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    Preface  

          Otology and clinical achievements in dealing with middle ear diseases have 
historically relied on the valuable work of anatomists, beginning with the 
Renaissance and throughout the revolutionary era of temporal bone micro-
scopic dissections. During the last 20 years, thanks to the advanced work and 
research of otologists, new knowledge of middle ear anatomy had great 
impact on the understanding of middle ear functions, the management of 
pathologies, and applicable rehabilitation measures. 

 Most otolaryngology and otology textbooks have however continued to 
describe the anatomy and embryology of the middle ear with limited detail, 
thus inadequately serving the needs of learners. Candidates have long empha-
sized the need for a single, organized volume covering the latest develop-
ments in sufficient detail. 

 Our work is an integrated teaching tool and a source of reference to the 
available specialty literature. The authors’ purpose is to offer complete, up-
to-date coverage of the anatomy of the middle ear, so as to enable those 
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undergoing surgical training to find and understand both essential and 
advanced information, and orient clinical decisions and surgical approaches. 

 This book is organized into seven chapters covering the anatomical envi-
ronment of the middle ear, its walls, contents and compartments, the mastoid, 
the facial nerve, and the Eustachian tube. Subchapters and subdivisions 
sequentially report and illustrate the related embryology and anatomy, as well 
as the relevant clinical applications. Basic science is thus directly linked to 
surgical anatomy and clinical experience, based on the firm view that one 
must master anatomy in order to adequately perform otological surgery. 

 The anatomy of the middle ear is explained with numerous color pictures 
and helpful figures. The book correlates clinical situations to the anatomical 
basis of diseases and explains the pertinent embryology in order to highlight 
the buildup of normal anatomy and developmental anomalies. The inclusion 
of carefully selected CT scans will assist in the reading of normal anatomy 
and the identification of pathological findings. 

 This first edition is the result of close collaboration among very good 
friends who share a strong devotion to medical teaching. It is a tribute to my 
colleagues’ patience and their dedication to selecting the best materials in 
respect of each topic. I owe them my warmest and most sincere recognition, 
and many thanks. 

 Beirut, Lebanon Prof. Salah Mansour, MD,  FRCSC 
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         Writing a book is an adventure that can be compared to an expedition in the 
mountains. You have to gather together material and men, then, instead of 
hiking, write for a very long time. As the writing goes on, the completion of 
the book seems all the more distant, just as in climbing the summit seems 
always farther away. To succeed in such an undertaking, you need a guide, 
someone who controls the situation and shares his enthusiasm. Salah Mansour 
has been this unquestioned leader of the expedition. I am but the second in 
command, there to assure and reassure in case of difficulty. 

 We met fairly recently, during Salah’s visit to Marseille in 1999. His ele-
gance, his culture, and his teaching are captivating. He is surrounded by bril-
liant students of whom Hassan is one of the most faithful. 

 One of the main difficulties in mastering otology is not only its complexity 
but also the diversity of sources that have to be referred to, so as to learn about 
and understand this specialty thoroughly. Salah and I wasted too much time 
at the beginning of our career searching for good textbooks, the right infor-
mation. Hence, our desire is to overcome this obstacle and bring together in 
one sole reference book the necessary fundamentals to become an otologist. 

 Thus, this book on the anatomy of the ear, with its detailed descriptions, is 
completed and illustrated by embryology, pathology, and surgery from our 
own personal experience. The sole purpose of this book is to fix the boundar-
ies within which the rules of our surgical specialty should evolve. It is up to 
each practitioner to express himself/herself within these boundaries. 

 Salah Mansour asked me to participate first in editing the chapter on the 
external auditory canal, then for the entire book. I thank him for this expres-
sion of his trust and friendship. 

 Marseille, France  Prof. Jacques Magnan, MD, PhD 
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         As an otology fellow in training, the junior author, frustrated with available 
anatomy texts, I was excited to contribute to this work. The encouragement, 
advises, and recommendations of Professor Mansour and Professor Magnan 
enabled me to enjoy every demanding step and learn a lot during the writing 
of a textbook that deals with middle ear embryology, anatomy, radiology, and 
their clinical relevance. I am convinced that this new book will serve as a 
sufficient, satisfactory, and complete source to help ambitious otology train-
ees to overcome many obstacles we faced earlier. 

 Today this book represents a dream come true. I am grateful for the work 
of all coauthors who made contributions to this work. 

