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Objective: To identify the relationship between the vertical por-
tion of the facial nerve and the tympanic annulus, using computed
tomographic (CT) scans of healthy adult and pediatric patients.
Study design: A retrospective review of CT scans.
Setting: The study was conducted in a tertiary referral medical
center.
Patients:After excluding earswith noted pathology, a total of 241
ears were included in the final review (121 right and 120 left ears).
The mean age of the patients was 33.3 years (2 mo to 87 yr).
Intervention(s): Both structures were identified at three distinct
locations: the superior and the inferior most margins of the
tympanic ring and at the umbo. Measurements were made in
both anteroposterior and a mediolateral planes. Comparisons
between different age groups were made to analyze the relative
change in position that happens with age.

Results: The vertical portion of the facial nerve, as it proceeds
distally, takes a more anterior and lateral course, and crosses the
plane of the annulus almost consistently in the inferior third.
The average distance at each location is reported. Statistically
significant differences were found between age groups, in the
areas around the second genu and the distal most segment of the
facial nerve.
Conclusions: This is the largest anatomic study to date ana-
lyzing the relationship of the facial nerve to the tympanic
annulus. It also allows comparison between age groups, dem-
onstrating a significant difference between adult and pediatric
groups, especially in the distal portion of the fallopian canal.
Key Words: AnatomyVAnnulusVComputed tomographic
scanVFacial nerve.
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The facial nerve follows an intricate course through the
temporal bone that puts it at risk of injury during surgeries
of the ear and lateral skull base. Facial paralysis resulting
from such injury is the most dreaded complication of oto-
logic procedures.

During surgery through the mastoid bone, the facial
nerve can be typically identified through direct visual in-
spection using stable landmarks (horizontal semicircular
canal, short process of the incus, etc.). The problem mostly
arises during surgery performed through the external au-
ditory canal (EAC), where the facial nerve lies in a hidden
position, with no known reliable and constant landmarks.
This is especially true in procedures that require enlarge-
ment of the EAC, such as lateral graft tympanoplasty or the
infracochlear approach.

The most consistent landmark during such procedures is
the tympanic annulus, a structure that is always and easily

visualized. Only a few studies have addressed the anato-
mic relationship of these 2 structures, and all had a limited
number of specimens (1,2). In addition, it is well known
that the positions of both the tympanic annulus and the
distal facial nerve change as the ear canal and the mastoid
portion develop during childhood (3).

Using high-resolution computed tomography (CT)
imaging, we have measured the relationship between
these two structures, and analyzed the change that occurs
with age.

MATERIALS AND METHODS

High-resolution (0.6 mm thick) computed tomography of the
temporal bone obtained in the axial planes, between October
2008 and March 2011, were retrieved from the patients’ imaging
database (IMPAX), after institutional review board approval at a
single institution.
CT examinations of the temporal bones are performed at our

institution using a multidetector scanner (Sensation 64; Siemens).
Scanning is performed in the standard axial plane (orbitomeatal
plane) with helical technique (120 kV, 140 mA, section thickness
of 2 mm, reconstructed in 0.6 mm, and matrix 512 � 512).
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Each ear was treated as an independent subject. Ears were
only included if the scan was read as normal, with no congenital
anomalies, infection (acute or chronic), cholesteatoma, tumors,
or fracture.
Both the tympanic annulus and the vertical portion of the facial

nerve were identified at three distinct locations: at the superior
most margin of the tympanic ring, at the level of the umbo, and
at the inferior most margin of the tympanic annulus.
Measurements were made in both anteroposterior (AP) plane

(in reference to a line drawn along the posterior wall of the EAC)
and mediolateral (ML) plane (in reference to a line drawn along
the axis of the tympanic membrane) (Fig. 1) at each of the above-
mentioned locations, by 3 independent readers, 1 radiology and
2 otolaryngology residents.
Each ear thus yielded 6 different measurements: ML1, AP1,

ML2, AP2, ML3, and AP3 (Figs. 2 and 3).
Measurements of the mediolateral (ML) distance were given a

negative value if the facial nerve was medial to the plane of the
annulus and a positive one if it resided lateral to it; similarly, in
the anteroposterior direction, a positive measurement indicates a
posterior position.
To analyze the relative change in position that happens with

age, patients were divided into 4 age groups: Group 1: 0 to 5 years,
Group 2: 5 to 10 years, Group 3: 10 to 15 years, and Group 4:
over 15 years of age.

DATA ANALYSIS

Data management and analyses were carried out using the
Statistical Package for Social Sciences (SPSS) version 19.
Descriptive analyses were carried out by calculating the
number and percent for categorical variables and mean
and range for continuous variables. Association between
the different measurements and the age groups was carried
out using the ANOVA test.

The data collected by the 3 independent readers was
comparable and the numbers averaged out.

RESULTS

Approximately 136 patients were reviewed. The popu-
lation included 66 female subjects (48.5%) and 70 male
subjects (51.5%), with a mean age of 33.3 years (2 mo to
87 yr). After excluding ears with noted pathology, a total
of 241 ears were included in the final review (121 right
and 120 left ears). As noted previously, each ear was ana-
lyzed as an independent data point.

The number of scans included in each age group is de-
scribed in Table 1.

Table 2 illustrates the anteroposterior and mediolateral
location of the facial nerve in relation to the annulus,
divided by age groups. Statistically significant differences

FIG. 1. Axial cut from a left ear, with the blue lines drawn along
the planes of the tympanic membrane and the posterior wall of the
external auditory canal.

