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Endoscopic Anatomy of the External
Auditory Canal

It is important to inspect the anatomy of the external auditory
canal (EAC), the tympanic membrane (TM), and the struc-
tures visible through the translucent TM. Understanding the
anatomy of temporal bone from the CT scan sections prior to
the surgery is of paramount importance. An axis drawn
through the ear canal will be directing you to the attic. On
removal of the scutum seen in between will give us a wide
and open access to the attic, which forms the natural cul de
sac of the external auditory canal (Fig. 47.1).

The blood vessels of the TM originate from the
EAC. They supply in a lateral to medial direction. The skin
of EAC and the epithelial layer of the TM form the bleed-
ing elements of the external ear (Fig. 47.2). The friable skin
and epithelium of the TM can be seen distinctly in the
Fig. 47.3.

Enlargement of the Ear Canal

The axis of the external auditory canal is directed superiorly
and the scutum forms the medial end of the ear canal. It is
also common to find bony over hangings in the EAC. The
location and extent of it should be well noted (Figs. 47.1 and
47.4). Anterior or even an inferior overhang are commonly
seen in many anatomical specimens. These can be curated
out in all directions to achieve a panoramic view of the annu-
lus using the 0° endoscope, keeping in mind the fact that the
bony annulus is very variable in relation to the adjacent criti-
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Fig.47.1 Right ear: Coronal CT section through the external auditory
canal (EAC) and middle ear. Note that the axis of the EAC slopes
upward. The scutum represents the real “bottom of the EAC” rather
than the mesotympanum. If the scutum is removed, this would allow
direct access to the attic, the area frequently involved in cholesteatoma
growth
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Fig.47.2 Endoscopic view of the tympanic membrane (TM) in a right
ear with cholesteatoma showing through. Note the blood vessels arising
from the EAC and supplying the TM

cal structures. Always consider the possibility of a high jugu-
lar bulb, anterior sigmoid sinus, a low lying dura, and the
facial nerve (Figs. 47.5 and 47.6).
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Fig.47.3 Left ear: The skin of the canal has been removed along with
the epithelial layer of the TM. The EAC has been enlarged. Note the
boundaries of the fibrous annulus (white spots); Chorda tympani (Ct);
posterior mallear ligament (Pml)

Fig. 47.4 Left ear: Endoscopic view of an anatomic specimen with a
small perforation. Note the size and location of the considerable ante-
rior bony overhang in the external auditory canal

Fig. 47.5 Right ear: The canal wall is curetted to obtain a panoramic
view of the tympanic ring using the 0° endoscope. Vascular strip (VS);
fibrous layer of tympanic membrane (FLTM); cholesteatoma (CH)

Fibrous annulus—The glistening white fibrous annulus is
anchored in a bony groove. It is incomplete in the upper pos-
terior part of tympanic membrane. The fibrous annulus will
be visible inferiorly and is incomplete at its upper end
(Figs. 47.2 and 47.3). The annulus serves as a good landmark
for the incision for the vascular strip.
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Fig. 47.6 Schematic anatomical representation of the left EAC with
surrounding structures that need to be considered when enlarging the
ear canal

Endoscopic Anatomy of the Middle Ear

After detaching the fibrous layer of the TM from the upper
part of malleus handle and mobilizing from the bony sulcus,
it is deflected inferiorly (Fig. 47.7). Separate the TM from
the malleus handle starting from the lateral short process of
the malleus and extending toward the umbo. The posterior
malleolar ligament can be seen overlying the chorda tympani
(Fig. 47.8).

Endoscopic Anatomy of the Retro Tympanum

On removing the bony annulus posteriorly gives a full access
to the facial recess and sinus tympani. The posterior canal
wall needs to be almost flushed with the pyramidal emi-
nence. The pyramidal eminence accurately marks the level
of the vertical segment of the facial nerve. It is safer to curette
the bone superficial to that level. The facial recess present as
a small depression on the posterior border of tympanic cavity
(Fig. 47.9).

Figures 47.10 and 47.11 shows the retro tympanic anat-
omy. To see the retro tympanic anatomy clearly, the poste-
rior aspect should face away from you and the axis of the
scope’s direction of viewpoints away from you. The pres-
ence of a sub pyramidal space and its entry point is to be
noted.

The schematic diagram shows the drawing of the sub
pyramidal space (sps) (Fig. 47.12) and the variable morphol-
ogy of the pyramidal eminence (Fig. 47.13) and description.