 Finally, without the support of my wife, Fatme; my child, Hawraa; and my 
parents, I would never have succeeded. Although they often had to endure my 
absence, they seldom complained. I hope they will enjoy the effort being 
completed. 

 Marseille, France  Hassan Haidar Ahmad, MD, ABORL  
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         When Professor Mansour invited me to contribute to this book, I was enthu-
siastic about being associated to this ambitious project.

Nowadays Computed Tomography Scan of the Temporal Bone becomes 
an accurate and valuable investigation tool for clinical practice, preoperative 
evaluation, research and teaching in otology. 

 Having worked for many years in the fi eld of oto-radiology, the great 
opportunity of clinico-radiological confrontations that I experienced with 
Professor Mansour and colleagues made me better understand what an 
 otologist is expecting from a CT-Scan in daily practice and in a rich environ-
ment of teaching. I succeeded to retain a wide coverage of images enabling 
me to realize now the objectives of this new book. 

 CT-Scan offers a precise and excellent identifi cation of the normal ana-
tomic details of the middle ear as well as its pathological conditions, and I 
hope that this demonstration along the different chapters may encourage 
any otologist to integrate this diagnostic tool in their daily practice and 
to benefi t from a close correlation between radiological and clinical 
information. 

 All my engagements in this fi eld would not have been possible without the 
generous help of my beloved parents in law, Hanna and Emilie, along with 
the continuous encouragement and support of my husband and the whole 
family. I hope that one day my children will experience themselves the 
 passion of combining knowledge and curiosity to get deeper in the secrets of 
nature. 

 Beirut, Lebanon  Karen Nicolas, MD 
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         This book is the symbol of a bridge joining distinguished colleagues who 
shared teaching experience during many years. It results from a close col-
laboration between various disciplines for the benefit of trainees in the 
 specialty: clinical and basic sciences cooperate to give a comprehensive 
knowledge of middle ear anatomy in the temporal bone environment. Each 
structure of the middle ear has its embryological origin. The rules of temporal 
bone development are very complex but offer a very good understanding of 
its anatomy. They also permit useful exploration of the relationship with con-
genital malformations and their interpretation. 

 The symbol of the bridge corresponds to the necessary and fruitful dia-
logue between clinicians and fundamental scientists. 

 This bridge depicts finally the great friendship between the authors. 

 Brussels, Belgium  Prof. Stéphane Louryan, MD, PhD              
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  1

 Due to its multiple embryological origins and its 
adverse developmental aspects, the temporal 
bone is considered as one of the most complex 
anatomical structures of the human body. Since 
the middle ear lodges inside the temporal bone, 
this chapter will be mostly oriented, not to study 
the temporal bone as such, but to address it in a 
speci fi c and restricted scope aiming to describe 
precisely the developmental and anatomical envi-
ronment in which the middle ear achieves its  fi nal 
architecture. 

 The temporal bone houses various cranial 
nerves and inhabits different important vascular 
structures and many sensorineural organs in close 
contacts. Our target will be to demonstrate the 
richness of such critical structures along with their 
relationships around and inside the middle ear. 

    1.1   Embryology of the Temporal 
Bone 

 Temporal bone formation results from the fusion 
and growth of four bones: the squamous, the 
petrous, the tympanic bones, and the styloid 
bones. These bones interact to build up the  fi nal 
temporal bone. 

 Being a part of the skull, temporal bone 
 development is an integral part in the process of 
skull development. Human skull is developed 
from three components:
    1.     The cartilaginous neurocranium  or  chondro-

cranium  is the part of the skull formed by 
 endochondral ossi fi cation; it constitutes the 
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2 1 The Temporal Bone

majority of the skull base (ethmoid bone and 
portions of the occipital, temporal, and sphe-
noid bones). Endochondral ossi fi cation takes 
place in a cartilaginous anlage; chondroblasts 
become hypertrophied and progressively 
change into osteoblasts, which elaborate the 
bony matrix. The corresponding area is the 
“ossi fi cation center.”  

    2.     The membranous neurocranium or neuroskull  
is the part of the skull formed by intramem-
branous ossi fi cation; it constitutes the vault of 
the skull (frontal, parietal portions of the tem-
poral, occipital, and sphenoid bones). 
Intramembranous ossi fi cation happens when a 
cluster of mesenchymal cells in a membranous 
structure gives rise to osteoblasts, in the 
absence of any cartilaginous matrix.  

