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Introduction
Considering the evolution of the endoscopic mid-

dle ear surgery over the last four decades through

hundreds of published researches, tens of books

and many courses and conferences, the concept

has passed from a diagnostic tool to a secondary

complimentary tool or step to a complete surgical

approach.1-6 However, until today the principle of

incorporating endoscopes in the middle ear sur-

gery was focusing mainly on the “approach” and

most of efforts were to change the traditional mi-

croscopic surgery or combined microscopic and

endoscopic surgery for disease eradication and /

or hearing restoration into pure endoscopic ap-

proached surgery. Although, it is become well

known, for over four hundred years since Barthol-

omeo Eustachi in 1576 has corrected the descrip-

tion of the Eustachian tube, that many of the mid-

dle ear diseases are result of ventilation problem

and a lot of work have been done to describe

treatment for the Eustachian tube dysfunction, the

idea of developing a distinctive type of functional

endoscopic middle ear surgery to treat the middle

ear ventilation problems is not well established

yet.7-9 The main principal of the functional endo-

scopic sinus surgery (FESS) is restoration of the
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Abstract
Objectives:

1- Describe the anatomical bases related to the concept of the functional

endoscopic tympanic surgery (FETS) based on the fact that restoring ad-

equate tympanic cavity ventilation is one of the main key factors to

achieve this concept and restore normal middle ear functions.

2- Review and explain the possible theory and concept of the FETS in rela-

tion to these bases.

Methods: Fifty-five temporal bones were dissected,  and the ventilation

pathways were studied utilizing otoendoscopes of different angles and an

operating microscope. In addition, the anatomy and relations of these path-

ways were studied in 200 temporal bones computed tomography scans

(CT).

Results: The ventilation pathways of the tympanic cavity (with all of its sub-

divisions) and the mastoid air cells were variable and unique for each tem-

poral bone. Basically, the ventilation patterns could be classified either di-

rectly from the eustachian tube or indirectly through communicating with

other spaces via mucosal, ligamental and/or bony apertures or isthmi. Mes-

otympanum, protympanum, hypotympanum and anterior epitympanum type

C were the only spaces directly ventilated, while retrotympanum with all of

its recesses, anterior epitympanum types A and B, Prussak’s space, von

Troeltsch pouches, compartments of posterior epitympanum (medial and

lateral superior and medial incudal spaces), antrum and mastoid air cells

were indirectly ventilated. It was possible to approach most of the pathways

endoscopically via transcanal or combined transcanal and transmastoid ap-

proaches.

Conclusions: Theoretically, ventilation pathways could be endoscopically

approached and therefore restored in certain cases. CT scans are a possi-

ble tool to study them.
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normal sinus mucociliary clearance, drainage and

ventilation functions through endoscopic removal

of any even relatively minor anatomical or inflam-

matory pathological obstructive changes of the

drainage pathways in the osteomeatal complex.10

Comparing to this principal, the principal of the

functional middle ear (tympanic) surgery (FTS) or

the functional endoscopic tympanic surgery

(FETS), should be the same.

The aim of the current study was to describe the

anatomical bases related to the concept of the

functional endoscopic tympanic surgery (FETS)

by reviewing the anatomy of the ventilation path-

ways and studying it in human temporal bones

specimens. In addition, was to review and explain

the possible theory and concept of the FETS in

relation to these anatomical bases.

The proposed and most accepted theory for the

tympanic cavity and mastoid ear cells ventilation

tracks is by following the passage of the endothe-

lial pouches of the primitive eustachian tube (sac-

ci) to develop the middle ear air cell system.11

These pouches develop between the third and

seventh fetal month when the gelatinous tissue of

the middle-ear cleft is gradually absorbed and the

primitive tympanic cavity develops by a growth,

into the cleft, of an endothelial lined fluid pouch

extending from the Eustachian tube (ET) and then

four primary sacs or pouches bud out of it, they

are saccus anticus, saccus medius, saccus super-

ior and saccus posticus (Figure 1).12,13 Saccus

medius, leaves the mesotympanum via the anteri-

or tympanic isthmus (ITa) to extend posterior and

forms the attic, and goes into the pars petrosal

portion of the mastoid. Saccus superior, ascends

over the styloid complex [pyramidal eminence

(Pe), styloid eminence (Se), and chordal emi-

nence (CE)] and through the posterior tympanic

isthmus (ITp) to form the antrum and squamosal

portion of the mastoid together with the facial re-

cess (FR) by descending behind the chordal ridge

(CR) and droping downward on the lateral aspect

of the facial canal (mFC). Saccus posticus, forms

the hypotympanum, round window niche (RW), si-

nus tympani (ST), and inferior half of oval window

niche (OW). Saccus anticus form the supratubal

recess (STR). Prussak’s space (Ps) develops

from the medial saccule of the saccus medius.

