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Abstract
Purpose: The aim of the present study was to measure the distances of human temporal

bone between important landmarks for facial canal in the middle ear and mastoid.

Material and Methods: Length and diameter of the tympanic and mastoid portion of the

facial canal, of the lateral semicircular canal, proc. cochleariformis, eminentia pyramidalis,

distances to the related facial canal; the distance between proc. cochleariformis and tegmen

tympani; proc. cochleariformis and anterior side of the fenestra vestibuli; the uppermost point

of lateral semicircular canal and tegmen tympani were measured and recorded.

Results: Length and diameter of tympanic and mastoid portion of the facial canal revealed

concordance with the literature. In addition, distance between lateral semicircular canal�second

genu of the facial canal, eminentia piramidalis-facial canal, proc. cochleariformis - facial canal

were also in concordance with the literature. The distance between proc. cochleariformis �

tegmen tympani ranged 1.50-10.30 mm; proc. cochleariformis�fenestra vestibuli ranged 1.20-

4.00 mm; lateral semicircular canal�tegmen tympani ranged 1.25-10.50 mm.

Conclusion: Distances between proc. cochleariformis�tegmen tympani, proc.

cochleariformis�fenestra vestibuli, lateral semicircular canal�tegmen tympani, offer additional

important knowledge to the physicians interested in mastoid and middle ear anatomy.

Key words: Cadaver; Cranial Nerve VII; Mastoid; Middle ear; Semicircular canals;
Temporal bone.

Özet
Amaç: Sunulan çalýþmada insan temporal kemiðinde, orta kulak ve mastoidde fasiyal kanal

için önemli iþaret noktalarý arasýndaki mesafelerin ölçülmesi amaçlandý .

Gereç ve Yöntemler: Fasiyal kanalýn timpanik ve mastoid parçalarýnýn uzunluk ve çaplarý ile

fasiyal kanalýn iliþkide olduðu lateral semisirküler kanal, proc. cochleariformis ve eminentia

pyramidalise olan mesafeleri; proc. cochleariformisin tegmen tympani ve fenestra vestibulinin

ön yüzüne olan mesafesi; lateral semisirküler kanalýn en üst noktasý ile tegmen tympani

arasýndaki mesafe ölçülerek kaydedildi.

Bulgular: Fasiyal kanalýn timpanik ve mastoid parçalarýnýn uzunluklarý ve çaplarýnýn ölçümleri

ile lateral semisirküler kanal�fasiyal kanal ikinci dirsek arasýndaki mesafe; eminentia pyramidalis-

fasiyal kanal arasý mesafe; proc. cochleariformis-fasiyal kanal arasý mesafe sonuçlarý literatür

verileri ile uyumlu idi. Proc. cochleariformis � tegmen tympani arasý mesafe 1,50-10,30 mm

arasýnda; proc. cochleariformis � fenestra vestibuli arasý mesafe 1,20-4,00 mm arasýnda;

lateral semisirküler kanal�tegmen tympani arasý mesafe 1,25-10,50 mm arasýnda idi.

Sonuç: Proc. cochleariformis � tegmen tympani arasý mesafe, proc. cochleariformis � fenestra

vestibuli arasý mesafe, lateral semisirküler kanal�tegmen tympani arasý mesafe, diðer ölçüm

mesafeleri ile birlikte mastoid ve orta kulak anatomisine ilgi duyan hekimlere ilave  önemli

bilgiler sunmaktadýr.

Anahtar kelimeler: Kadavra, Kranial Sinir VII; Mastoid; Orta kulak; Semicirküler kanallar;
Temporal kemik.
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Introduction

Temporal bone is the most complex bone of the body.

The facial nerve is one of the most sensitive structures in

the temporal bone that can be easily injured during the

middle ear surgeries. This situation is very important for

the surgeons where an injury of the facial nerve causes

additional responsibilities. Either anatomic changes after

the former surgery or presence of the pathological

structures such as granulation tissue is the risk factors

that can increase the possibility of facial nerve injury

(1, 2). For these reasons, it is necessary to know whole

anatomy of facial canal and surrounding important

structures (3).