    3.     The viscerocranium or visceroskull  is the part 
of skull derived from the branchial arches and 
is suspended to the rest of the cranium  [  1  ] . It 
includes the facial bones.     
 These three components of the skull contri-

bute actively in the formation of the temporal 
bone in the following way: 

 The deep part of the petrous bone is derived 
from the cartilaginous neurocranium, but the 
more super fi cial parts are derived from the mem-
branous neurocranium. The squamous bone is 
derived from the membranous neurocranium, 
and the tympanic bone is a part of the visceral 
skull  [  2  ] . 

    1.1.1   Cartilaginous Neurocranium 

 The majority of the skull base develops from the 
cartilaginous neurocranium. The formation of the 
human skull base is a complex process that begins 
during the fourth week of fetal development. 
Neural crest cells and paraxial mesoderm derived 
from occipital somites migrate to sit between the 
emerging brain and foregut. These cells migrate 
around and in front of the notochord to form con-
densations accumulating within the emerging 
cranial base. The chondrocranium begins to form 
when these cells condense into cartilage early in 
the seventh week; these cells are named para-
chordal cartilages and contribute to the creation 
of the basal plate. 

 These parachordal cartilages give rise to the 
body, greater and lesser wings of the sphenoid 
bones as well as the perpendicular plate of the 
ethmoid and the  crista galli . These embryonic 
cartilages fuse around the existing cranial nerves 
and blood vessels to create the primordia of neu-
ral foramina  [  3  ] . 

    1.1.1.1   The Cartilaginous Otic Capsule 
 Between the eighth and ninth week of gestation, 
the cartilaginous otic capsule appears as budge in 
the base of the cartilaginous cranium. It  develops 
from the mesenchymal tissue that surrounds 
the otic vesicle. Later the otic capsule becomes 
 surrounded by membranous layers (internal 
and external periosteal layers); these layers will 
become the extracapsular part of the petrous 
bone  [  3  ]  (Fig.  1.1 ).  

 Shortly after this process, the lateral and superior 
boundaries of the otic capsule begin to appear with 
the earliest development of the mastoid process and 
tegmen tympani  [  4  ] . A cartilaginous  fl ange grows 
from the lateral and superior part of the otic capsule 
and goes downwards and outwards superior to the 
tubotympanic recess and above the Meckel’s carti-
lage to form the tegmen tympani and the lateral wall 
of the eustachian tube (ET) (Fig.  1.2 ) (see Sect. 
  2.4.1    ). Thus, the tympanic cavity and the bony part 
of the ET originate from the petrous bone. 
Furthermore, from the lateral and inferior part of the 
cartilaginous otic capsule, another  fl ange grows 
below the tubotympanic recess to form the jugular 
plate and the  fl oor of the tympanic cavity. 
Anteromedially, another periosteal layer grows to 
form the petrous apex (Fig.  1.2 ).  

 By the 16th week, the labyrinth reaches its 
adult size. Only at this time, the  fi rst part of the 
petrous bone starts to ossify by the endochondral 
ossi fi cation process. There are 14 different 
ossi fi cation centers in the otic capsule, which 
progressively fuse during the fetal period  [  4  ] . 

 The ossi fi cation proceeds and continues in the 
remaining part of the petrous bone to gain its  fi nal 
aspect by about midterm. By the 23rd week of 
gestation, the rest of the ossi fi cation process of 
the extracapsular parts of the temporal bone con-
tinues by extension of the surrounding periosteum 
forming the mastoid process, the tegmen tympani, 
middle ear  fl oor, and the walls of the Eustachian 
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tube (Figs.  1.2  and  1.3 ). The  fl oor of the middle 
ear ossi fi es between the 24th and 29th week from 
an extension of the jugular plate ossi fi cation cen-
ter  [  5  ] . Ossi fi cation of the otic capsule is 
completed only shortly before birth  [  5  ] .  

 A delay or a focal lack of the ossi fi cation pro-
cess may explain the dehiscence of the superior 
semicircular canal  [  6,   7  ] .   