The == refers to the communication of sps; facial nerve
(fn); stapes (s); ponticulus (p); promontory (pr); round win-
dow (rw); subiculum (su).

The anatomy of the sinus tympani and ponticulus prom-
ontorii also varies with each individual. The variable mor-
phology of the sinus tympani and ponticulus promontorii is
described with the different types (Figs. 47.14, 47.15, 47.16,
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Fig. 47.7 Right ear: Fibrous layer of the TM is pulled down off the
malleus handle revealing the posterior mallear ligament (Pml) and the
chorda tympani (Ct)

Fig. 47.8 Left ear: The fibrous layer of the TM along with the fibrous
annulus has been removed and separated from the malleus handle. The
tendon of the tensor tympani (TT)

Fig. 47.9 Left ear. Endoscopic view through a transcanal endoscopic
access after minor removal of bone; the facial recess (FR) is very shal-
low and more of a flat depression, superficial to the pyramidal emi-
nence (PE), and the vertical segment of facial nerve (FN). Also note the
horizontal segment of the facial nerve

Fig. 47.10 Left ear: Endoscopic view of the retrotympanum.
Incudostapedial joint (IS); pyramidal eminence (PE); ponticulus (PO);
sinus tympani (ST); subiculum (SU); round window (RW)

Fig. 47.11 Left ear. The entry points of the subpyramidal space (==
) of this specimen are a specific feature of ‘type A’, connecting both the
sinus tympani (ST) and posterior tympanic sinus (PTS). Pyramidal
eminence (PE)

and 47.17). The tegmen of the round window niche and ante-
rior and posterior pillars are to be identified on identification
of the round window niche (Fig. 47.18).

Endoscopic Anatomy of the Hypotympanum

In order to view the hypotympanum, a 30° endoscope is pre-
ferred with the removal of any inferior bony overhang and
enlarging the access to the inferior and the posterior-inferior
part of the retro tympanum. The subiculum separates inferior
from superior retro tympanum. The subiculum also shows
different variations in each specimen (Figs. 47.19, 47.20, and
47.21).
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Fig. 47.12 Schematic drawing of subpyramidal space (sps) of a right
ear. Facial nerve (fn); pyramidal eminence (pe); stapes tendon (st);
ponticulus (p); posterior sinus tympani (pts); stapes (s); sinus tympani
(st); promontory (pr); round window (rw); subiculum (su); sinus sub-
tympanicus (ss)

Finiculus is a ridge of bone from the anterior and inferior
slip of the round window separating the inferior retro tympa-
num from hypotympanum (Fig. 47.22). The styloid emi-
nence, jugular bulb including the curvature of the basal turn
of cochlea can be seen in a well pneumatised infracochlear
space.

Endoscopic Anatomy of the Epitympanum

After a careful limited atticotomy meticulously, preserving
the lateral incudo malleolar ligament and the lateral malleo-
lar ligament on the medial aspect of the scutum. These are
two friable ligaments along with the neck of malleus forms
the roof and medial aspect of the Prussak’s space Fig. 47.23).

These suspensory ligaments separates the area between
scutum and ossicles by forming the lateral part of the epi-
tympanic diaphragm. These ligaments act as the gateway for
the spread of attic cholesteatoma (Fig. 47.24).

On extending the atticotomy, the anterior epitympanic
space can be seen. The epitympanic space is separated from
the supratubal space by the Sheehy’s cog. The tensor fold is
seen spreading across the cog and the tensor tympani (TT)
(Figs. 47.25, 47.26, 47.27, 47.28, 47.29, and 47.30).

Fig.47.13 Variable morphology of the pyramidal eminence (pe) in a
right ear demonstrated by two types of perspectives: an anatomic view
(al, b1, cl) and a surgical endoscopic view (a2, b2, ¢2) through an
angled-view scope while looking in the posterior direction. a b ¢
Morphological variations of the pe, sinus tympani (st), and posterior

sinus tympani (pts) communicating through the subpyramidal space
(sps). Partial morphology of the pe. The subpyramidal space (sps) is
communicating with the sinus tympani. Partial morphology of the pe.
The subpyramidal space (sps) is communicating with the posterior
sinus tympani (pts)
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Fig. 47.14 The variable morphological appearance of the sinus tym-  (su); jugular bulb (jb); sinus subtympanicus (ss); sinus tympani (st);
pani. Facial nerve (fn); posterior sinus tympani (pts); pyramidal emi-  ridge separating the sinus tympani into two parts (*); superior part of
nence (pe); promontory (pr); stapes (s); round window (rw); subiculum  sinus tympani (sts); inferior part of sinus tympani (sti)
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Type A Type B Type C