Anatomic landmarks offer to the surgeon different options

when changes of the facial nerve position occured by the

iatrogenic, traumatic, inflammatory, and the other reasons

(4). The portions of the facial canal, lateral semicircular

canal, proc. cochleariformis are the important landmarks

for middle ear and mastoid operations. The length of the

tympanic segment (5-8) and mastoid segment (9-11) of

the facial canal, the relationship between lateral

semicircular canal and second genu (12), the bony

thickness between facial canal and eminentia pyramidalis

(7), the shortest distance between facial canal and proc.

cochleariformis (13), the diameter of the horizantal and

mastoid segment of the facial canal (5,14) were investigated

in the former studies. Hovewer the distance between proc.

cocleariformis and tegmen tympani, the distance between

proc. cochleariformis and the anterior side of the fenestra

vestibuli, the distance between the uppermost point of

lateral semicircular canal and tegmen tympani were not

examined yet. During mastoid and middle ear surgeries,

we consider that these new measurements are also

important and can offer usefull information for physicians

interested in middle ear and mastoid anatomy.

Materials and Methods

Study Specimens. This study was performed on totally

48 adult human cadaveric temporal bones, consisting of

18 fresh and 30 dry bones that were provided by

Otolaryngology Head and Neck Surgery and Anatomy

Laboratories. The numbers of the dry and fresh bones of

the left and right ears were equal.

Temporal Bone Dissection. Total auricula resection was

performed in the fresh specimens first. Afterwards

cutaneous and subcutaneous tissues on the mastoid bone

were removed with a periost elevator. Macewen�s triangle

were drilled to find out the antrum, mastoid drilling was

carried out up to the tegmen mastoideum at the superior,

sigmoid sinus at the posterior, posterior wall of the external

auditory canal at the anterior, digastric ridge cells at the

inferior, and thus simple mastoidectomy was completed.

Incus was taken out and the second portion of the facial

canal and second genu were made visible by the facial

recess approach, without drilling posterior wall of the

external auditory canal. After this part of the procedure,

posterior wall of the external auditory canal was drilled.

Then malleus was taken out. Facial canal was opened

from tympanic portion up to geniculate fossa. Mastoid

portion of the facial canal was exposed by opening from

the second genu down to the stylomastoid foramina.

Thinning the bony plate of the tegmen tympani; duramater

was made visible. Superficial part of the lateral semicircular

canal was opened by drilling through its lateral bony wall.

Measurement Methods. Dissections were performed

under Zeiss Opmi 99® and Zeis Vario® microscopes and

Canon EOS10D® digital camera was mounted for taking

photos. Distances were measured with 0.1 mm sensitive

calliper and Storz® stapedectomy measuring device. The

measurements enrolled as millimeter category. The

measured distances categorized into two groups. The first

category was the distances which are only concerned facial

canal, the second was the distances that could be additional

to the first category parameters.

Facial Canal Distances (Figure 1). The length of the

tympanic portion of the facial canal between just behind

the geniculate ganglion and eminentia pyramidalis (A);

between the superior part of the eminentia pyramidalis

and foramen stylomastoideum (B); the shortest distance

between lateral semicircular canal and facial canal at the

level of second genu  (C) or between eminentia pyramidalis

and facial canal at the level of second genu or between

proc. cochleariformis and facial canal in the tympanic

portion (E).

Additional Parameters (Figure 2). The distance between

proc. cochleariformis and tegmen tympani (F) or proc.

cochleariformis and the anterior side of the fenestra

vestibule (G) or the uppermost point of lateral semicircular

canal and tegmen tympani (H); the diameter of the tympanic

portion of the facial canal at the just behind the geniculate

ganglion (Ia), anterior part of the fenestra vestibuli (Ib)

or posterior part of the fenestra vestibule (Ic); the diameter

of the mastoid portion of the facial canal at the superior

side of the eminentia pyramidalis (Ja), inferior side of the

eminentia pyramidalis (Jb) or  digastric ridge (Jc).
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Figure 1.  On dry left temporal bone A: the length of
the tympanic portion of the facial canal, B: the length of
the mastoid portion of the facial canal, C: The distance
between facial canal and lateral semicircular canal,
D: the distance between facial canal and eminentia
pyramidalis, E: at the second genu area, the distance
between facial canal and processus cochleariformis,
*: Tympanic portion of the facial canal, §: Mastoid portion
of the facial, LSC:  Lateral Semicircular Canal,
PC: Processus cochleariformis, TT: Tegmen Tympani

Figure 2. On dry left temporal bone; F: The distance
between processus cochleariformis and tegmen tympani,
G: The distance between processus cochleariformis and
anterior side of the fenestra vestibuli, H: The distance
between lateral semicircular canal and tegmen tympani,
Ia, Ib, Ic: The diameter of the tympanic portion of the
facial canal, Ja, Jb, Jc: The diameter of the mastoid portion
of the facial canal, LSC:  Lateral Semicircular Canal,
PC: Processus cochleariformis, TT: Tegmen Tympani,
EP: Eminentia Pyramidalis

Results

The all distances measured on temporal bone were shown
in Table I.