  Fig. 1.1    The left temporal 
bone in a 6 months human 
fetus. The mastoid area 
contains external periosteal 
layer bone ( arrow ), will 
transform into mastoid bone. 
Notice that the mastoid 
antrum ( A ) and the cochlea 
are already developed.  M  
malleus,  I  incus,  EAC  
external auditory canal       
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  Fig. 1.2    Schematic drawing, frontal plane (34-week-old 
fetus). Schema showing the cartilaginous  fl anges running out 
from the otic capsule: ( 1 ) lateral and superior  fl ange or the teg-
mental plate growing from the otic capsule superior to the 
tubotympanic recess ( TR ) to form part of the tegmen tympani 
and the walls of the Eustachian tube; ( 2 ) lateral and inferior 
cartilage  fl ange, growing from the otic capsule to form the 
jugular plate and the  fl oor of the tympanic cavity; ( 3 ) antero-
medial  fl ange growing from the otic capsule anteromedially to 
form the petrous apex. The inferior wall of the middle ear is 
built up by the inferior plate of the petrous bone ( 2 ) which runs 
laterally to join the tympanic bone ( T ); the plane of fusion con-
stitutes the hypotympanic  fi ssure(*). The tympanic bone ( T ) 
and the tympanic membrane ( TM ) form the lateral wall of the 
middle ear cavity. The tegmen tympani is formed by fusion of 
the tegmental process of the petrous bone ( 2 ) and the transverse 
plate of the squamous bone ( 4 ).  M   malleus,  I  incus,  S  stapes       

  Fig. 1.3    Transversal CT scan of a 22-week-old fetus, show-
ing ossi fi cation of the otic capsule ( OC ) and beginning of the 
ossi fi cation process in the extracapsular parts of the petrous 
bone ( EC ) extending to form the mastoid process. The infe-
rior part of the squamous bone with its three parts:  S1  anterior 
part forming the zygomatic process,  S2  middle part forming 
the roof of the EAC and part of the tegmen,  S3  the posterior 
part forming the anterior part of the mastoid process. Also 
notice that the petrous bone and the squamous bone are not 
yet fused.  M  malleus,  I  incus        
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    1.1.2   Membranous Neurocranium 
and the Squamous Bone 

 The squamous part of the temporal bone  develops 
from intramembranous ossi fi cation; it is formed 
from one ossi fi cation center that appears during 
the eighth week of gestation  [  8  ] . The develop-
ment of the upper and lower halves of the bone 
primordium differs:

   The upper part is  fl at and thin and will become 
the vertical portion.  

  The lower part, due to the presence of the tym-
panic bone by the 16th week, bulges and grows 
rapidly into three directions (Fig.  1.2 ):
    1.     The anterior part  extends anteriorly around 

the tympanic ring towards the zygomatic bone 
primordium. It is  fi xed to the anterosuperior 
part of the tympanic bone. It forms the zygo-
matic process of the squamous bone and is 
involved in the formation of the roof of the 
temporomandibular joint.  

    2.     The middle part  sinks medially above the 
tympanic ring to form the superior wall of 
the external auditory canal, the attic outer 
wall, and the lateral part of the tegmen tym-
pani  [  9  ] .  

    3.     The posterior part  extends posteriorly behind 
the tympanic ring to cover a major part of the 
base of the petrous bone. It forms the anterior 
portion of the mastoid process.         

    1.1.3   The Viscerocranium 

    1.1.3.1   The Styloid Process 
 The styloid process derives directly from the 
Reichert’s cartilage of the second branchial arch. 
It develops from two parts:

   The proximal part or the base, also named • 
the tympanohyale, is situated close to the 
tympanic bone. Its ossi fi cation center 
appears before birth and continues to grow 
until the age of 4 years. It fuses with the 
petromastoid component during the  fi rst 
year of life  [  10  ] .  
  The distal part, the stylohyale, starts its • 
ossi fi cation only after birth. It fuses with the 
proximal part only after puberty.     

    1.1.3.2   The Tympanic Bone 
 The tympanic ring is a C-shaped bone that 
 provides physical support to the tympanic 
 membrane. It is formed by intramembranous 
ossi fi cation (Fig.  1.4 ).  

 At the eighth week of gestation, the tympanic 
ring appears as a condensation in the cephalic 
part of the mandibular part of the  fi rst branchial 
arch, which is situated ventral to the  fi rst pharyn-
geal cleft and lateral to Meckel’s cartilage. This 
condensation will extend in a circumferential 
fashion around the  fi rst pharyngeal cleft resulting 
in the C-shaped structure  [  11  ] . Within 2 weeks, 

  Fig. 1.4    An    intramembra-
nous area of ossi fi cation 
( arrow ) corresponding to the 
tympanic bone in an E17 
mouse embryo (sagittal 
section, toluidine blue). The 
cartilaginous primordial of 
the malleus ( M ) and incus ( I ) 
are also visible. Tubotympanic 
recess ( TTR ). Toluidine blue 
staining at pH4       
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the ossi fi cation is  fi rst detected in the part of the 
condensation adjacent to Meckel’s cartilage; then 
it progresses through the rest of the condensation 
to form a fully developed tympanic ring that is 
well recognized by the 11th week of gestation 
(Fig.  1.5 ).  