Where these endothelial sacs meet each other,

the mucosal folds of the middle ear spaces are

formed to make a complex system of individually

ventilated spaces and tracks (Figure 2).12,14,15

Anatomy of the Ventilation Pathways:

The attic or epitympanum is almost completely

separated from the mesotympanum by the ossi-

cles and their folds except for two small but con-

stant openings which it is proposed to call the

isthmus tympani anticus (ITa) and the isthmus

tympani posticus (ITp). The anterior opening lies

posterior to the tensor tympani tendon (TTT) and

anterior to the stapes (S) and long crus of the in-

cus (ILP). The posterior opening is bounded pos-

teriorly by the pyramidal process (Pe) and posteri-

or tympanic wall, laterally by the short process of

the incus (ISP) and posterior incudal ligament

(PIL) and anteriorly by the medial incudal fold

(MIF) which extends from the short (ISP) to the

long process (ILP) of the incus. Its medial boun-

dary is the stapes (S) and the stapedial tendon

(*). The tensor fold (TF) is formed where the sac-

cus anticus meets the anterior saccule of the sac-

cus medius, while the cog (or the transverse

crest) (C) is formed where the anterior saccule of

the saccus medius meets the remaining saccus

medius and forming the anterior epitympanic

space (AE) in one of its three variable types (A,B

and C).16 The attic usually extends forward

through the incisura tensoris (In) and anterior to

the tensor tendon (TTT) as the anterior malleolar

space (AMS) or anterior compartment of the attic.

This space lies above the tensor fold (TF) which

extends laterally from the semicanal for the tensor

tympani muscle (TTC) to the anterior malleolar lig-

ament (AML). The attic, however, may extend an-

teriorly only to the level of the tensor tendon (TTT)
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where it is limited by a medial extension of the su-

perior malleolar fold (SMF) instead of by the ten-

sor fold (TF) which in such an instance does not

form. The space anteriorly would be in communi-

cation with the mesotympanum and eustachian

tube. This space, when present, is called the su-

pratubal space (STR). Posterior to the transverse-

ly-placed superior malleolar fold (SMF) lies the

larger posterior compartment of the attic (PE).

That portion of this compartment lateral to the su-

perior incudal fold (SIF) may be considered as the

superior incudal space (SIS) and that portion me-

dial to the superior incudal fold as the medial in-

cudal space (MIS). Laterally the floor of the super-

ior incudal space is formed by the lateral

malleolar fold (LMF) and by the lateral incudal

fold(LIF) which extends posteriorly to the posterior

incudal ligament (PIL). Medially the posterior com-

partment of the attic (PE) is separated from the

mesotympanum by the dihedral-shaped medial in-

cudal fold (MIF) which extends from both crura of

the incus (ISP, ILP) to the pyramidal eminence

(Pe) and stapes (S).15,17,18

The space lies between the notch of Rivinus

(NR), the anterior and posterior tympanic spines

(A and PTyS) and the short process of the malle-

us (MSP).11 The medial and inferior aspects of

Prussak’s space (Ps) are formed, respectively, by

the neck (MN) and the short process of the malle-

us (MSP).11,12,16 It is limited above by the lateral

malleolar fold (LMF) which arises from the junc-

tion of the malleus head (MHe) and neck (MN)

and radiates out to insert on the entire bony rim of

the notch of Rivinus (NR) and medial wall of the

scutum (Sc), thus forming a firm roof for Prus-

sak’s space (Ps) and the floor of the lateral malle-

olar space (LMS).11,12 The space is limited ante-

riorly, and to some degree inferiorly, by the

terminal flaring out of the annulus fibrosus (AF),

the dense fibrocartilaginous ring to which the radi-

al fibers of the drum attach, as it leaves the anteri-

or tympanic spine (ATyS). As anteriorly when the

annulus (AF) leaves the sulcus tympanicus (STy)