Fig. 47.15 The various types of sinus tympani classified according to depth and extension in relation to the facial nerve. Cochlear promontory
(pr); facial nerve (fn); sinus tympani (st)

Fig.47.16 Schematic
drawing of a “Type C” sinus
tympani. The ==# indicates
the posterior extension of the
sinus tympani with respect to
the third portion of the facial
nerve (fn). Chordal ridge
(cr); chorda tympani nerve
(ctn); lateral tympanic sinus
(Its); facial sinus (fs); incus
(in); malleus (ma), ponticulus
(p); pyramidal eminence (pe);
cochlear promontory (pr);
posterior sinus tympani (pts);
stapedial tendon (st); stapes
(s); subiculum (su); round
window (rw)
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Fig 47.17 (a—c) The variable morphological appearance of the pon-
ticulus promontorii (p). Ridge ponticulus (Type A); incomplete pon-
ticulus (Type B), bridge ponticulus (Type C). Facial nerve (fn); incus

Fig. 47.18 Right ear. Endoscopic view of the round window niche.
Tegmen of the round window niche (TE); anterior pillar (AP); poste-
rior pillar (PP); round window membrane (=)

Endoscopic View down the Eustachian Tube

An angled endoscope is used to look further down into the
eustachian tube. The relationship between the carotid artery
and the bony canal for TT muscle (Fig. 47.29). The size and
depth of the supra tubal recess vary considerably. On rotat-
ing further superiorly and posteriorly, the TT fold can be
seen separating the supratubal recess from the anterior
attic. The position and shape of the TT fold are also highly
variable and are related to the size of the supra tubal recess
(Fig. 47.30). The TT fold is almost a horizontal structure
that closes the anterior attic and separates it from the eusta-

(in); ponticulus (p); pyramidal eminence (pe); posterior sinus tympani
(pts); cochlear promontory (pr); stapedial tendon (st); stapes (s);
subiculum (su); sinus subtympanicus (ss)

Inferior Retrotympanum  Superior Retrotympanum

Fig.47.19 Right ear. Schematic anatomical survey drawing of the ret-
rotympanum and hypotympanum. The finiculus (fi) appears as a
bony ridge which arises from the anterior and inferior lip of the round
window and separates the inferior retrotympanum from the hypotympa-
num. The subiculum (su) marks the boundary between the superior and
inferior retrotympanum. Right side. Facial nerve (fn); pyramidal emi-
nence (pe); oval window (ow); cochleariform process (cp), sinus tym-
pani (st); ponticulus (p); subiculum (su); posterior pillar (pp); tegmen
of round window niche (te); cochlear promontory (pr); Eustachian tube
(et); round window (rw); styloid eminence (sty); sinus subtympanicus
(ss); anterior pillar (ap); finiculus (fi); jugular bulb (jb)
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20 Right ear: Anatomical variations of the
subiculum. Ridge subiculum (Type A).
Key to abbreviations: Facial nerve (fn);
pyramidal eminence (pe); oval window (ow);
cochleariform process (cp); sinus tympani
(st); ponticulus (p); subiculum (su); cochlear

Fig.47.20 (a—c) Right ear: Anatomic variations of the subiculum. (4)
Ridge subiculum. (B) Bridge subiculum. (C) Absent subiculum, Key
to abbreviations: Facial nerve (fn); pyramidal eminence (pe); oval
window (ow); cochleariform process (¢p); sinus tympani (st); ponticu-
lus (p); subiculum (su); cochlear bridge subiculum (Type B). promon-

Fig.47.21 Left ear: Endoscopic panoramic view of the tympanic cav-
ity with special focus on the retrotympanum. Facial nerve (FN); subic-
ulum (SU); sinus subtympanicus (SS); styloid eminence (SE); round
window (RW); finiculus (FIN); carotid artery (CA); hypotympanic air
cell (HC)

Bridge subiculum (Type B).

promontory (pr); sinus subtympanicus (sst);
round window (rw); Eustachian tube (et);
styloid eminence (sty); ponticulus (p).