 At 12th week, growth of the tympanic ring 
proceeds rapidly with a consequent increase in 
its overall size. The tympanic ring is never 
closed superiorly, giving rise to the incisura 
tympanica ( Rivinus notch ) where the pars 
 fl accida of the tympanic membrane will make 
insertion. 

 Fusion of the tympanic ring with the other 
components of the temporal bone starts  fi rst at 
31st week in the posterior part. The anteromedial 
segment of the tympanic bone does not join the 
temporal bone until 37th week. Its  fi xation to the 
temporal bone is complete at birth. 

 The tympanic bone is 9 mm in diameter at 
birth, almost its de fi nitive size. At this time, it is 
ring shaped and is open superiorly  [  12–  16  ] . 

 The formation of the external auditory meatus 
and the formation of the manubrium are in close 
association with the tympanic ring formation 
 [  11  ] . The tympanic ring plays an instructive role 
for the external auditory canal development. 
Very likely aural atresia results from the failure 
of the tympanic ring to develop  [  17  ] . In addi-
tion, the formation of the tympanic ring is essen-
tial for the insertion of the manubrium of the 

malleus into the tympanic membrane  [  18  ] . 
Several experimental conditions leading to a 
lack of external auditory meatus formation also 
result in a severe underdevelopment of the man-
ubrium with a normal aspect of the rest of the 
malleus. This fact is con fi rmed in cases of major 
aural atresia, showing an absence of the manu-
brium with otherwise normal looking of the rest 
of the malleus  [  18,   19  ] .    

    1.2   Perinatal Changes 
of the Temporal Bone 

 By the time the fetus has reached the perinatal 
period, the squamous and tympanic bones have 
already fused together; but the resultant segment 
is still separated from the petrous segment  [  20  ] . 
Early in the perinatal period, these two segments 
begin to fuse. The fusion of the two segments 
takes place simultaneously at several locations, 
beginning with the medial surface of the 
squamous part to the lateral edge of the tegmen-
tal process of the petrous bone. This zone of 
fusion becomes the internal petrosquamous 
suture  [  7  ] . The fusion continues posteriorly 
between the petrous and squamous parts of the 
mastoid process; failure of complete fusion of 
the two parts leads to formation of a bony septum 
inside the mastoid process, called Korner’s 
septum  [  21  ]  (see Sect.   5.1.1    ). The external 

  Fig. 1.5    Skeletal staining of 
a mouse E 16 embryo. In 
blue, the Meckel’s ( M ) and 
Reichert’s ( R ) cartilages 
appear in close relationship 
with the ossicles rudiment 
(*). In red, we can see 
maxillary ( Max ) and 
mandibular ( Man ) bones 
around the oral cavity 
( double arrow ). The 
tympanic ring ( T ) is also red 
and ossi fi es following 
intramembranous process       
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petrosquamous suture present on the outer sur-
face of the mastoid process marks the plane of 
fusion between these two parts. 

 Finally, the inferior portion of the tympanic 
ring fuses medially to the inferior process of the 
petrous bone, thus forming the inferior wall of 
the tympanic cavity.  

    1.3   Postnatal Changes 
of the Temporal Bone 

 Expansion pressures and antagonist forces 
exerted by the cephalic neuroskull and the mus-
cular visceroskull, in addition to the pneumatiza-
tion process, are the main factors for the 
remodeling process and postnatal changes of the 
temporal bone. 

 Bone growth around the tympanic ring fol-
lowing its fusion to the petrous bone proceeds 
laterally around its circumference. This results 
in the development of the bony external auditory 
canal  [  22  ] . This lateral extension of the tympanic 
ring results from the growth of two tympanic 
tubercles, one from the anterior aspect of the 
ring and the second from the posterior aspect 
(Fig.  1.6 ). These projections grow laterally and 
then towards each other inferiorly to form the 
inferior wall of the external auditory canal. By 
doing so, these projections delimit two openings: 

the  fi rst is in the upper part, the notch of Rivinus, 
and the second is inferior, the foramen of 
Huschke  [  23  ] .   

 Enclosure of the base of the styloid process 
occurs simultaneously with the lateral extension 
of the tympanic bone as well. 