it attach in part to the anterior tympanic spine

(ATyS) then continues on as the stria membrana

tympani anticus (SMTyA) to the short process

(MSP), to radiate out to help form the floor of

Prussak’s space (Ps), to interdigitate with fibres of

the lateral malleolar fold (LMF), and to attach to

the bony rim of the notch of Rivinus (NR).11

Some authors describe the anterior aspect of the

Prussak area (Ps) as being bounded by a very

thin membranous fold among the tympanic mem-

brane (TM) and the anterior malleolar ligament

fold (AMF), which is inserted laterally onto the

tympanic membrane (TM) and medially onto the

neck of the malleus (MN) and the long process

(MLP). Posteriorly, on leaving the posterior tym-

panic spine (PTyS), fibers of the annulus (AF) end

at the malleus neck (MN), forming the posterior

floor of the Prussak area (Ps).16,19,20 As posteri-

orly when the annulus (AF) leaves the sulucs tym-

panicus (STy) its outer fibres insert on the posteri-

or tympanic spine (PTyS) or extend in the stria

membrana tympani posticus (SMTyP) to the short

process of the malleus (MSP) while its inner fibres

insert on the medially-placed pretympanic spine

(PreTyS) or radiate out, forming the supporting

structure for the posterior malleolar fold (PMF)

and attaching on the postero-medial aspect of the

upper third of the malleus handle (MH).11 Be-

tween the posterior malleolar fold (PMF) and the

tympanic membrane (TM) lies the posterior pouch

of von Troeltsch (vTP) which represents the Prus-

sak’s space (Ps) posterior wall.12,19 The lateral

aspect is represented by the pars flaccid (PF) of

the tympanic membrane (TM).19

Beneath the floor of the attic (AT) and in the

upper mesotympanum there are three compart-

ments: the inferior incudal space (IIS) and the an-

terior (vTA) and posterior (vTP) pouches of von

Troeltsch. The inferior incudal space (IIS) extends

from the inferior surface of the incus (I) laterally to

the posterior malleolar fold (PMF). It is limited me-

dially by the medial incudal fold (MIF) and anteri-

orly by the interossicular fold (IF) which lies be-
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tween the long crus of the incus (ILP) and the

upper two thirds of the malleus handle (MH). Be-

tween the posterior malleolar fold (PMF) and both

the pars tensa (PT) and pars flaccid (PF) of the

tympanic membrane (TM) lies the posterior pouch

of von Troeltsch (vTP). The chorda tympani nerve

(CTN) lies in the free margin of the posterior mal-

leolar fold (PMF), although it may cross the poste-

rior tympanum independent of this fold. The shal-

low anterior pouch of von Troeltsch (vTA) lies

between that portion of the drumhead (TM) anteri-

or to the malleus handle (MH) and the anterior

malleolar fold (AMF) which is draped on the ante-

rior malleolar ligament (AML).11,12,21,22

The posterior pouch of von Troeltsch (vTP) is the

main route of ventilation of Prussak’s space (Ps)