Table I. The distances measured on temporal bone (in mm scale)

Legend Description of distance Range Mean  SD

A The length of the tympanic portion of the facial canal 7.30-13.5  9.56  1.54

B The length of the mastoid portion of the facial canal 8.55-16.20  12.28  1.90

C Between facial canal and lateral semicircular canal 0.20-2.00  1.02 0.39

D Between facial canal and eminentia pyramidalis 0.13-1.40  0.68 0.36

E Between facial canal and processus cochleariformis at the second genu area 0.20-1.20  0.58 0.24

F Between processus cochleariformis and tegmen tympani 1.50-10.30  5.34 1.85

G Between processus cochleariformis and anterior side of the fenestra vestibuli 1.20-4.00  2.35 0.69

H The distance between lateral semicircular canal and tegmen tympani 1.25-10.50  4.86 1.56

 The diameters of the tympanic portion of the facial canal at�

Ia The level of  just behind the geniculate ganglion 0.80-1.50  1.04 0.20

Ib The level of  anterior part of the fenestra vestibuli  1.00 0.19

Ic The level of  posterior part of the fenestra vestibuli 0.50-1.80  1.02 0.23

 The diameters of the mastoid portion of the facial canal at

Ja The level of superior part of the eminentia pyramidalis  1.15 0.21

Jb The level of inferior part of the eminentia pyramidalis 0.75-2.13  1.28 0.29

Jc The level of digastric ridge 1.00-2.20  1.40 0.29

SD: Standart deviation

0.70-1.90

0.70-1.30
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Discussion

Length of tympanic portion of the facial canal. The

course of the tympanic portion of the facial nerve in

temporal bone is horizontal. This part of the nerve begins

from geniculate ganglion and ends at eminentia pyramidalis

(15, 16). The tympanic portion of the facial nerve canal

may not have bony coverage at superior and anterior part.

The location where the facial nerve injury mostly occurs

during the chronic otitis media and stapes surgery is, the

second part of the facial nerve. Therefore, the length of

the nerve in the second portion is very important during

the chronic otitis media surgery, stapes surgery and facial

decompression (17, 18). The length of this portion reported

by Proctor (8) varied from 10-12 mm and 8-11 mm by

Schaitkin and May (6), 9-13 mm by Candan et  al. (7)

and 11.4±1. 24 mm by Dimopoulos et al. (5). In this study,

the mean value of this portion was 9.55±1.54 mm

(7.30-13.50 mm).

Schaitkin and May (6) and Proctor (8) did not mention

about number of cases and method used. Candan et al.

(7) studied on 20 human cadaveric temporal bones and

the method used and results were similar to ours.

Dimopoulos et al. (5) used 102 plastic casts from

unselected human temporal bone specimens and their

plastic cast study results were also similar to our study.

Therefore, plastic cast study results may offer considerable

close results to the direct cadaveric studies.

The length of the mastoid portion of the facial canal;

between the superior part of the eminentia pyramidalis

and foramen stylomastoideum. The mastoid portion of

the facial canal begins from eminentia pyramidalis and

continues to foramen stylomastoideum. The course of the

mastoid portion is almost vertically from up to down. The

length of this portion was shown as follow in different

studies; 13.9±1.97 (6.4-20 mm) by Dimopouloset et al

(5), 12.2 mm (8.9-16 mm) by Kullman et al. (9), 13.8±2.1

mm (6- 18 mm) by Muren and Wilbrand (10), 16.2 mm

by Qiu et al. (11). In the histological sections the length

was found 13 mm by Proctor (8) and 10-14mm by May

(16). The mean length of this portion was 12.28±1.91

mm (8.55-16.2 mm) in our study.  In addition, Candan et

al. (7) and Kullman et al. (9) studied on human temporal

bones and their results were similar to ours.

The shortest distance between lateral semicircular

canal and facial canal at the level of second genu. The

facial nerve runs between the ampulla of the lateral

semicircular canal and facial canal at the anterior part of

the fenestra vestibule and it is1 mm far from these structures

(17). Donaldson and Anson (12) reported that the shortest

distance between lateral semicircular canal and facial

canal was 1.25 mm (0.92-1.70 mm) on average. In this

study, the shortest distance between lateral semicircular

canal and facial canal was measured at the level of second

genu and the mean distance was 1.02±0.39 mm

(0.2-2 mm). Therefore, when the pathologies of the facial

nerve at the second genu are being cleaned, both risk of

labyrinth opening and facial nerve injury can increase.

