisecting line between the GSPN and the
SSC, not the AE.

The AE may be a trace of the occipitotemporal sul-
cus and will not exactly correspond to the SSC.22,23)

Study of 100 CT scans of the temporal bone showed
that the AE was not a good landmark for the SSC in
48% of the cases.6) A study of the relationship be-
tween AE and SSC proposed the use of three-dimen-
sional CT imaging for detailed surgical planning.3)

We analyzed this subject in Japanese patients and
found that most AEs did not exactly corresponded to
the SSCs. The AE was located lateral to the SSC in
48%, corresponding in 17%, medial in 12%, and in-
discernible in 17% of the petrous bones. We also
found that most AEs were located just under the su-
perior surface of the petrous bones.

The location of the SSC is not difficult to ascertain
before surgery using suitable CT techniques. Clear-
ly, whatever method the surgeon chooses to use, the
relationship between the AE and the SSC is ex-
tremely valuable to understand when making any
decisions concerning the drilling of the bone cover-
ing the IAC.
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Commentary

It is well known that the apex of the pyramid can be
safely drilled-off between the inner auditory canal and
the entry point of CN VI. The most important point is
to start drilling about 8 mm medially to the foramen
spinosum, and then to enter the bone adjacent to the
root of CN V on its posterior aspect in the direction
from the latero-posterior to the infero-medial side.1)

Computed tomography is no doubt very useful to
show the relationship between SSC and AE in individ-
ual cases. But again, one should be familiar with the
anatomy of the apex of the pyramid and of the con-
tents of the apex of the pyramid. To be informed in
advance of the surgical procedure of the ``anomaly'' of
pneumatization of the skull base bones as well as the
position of the SSC is very welcome. Computed
tomography studies coupled with the actual microsur-
gical anatomy are very useful and can positively
influence the safety of surgical procedure as well as
accelerate the surgical dissection.
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Apart from being an important surgical landmark, the
arcuate eminence can sometimes cause a significant
hump and affect the exposure of the medial petrous
bone structures. Such humps simulate frequently
encountered humps of the orbital roof whilst exposing
the suprasellar region. Frequently, the eminence may
be a diffuse bulge and does not form a useful land-
mark for identification of the superior semicircular
canal. Personally, I do not consider it as a reliable
landmark to identify or pin-point the superior semicir-
cular canal. Thickness of the bone underneath the
eminence, size of air cells and relationship to superior
semicircular canal are important surgery-related fac-
tors. The present study emphasizes the varying
relationship of the arcuate eminence with the superior
semicircular canal. Understanding and knowing
about this relationship is important for neurosurgeons
dealing with complex basal tumors.
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The conclusion of this paper that ``the arcuate emi-
nence (AE) did not correspond with the anterior semi-
circular canal (ASC)'' is shocking news for skull base
surgeons performing the anterior transpetrosal ap-
proach. In patients with ASC lateral or anterior to the
AE, anterior petrosectomy may have a risk of hearing
loss. This conclusion is the same as described by Bul-
sara et al. in Neurosurgery in 2006. However, during
drilling the surgeon does not navigate by the AE only,
but by quality of the bone (with air cells or not). Audi-
tory structures are always in the compact bone. In
patients with indiscernible AE, this feeling is particu-
larly important for hearing preservation. Preopera-
tive target bone CT is therefore very important for
both manual and image-guided navigation for selec-
tive petrosectomy.
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