Absent subiculum (Type C), in which the sinus
subtympanicus is confluent with the sinus

tympani.

tory (pr); sinus subtympanicus (sst); round window (rw); Eustachian
tube (et); styloid eminence (sty); ponticulus (p). Absent subiculum
(Type C), in which the sinus subtympanicus is confluent with the sinus
tympani

chian tube when the supratubal recess is poorly developed.
It begins with the tendon of TT and inserts along a bony
ridge formed by the encasement of the TT muscle and
extends into the anterior epitympanic spine (Figs. 47.31,
47.32, and 47.33).

If the supratubal recess is well developed as in this speci-
men, the tensor tympani then holds two parts. The vertical
part attaches to the cog and forms the wall separating the
anterior attic from the supratubal recess. The horizontal seg-
ment attaches to the TT tendon and the most anterior part of
the bony ridge which is formed by the bony canal for the TT
muscle. The horizontal part of TT fold also contributes to the
floor of the supratubal recess if it is well developed
(Figs. 47.31, 47.32, 47.33, and 47.34).

The epitympanic ventilation is maintained through the
tympanic isthmus formed between the incudo stapedial joint
and the TT tendon. A complete TT fold and a closed lateral
attic space prevents the ventilation through the anterior attic
(Fig. 47.35).



47 The Endoscopic Anatomy of Temporal Bone

521

Type B

Fig. 47.22 Anatomical variations of the finiculus (fi). Right side.
Ridge finiculus (Type A); Bridge finiculus (Type B). Absent finiculus
(Type C). Key to abbreviations: facial nerve (fn); pyramidal eminence
(pe); oval window (ow); cochleariform process (cp); sinus tympani (st);

Fig.47.23 Left ear: Prussak’s space (PR); posterior mallear ligament
(PML)

The Incus is removed here to visualize the articular facet
with malleus and stapes (Figs. 47.36 and 47.37). The hori-
zontal segment of the facial nerve and the second genu, the
lateral semi-circular canal, and remnant of the superior incu-
dal ligament can be seen in the picture (Fig. 47.38).

The malleus is nipped above the neck at a superior level
to preserve the anterior mallear ligament and the TT tendon.
The TT tendon is seen attached to the handle and neck of the
malleus (Fig. 47.39) The head of malleus is removed by
preserving the suspensory ligaments and mobilizing the han-
dle anteriorly. We can now observe the TT tendon attaching

ponticulus (p); subiculum (su); round window (r w); cochlear promon-
tory (pr); Eustachian tube (et); styloid eminence (sty); sinus subtym-
panicus (sst); finiculus (fi); jugular bulb (jb); styloid eminence (sty);
ponticulus (p); hypotympanic air cell (hc)

Fig.47.24 Left ear: The relatively straight insertion line of the lateral
incudo-mallear ligament (LIML) and the downward sloping insertion
line of the lateral mallear ligament (LML)

to the neck of malleus, course of chorda tympani (CT) nerve,
anterior aperture of the bony canal into which the CT nerve
runs into. Note the topographical relationship of the CT
nerve to the AML, the anterior tympanic spine, and the
attachment of the anterior mallear ligament (Fig. 47.40).

Upon transecting the TT tendon and the malleus handle,
we can very well see the fibers of the horizontal segment of
the facial nerve, its first genu after arising from the IAC, rela-
tionship of geniculate ganglion (GG), relation of the second
genu, the lateral semi-circular canal, and the remnant of TT
fold.
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Fig. 47.25 Left ear: Anterior epitympanic space (AES); Sheehy’s cog
(COG), separating the supra tubal recess from the anterior epitympanic
space; tensor tympani folds (TF), partially visible and closing off the
attic from direct ventilation of the supratubal recess and the Eustachian
tube

Fig. 47.26 Left ear: Close-up view of the anterior epitympanic space
(AES)

Fig. 47.27 Left ear: The ossicles have been fully exposed within the
attic allowing to clearly visualize the incudo-mallear articulation line.
Incudo-mallear joint (IMJ]); anterior epitympanic space (AES);
Sheehy’s cog (COG) separating the supratubal recess from the anterior
epitympanic space; tensor tympani fold (TF), partially visible and pre-
venting the attic from direct ventilation via the supratubal recess and the
Eustachian tube

Fig. 47.28 Left ear: handle of malleus (HM); supratubal recess
(STS); anterior surface of Sheehy’s cog (COG) separating the attic
[from the supra-tubal recess; vertical segment of the tensor tympani fold
(TFV), which—given its entire integrity—closes off the attic from the
Eustachian tube; horizontal segment of the tensor tympani fold (TFH)
which partially contributes to the floor of the supratubal recess anteri-
orly; bony encasement of the tensor tympani muscles (TTM); bony
annulus (BA); carotid artery (CA)
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Fig.47.29 Left ear: Endoscopic view down the Eustachian tube (ET).