FIG. 2. AYC, Relative position of the facial nerve in adults (red circle)
and children younger than 5 years (yellow circle).
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were found mostly between Groups 1 and 4 (the youngest
and oldest age groups). At the most proximal level,
around the second genu, the facial nerve is located about
0.5 mm more posterior in infants and toddlers compared
with that in adults. As the fallopian canal proceeds dis-
tally, the facial nerve follows a more lateral course in all
patients and is lateral to the annulus in its inferior third in
the majority of patients (90% of patients). When com-
paring age groups, it is clear that the course of the nerve is
significantly more lateral in Group 1 (infants and young
children), as compared with older patients. This rela-
tionship seems to change in the first few years of life,
as indeed it reaches adult values by 5 years. Figure 2, A
to C, illustrates this relationship on axial cuts, whereas
Figures 3, 4, and 5 are artist renderings.

DISCUSSION

Litton et al. (2), in 1969, used 50 dried temporal bones,
filled with radio-opaque dental amalgam, with a brass
wire placed in the annular sulcus. Plain x-rays were taken
in 3 projections: lateral, anteroposterior, and inferosuperior.
The course and the relation of both the vertical and the
horizontal portions of the facial nerve were studied in ref-
erence to the tympanic sulcus. The notable outcome of that
study was that in 33 of the 50 temporal bones, the vertical
portion of the facial nerve coursed lateral to the tympanic
annulus beyond its lower half. Therefore, surgeons were
advised caution in the posteroinferior area of the EAC.

In 1999, Adad et al. (1) carried out another anatomic
study. Thirty-seven cadaver temporal bones were examined

after skeletonizing both the facial nerve and the tympanic
annulus. The posterior half of the annulus was divided
into 6 points, and the distance to the vertical portion of
the facial nerve was then taken. In a comparable outcome,
the nerve coursed lateral to the plane of the annulus in
70% of the specimens, almost exclusively in the pos-
teroinferior quadrant.

The relationship between the tympanic annulus and the
fallopian canal changes with age. Indeed, unlike the inner
ear, which has been described to be of adult size even
before term (4Y8), the middle ear cleft and mastoid bone
are dynamic structures. Dahm et al. (3) proved that the
development of each of the numerous parts of the tem-
poral bone was multifactorial, at different phases and at
different speeds.

At birth, the plane of the tympanic ring is at an angle of
25 degrees from the horizontal plane. This angle widens
up to around 50 to 60 degrees in adults (9). In their study,
Dahm et al. noted that the vertical portion of the facial
nerve and the chorda tympani were both more superfi-
cially located in younger children when compared with
adults. He also documented a centrifugal growth pattern
of the lateral parts of the temporal bone, more pronounced
in the first 2 years of life.

The results of this study agree with those of previous
studies and expand on them in describing the age-related
changes in the course of the facial nerve.

At the most proximal portion of the vertical portion of
the fallopian canal, in the area of the second genu, the

FIG. 3. Average course of the facial nerve in the adult population in relationship to the annulus.

TABLE 1. Distribution of patients by age group

Group Age (yr) No. ears

1 1Y5 30
2 5Y10 32
3 10Y15 16
4 915 163

TABLE 2. Average measured distances in each location by
age group

Mm Group 1 Group 2 Group 3 Group 4 p

AP1 5.0 4.7 4.6 4.4 0.000
ML1 j3.0 j3.0 j3.3 j3.3
AP2 3.6 3.5 3.6 3.4
ML2 j1.9 j2.5 j2.3 j2.3 0.032
AP3 3.8 4.1 4.3 4.0
ML3 0.6*+ 0.1* 0.4 0.1+ *0.005 +0.000
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nerve is at its most distant location from the tympanic
annulus, and at the most medial point. This is the widest
area of the facial recess, measuring about 4.5 mm in the
AP direction. The nerve is also consistently medial to the
annulus; being located about 3 mm deeper than the plane
of the posterior annulus. Interestingly, our measurements
reveal that the superior most part of the facial recess is
about 0.5 mm wider in infants and young children com-
pared with adults.

As the nerve proceeds distally, it takes a more anterior
and lateral course, and crosses the plane of the annulus
almost consistently in the inferior third.

The variability in the course of the facial nerve is even
more pronounced in children, where the distal portion is
located in an even more lateral position, which puts it at
particular risk during both endomeatal and transmastoid
surgery. Stable landmarks have to be followed (lateral
semicircular canal proximally, and digastric ridge distally
if needed). Ideally, the nerve would be identified in its

most proximal portion and carefully followed distally
as needed.

CONCLUSION

This is the largest anatomic study to date analyzing the
relationship of the facial nerve to the tympanic annulus. It
takes advantage of the high resolution available in CT
imaging today. Results confirm previous reports using
cadaver specimens that demonstrate a fairly consistent
course of the facial nerve in the proximal segments but
variability in the distal portion of the vertical segment.

This study also allows comparison between age groups,
demonstrating a significant difference between adult and
pediatric groups, especially in the distal portion of the
fallopian canal.

Such knowledge is valuable in both transmastoid sur-
geries and, more importantly, transcanal approaches. The
nerve is typically safe in the superior and middle portion

FIG. 4. Comparison between the course of the facial nerve in adults (blue) and young children (G5 yr, green). The greatest variability is
seen in the distal portion of the vertical segment, where the nerve is more lateral in children.

FIG. 5. A similar comparison between the course of the nerve in patients aged 5 years or younger (green) and those aged 5 to 10 (orange).
It is seen that the nerve takes a course similar to the adult group as early as 5 years of age.
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of the canal but becomes at risk when working in the
inferior and medial portion of the EAC, where it can often
be lateral to the annulus.
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