and as this pouch opens at the most cranial por-

tion of the mesotympanum, so in most subjects,

ventilation of Prussak’s space (Ps) occurs through

the communication with the mesotympanum.  Lat-

erally and posterior in the attic (AT) the floor of

the superior incudal space (SIS) is formed by the

lateral malleolar fold (LMF) and by the lateral in-

cudal fold (LIF) which extends posteriorly to the

posterior incudal ligament (PIL). The entrance into

Prussak’s space (Ps) is usually located between

the lateral malleolar fold (LMF) and the lateral in-

cudal fold (LIF).11,12,19

Between the malleus handle (MH) and the pars

tensa (PT) and superior to the umbo (U) lies the

shallow manubrial fold (MaF). Five folds may be

recognized as stapedial folds, the obturatoria

stapedis (ObS) between the crura (SC), the ante-

rior stapedial fold (ASF) between promontory and

anterior crus(aSC), the posterior stapedial fold

(PSF) between promontory and posterior crus

(pSC), the plica stapedis (Sp) between pyramidal

eminence (Pe) and the posterior crus (pSC) and

the superior stapedial folds (SSF) which extend

from the long crus of the incus (ILP) to either crus

of the stapes (aSC, pSC) or from the facial canal

to the crura (aSC, pSC).11,12

Material and Methods
The gross anatomy and anatomical variations of

the tympanic cavity with all its subdivisions and

the mastoid air cells system were studied in 55

Fresh frozen temporal bones (TBs) following all

the proposed pathways for ventilation. To the best

of our knowledge, all bones came from adult ca-

davers. There were 31 right temporal bones and

24 left. All bones were dissected by the same ap-

proach and all were studied utilizing an operating

microscope and otoendoscopes with 0o, 30o and

70o angles and 2.7 and 3 mm diameters. In addi-

tion, the pathways anatomy and relations were

studied in two hundred temporal bones CT scans

(= 400 sides). These scans were randomly cho-

sen regard less they were of normal individuals or

showing any type of temporal bone pathology, but

all were for adults.

Results
- The ventilation pathways of the tympanic cavity

(with all of its subdivisions) and the mastoid air

cells were variable and unique for each tempo-

ral bone.

- The ventilation patterns could be classified ei-

ther (Figures 3 -10):

1- Direct ventilation routes from the eustachian

tube: where it could be approached directly

via the trans-tympanic endoscopic approach

(through myringotomy or by elevation of the

tympanomeatal flap) without the need to alter

or remove any structure other than the muco-

sal folds, meatal wall bony buttresses and / or

annular sulcus tympanicus. These included

mesotympanum, protympanum, hypotympa-

num, anterior epitympanum type C and the

inferior structures and spaces of the retrotym-

panum, including the sinus tympani, the infe-

rior part of the oval window and the round

window.

2-  Indirect ventilation routes through communi-

cating with other spaces via mucosal, liga-

mental and/or bony apertures or one of the

tympanic or epitympanic isthmi: where it
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could be approached indirectly only via the

trans-tympanic endoscopic approach

(through elevation of the tympanomeatal flap)

after complete or partial removal of any of the

ossicles, mucosal folds, ligaments, muscle

tendons, chorda tympani nerve, parts of the

tympanic membrane or annulus, meatal wall

bony buttresses and / or annular sulcus tym-

panicus. Or, it needed trans-mastoid or com-

bined trans-canal and trans-mastoid ap-

proaches to approach them. These included

anterior epitympanum types A and B, Prus-

sak’s space, von Troeltsch pouches, com-

partments of posterior epitympanum (medial

and lateral superior and medial incudal spac-

es), antrum and mastoid air cells and the su-

perior structures and spaces of the retrotym-

panum, including the facial recess (full depth)

and the superior part of the oval window.
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Discussion
The current cadaveric anatomical study has

shown that the ventilation pathways could be en-

doscopically approached either directly or indirect-

ly and that CT scans are a possible tool to study

them. Although many studies has reviewed ap-

proaching different tympanic areas,19 the idea of

investigating, tracking and scanning the tympanic

ventilation pathways was not discussed in litera-

ture before and no published work proposed the

concept of the functional tympanic endoscopic

surgery.

The current study results have demonstrated that

theoretically the concept of the FTS and FETS

can be applied to the tympanic cavity ventilation

pathways to restore them in certain cases. How-

ever, this should be studied in detail first in real

life cases. In addition, some issues should be ad-

dressed in the following studies, like the differ-

ence in the ventilation pathways between adults

and pediatrics and the difference between ventila-

tion disorders due to distal Eustachian tube ob-

struction or dysfunction and proximal Eustachian

tube or tympanic obstruction. Another issue which

should be addressed is the role of mucosal folds

in ventilation, because either traditional or endo-

scopic approaches destroy them significantly.

However, the most important issue that should be

addressed and proved with the advance in re-

search for the concept of the FTS would be

“whether the current undisputed ventilation theory

is accurate or not”. Another issue that was high-

lighted by the results of the current study is the

true value and accuracy of the currently used

methods of ventilation, starting from simple myrin-

gotomy, passing by all kinds of ventilation, drain-

age and pressure equalizing tubes and ending by

the role of different types of mastoidectomies + / -

meatoplasties in ventilation.

Conclusions
Theoretically, based on the ventilation pathways

hypothesis, these pathways anatomical locations

and distribution could be endoscopically ap-

proached and therefore restored in certain cases.

CT scans are a possible tool to study their anato-

my.
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