The shortest distance between eminentia pyramidalis

and facial canal at the level of second genu. Facial nerve

is under risk during the otosclerosis surgey, such as

stapedectomy and stapedotomy. An exposed bony part

over the facial nerve usually does not cause a problem in

the first operation. The possibility of facial nerve injury

is low if the removal of the stapes floor and the placing

of the prosthesis will be made carefully. But if it is a

revision stapedotomy or stapedectomy, because of the

opened part of the fasial nerve is usually covered by

granulation tissue, the injury risk of the facial nerve�s

tympanic portion over the fenestra vestibuli will be higher

(19,20). Eminentia pyramidalis, where musculus stapedius

is originated from, must be shown during stapedotomy

and stapedectomy procedures. If the shortest distance

between eminentia pyramidalis and facial canal is known,

the risk of facial nerve injury may decrease. Candan et al

(7) measured this distance in histologic sections and

determined 1.50-2.30 mm. In this study, the bony thickness

between facial canal and eminentia pyramidalis was

measured. The mean distance was 0.69±0.36 mm

(0.13-1.40 mm). Surgeons must be careful around this

area according to these values.

The shortest distance between proc. cochleariformis

and facial canal in the tympanic portion. The distances

between proc. cochleariformis and its surrounding

structures must be known during the surgeries near the

geniculate ganglion area, and the beginning of the tympanic

portion. Proc. cochleariformis is one of the most important

landmarks to identify the facial nerve in the middle ear.

Wong and Chen (14), and Schaitkin and May (6) declared

that proc. cochleariformis is a constant landmark to identify

the facial nerve even though other landmarks can not be

found by the reason of middle ear patologies. Wong and

Chen (14) measured the shortest distance between facial

canal and proc. cochleariformis, and the distance was 0.87

mm (0.5-2.25 mm) on average in their study. Also, Bento

et al (21) determined that proc. cochleariformis is the most
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important landmark for facial nevre decompression by

middle fossa approach. The mean distance between facial

canal and proc. cochleariformis was 0.58±0.24 mm (0.2-

1.20 mm) in this study.

The distance between proc. cochleariformis and tegmen

tympani. The pathological tissues such as granulation

tissue or cholesteatoma, which is situated in the

epitympanium or over the tympanic portion of the facial

nerve, must be removed without causing facial nerve

injury. When the tympanic portion of the facial nerve is

covered by tumoral tissue in a facial paralysed patient,

nerve can be sacrified during the dissection (22). If the

distance between proc. cochleariformis and dura is known,

dural injury and neural tissue herniation can be prevented.

The shortest distance between the uppermost point of

proc. cochleariformis and tegmen tympani was measured

in this study. The mean distance was 5.34±1.85 mm

(1.5- 10.3 mm). The minimal value of 1.5 mm, points

that careful dissection should be done in this area.

The distance between proc. cochleariformis and the

anterior side of the fenestra vestibuli. The ossicular

chain of the middle ear may be damaged partially or

totally because of chronic otitis media or cholesteatoma.

Ossicular chain destruction can be accompanied with

chronic otitis media, with or without cholesteatoma,

95 % and 42 % respectively. The long arm of the incus

and the suprastructure of the stapes are erodaded

respectively because of cholesteatoma arised from pars

tensa. The stapes floor usually remains intact for a long

time (18). If proc. cochleariformis is searched toward to

the anterior side of the fenestra vestibuli, it may be easily

localized during the tumor surgery. No reported study

about the distance between processus cochleariformis and

fenestra vestibuli in the literature. The distance between

the hindmost portion of proc. cochleariformis and the

anterior side of the fenestra vestibuli was measured in

this study. The mean distance was 2.35±0.69 mm

(1.2-4 mm). This value shows that the distance between

the hindmost portion of proc. cochleariformis and the

anterior side of the fenestra vestibuli must be taken into

account for not to harm patient�s hearing during the

dissections in this area. Furthermore it can be leading, if

 proc. cochleariformis is searched 2.35 mm superiorly

from the anterior side of the fenestra vestibuli during the

decompression and other kind of surgeries.