Bony encasement of the tensor tympani muscle (TTM);bony annulus
(BA); carotid artery (CA)

Fig. 47.30 Using a 45°-scope, it is occasionally possible to view the
opening of the Eustachian tube to the nasopharynx. Carotid artery
(CA); tensor tympani muscle (TTM)

Fig. 47.31 Histologic section through a dome-shaped supratubal
recess (V= ). The outermost plate (¥ ) of the petrosa; a spur (* )
projecting toward the mallear head, to which attaches a mucosal fold
that stems from the anterior mallear ligament; sheehy’s cog (u ); ten-
sor tympani folds (' ); geniculate ganglion (G); cochlea (C); lateral
semicircular canal (L)

Fig.47.32 Left ear: Endoscopic anatomy of the tensor tympani fold in
a specimen with a well-developed supratubal recess (STS). The tensor
tympani folds are composed of two segments, a vertical part (TFV) that
attaches to Sheehy’s cog (COG), and a horizontal part (TFH) that
partly contributes to the floor of the supratubal recess anteriorly; bony
encasement of the tensor tympani muscle (TTM)
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Fig. 47.33 Right ear: Unlike the anatomic specimen shown in
Fig. 47.31, this is a poorly developed supratubal recess in a surgical
case. View through a 70°-scope, upward and backward. The tensor tym-
pani fold (TF) here, different from the one shown in Fig. 47.31, is
almost a horizontal structure. Handle of malleus (HM); tensor tympani
muscle (TTM), anterior bony annulus (ABA)

Fig. 47.35 Left ear: tympanic isthmus (IM) forms the only passage-
way for attic ventilation in the presence of complete tensor folds. Tensor
tympani tendon (TT); incudo-stapedial joint (ISJ)

Fig. 47.34 Right ear: Endoscopic close-up view of the tensor tympani
fold (TF) shown in Fig. 47.32. Bony encasement of the tensor tympani
muscle (TTM); tensor tympani tendon (TTT) inserting on the neck of
the malleus. Funnel-shaped entrance to the Eustachian tube (—4> )

Fig. 47.36 Left car: Endoscopic view after removal of the incus.
Articular facet of the head of malleus (AS); horizontal segment of the
facial nerve (FN); lateral semicircular canal (LSC); Additus ad antrum
(AA); chorda tympani (CD); tensor tympani tendon (TT)
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Fig. 47.37 Left ear: Endoscopic view of the attic after removal of the
incus. Articular surface of the head of malleus (AS); remnant of the
superior ligament (SL) of the incus attaching to the tegmen tympani

Fig. 47.38 Left ear: Endoscopic view after transection of the tensor
tympani tendon and removal of the malleus handle, the anterior tym-
panic spine, anterior mallear ligament, and the chorda tympani.
Sheehy’s cog (COG); remnant of the tensor tympani fold (TM); inser-
tion point (— ) of the partially removed vertical segment of the tensor
tympani fold; insertion point ( ) of the completely removed horizon-
tal segment of the tensor tympani fold; supratubal recess (STR);
Eustachian tube (ET); cochleariform process (CP); first genu (1G) of
the facial nerve and neighbouring geniculate ganglion; lateral semicir-
cular canal (LC)

Fig.47.39 Left ear: The handle of malleus has been mobilized anteri-
orly to expose the tensor tympani fold which is released from its attach-
ments; the starting point of the white arrows indicate the original
position of the fold and the tips show the current point following later-
alization of the malleus handle. Tensor tympani tendon (TT); chorda
tympani (CT); tensor tympani fold (TF ) after dislocation from its origi-
nal position; anterior mallear ligament (AML)

Fig.47.40 Left ear: Endoscopic view of the horizontal segment of the
facial nerve demonstrating its topographical relationship to the lateral
semi-circular canal. First genu (1G); second genu (2G); lateral canal
(LC); cochleariform process (CP)
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