The distance between the uppermost point of lateral

semicircular canal and tegmen tympani. The most

important landmark to find the facial nerve in the mastoid

portion is lateral semicircular canal. This structure is an

important landmark during the routine mastoid surgery

and also varying facial dissections. The second genu of

the facial nerve surrounds the inferior part of the lateral

semicircular canal. Nevertheless, sometimes it can be hard

to recognize the lateral semicircular canal because of

cholesteatoma, granulation tissue and tumor. Especially

one of them; cholesteatoma tends to be situated on the

superior part of the lateral semicircular canal (4, 23).

Facial canal is very close to the ampulla of the lateral

semicircular canal, the lateral wall of the vestibule and

anterior side of the fenestra vestibuli. This distance is

usually less than 1 mm (8). The bulging of the ampulla

of the lateral semicircular canal and superior semicircular

canal blocks the dissection during perigeniculate area

decompression (4). This area is also very important in the

classic mastoid surgery. Dura injuries may occur during

the dissection of the dura face of lateral semicircular canal.

Knowing the distance between the uppermost point of

lateral semicircular canal and middle fossa dura can prevent

lateral semicircular canal damage, cerebrospinal fluid

fistula and neural tissue herniation. There is no study in

the literature about the distance between the uppermost

point of lateral semicircular canal and tegmen tympani.

The shortest distance between the uppermost point of

lateral semicircular canal and tegmen tympani was

measured in this study. This distance was 4.86±1.56 mm

(1.25-10.50 mm) on average. Considering the mean value

in these data, there is comfortable dissection area between

lateral semicircular canal and middle fossa but, it must be

taken enough care during the dissection regarding the

minimal value of 1.25 mm value also.

The diameter of the tympanic portion of the facial

canal. Dimopoulos et al. (5) measured the diameter of the

tympanic portion of the facial canal with high resolution

computed tomography (HRCT) at the following locations:

a) Just behind the geniculate ganglion; b) anterior side of

the fenestra vestibuli; c) posterior side of the fenestra

vestibuli, and found the values 1.86±0.28 mm

(1.40-2.45 mm), 1.30±0.22 mm (0.70-1.81 mm) and

1.56±0.24 mm (1.08-2.16 mm), respectively. Nakashima

et al. (14) measured the the diameter of tympanic portion

of the facial nerve with HRCT at the following locations:

a) Just behind the geniculat ganglion; b) in the middle of
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the tympanic portion; c) the shortest level to the second

genu and found the values 1.73 mm, 0.92 mm and 1.24

mm, respectively.

In this study the measurements were made just behind

the geniculat ganglion, anterior part of the fenestra

vestibuli, posterior part of the fenestra vestibuli and the

mean values were 1.04±0.20 mm (0.80-1.50 mm),

1.00±0.19 mm (0.70-1.30 mm) and 1.02±0.23 mm

(0.50-1.80mm), respectively.

The diameter of the mastoid portion of the facial canal.

Dimopoulos et al. (5) also measured the diameter of the

mastoid portion of the facial canal with High Resolution

Computed Tomography (HRCT) at the following locations:

The inferior side of second genu, the level where the

stapes muscle is attached and the superior side of foramen

stylomastoideum. They found those values to be 1.81±0.30

mm (1.29-2.84 mm), 1.90±0.28 mm (1.10-2.84 mm) and

3.26±0.62 mm (1.93-4.90 mm), respectively. Nakashima

et al. (14) also measured the diameter of the mastoid

portion of the facial nerve with HRCT at the superior and

inferior side of eminentia pyramidalis and found those

values to be 2.83 mm and 2.43 mm respectively. In this

study the measurements were made at the following

locations: the superior side of eminentia pyramidalis, the

inferior side of eminentia pyramidalis and digastric ridge

and the values were 1.15±0.21 mm (0.70-1.90 mm),

1.40±0.29 mm (1-2.20 mm), 1.29±0.29 mm

(0.75-2.13 mm) on average, respectively.

New for this study, distances between proc. cochleariformis

� tegmen tympani, proc. cochleariformis � fenestra

vestibuli, lateral semicircular canal�tegmen tympani, with

other measurement distances offer additional important

knowledge to the physicians interested in mastoid and

middle ear anatomy. On regard to the mastoid and middle

ear surgeries, it was noticed that facial nerve was the most

prone structure to be injured and this situation is very

important for the surgeons where an injury of the facial

nerve causes additional responsibilities. In this paper, we

concluded that the ranges are wide, and the standart

deviations are high in the surgical distances of temporal

bone. Surgeons should customize the dissection strategy

for each temporal bone.
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