 In addition, the tympanic ring changes its ori-
entation relative to the rest of the cranium. 

 At birth, the tympanic ring lies beneath the 
skull in an almost horizontal plane. By the third 
month, because of the upward and lateral rota-
tion of the petrous bone caused by a rapid 
enlargement of the forebrain, the tympanic ring 
appears on the inferolateral aspect of the skull; 
few months later, it attains its  fi nal near vertical 
orientation  [  21  ] .  

  Fig. 1.6    Neonate skull with 
tympanic annular bone (*) 
with its anterior tubercle 
( white arrow ) and posterior 
tubercle ( black arrow ). The 
external auditory meatus is 
short and ossicles are 
completely visible       

 Clinical Pearl 
Normally the foramen of Huschke closes 
by the age of 5 years by additional bone 
growth. This foramen remains patent in 
about 7 % of adults; in such cases, the skin 
of the external auditory canal may invagi-
nate into the residual foramen and migrate 
under the inferior wall of the external bony 
canal, leading to the formation of a canal 
cholesteatoma (Fig.  1.7 ). 
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 The styloid process does not make its appear-
ance until after birth. It becomes attached to the 
tympanic bone during its lateral extension. The 
progression by which the styloid process grows 
and ossi fi es is variable, explaining the variable 
size and shape of the styloid process in adult 
skulls  [  24  ] . 

 The squamous part of the temporal bone grows 
rapidly along with the cranial vault during the 
 fi rst 4 years of life and continues at a much slower 
pace until adulthood  [  7,   20  ] . 

 The mastoid process is  fl at at birth. The stylo-
mastoid foramen is super fi cial with the facial 

nerve lying on the lateral surface behind the 
tympanic bone. Due to pneumatization process in 
the mastoid process, its lateral portion grows 
downwards and forwards so that the stylomastoid 
foramen is pushed medially onto the undersur-
face of the temporal bone (see Sect.   5.1.2    ).  

    1.4   Anatomy of the Temporal Bone 

 The temporal bone, a paired and symmetrical 
bone, participates in the formation of the base 
and of the calvarium of the skull. It is formed 
from the fusion of four different embryological 
bones: the petrous bone, the squamous bone, the 
tympanic bone, and the styloid bone. 

 The temporal bone is a complex anatomical 
region that is hollowed by cavities and canals that 
house the audiovestibular structures and permits 
the passage of nervous, vascular, and muscular 
elements. The auditory system is disposed on two 
axes:

   Anteroposterior air axis consisting of the mas-• 
toid antrum, the middle ear cavity, and 
Eustachian tube  
  Latero-medial sensorial axis consisting of the • 
external and internal auditory canals    

Petrotympanic fissure

Stylomastoid foramen

Persistent Huschke
foramen

Tympanic
bone Glenoid

fossa

a b

  Fig. 1.7    Persistent foramen of Huschke. ( a ) Cadaveric    
temporal bone, inferior surface, showing a persistent fora-
men of Huschke. ( b ) Transversal computed tomography 

of the external auditory canal of a right ear, showing a 
persistent foramen of Huschke ( white arrow ) with a sec-
ondary cholesteatoma ( arrowhead )       

 Clinical Pearl 
Accompanying the change of orientation of 
the tympanic bone, changes also occur in 
tympanic membrane orientation. At birth 
the tympanic membrane is in almost hori-
zontal plane; this explains the dif fi culty of 
exposure of the tympanic membrane in 
newborns during otoscopic examination or 
paracentesis. As the tympanic ring changes 
its orientation, the caudal tympanic sulcus 
is pushed laterally and the tympanic mem-
brane becomes more vertical.
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 These two axes intersect at the level of the 
middle ear cavity (Fig.  1.8 ).  

 The temporal bone connects with  fi ve other 
cranial bones: the frontal, parietal, sphenoid, 
occipital, and zygomatic bone. 

    1.4.1   The Petrous Bone 

 Petrous comes from the Latin word “petra” mean-
ing rock; it is the hardest bone of the human skull. 
It houses the inner ear, the internal carotid artery, 
the Fallopian canal, and the major part of the 
middle ear. It results from the ossi fi cation of the 
otic capsule and its  fl anges. 

 The petrous bone is shaped like a  pyramid 
that project anteromedially forming a 45° 
angle with the transverse axis. This pyramid 
has a  posterolateral base (the mastoid) and an 
 anteromedial summit (the petrous apex). It is 
wedged between the basiocciput and the greater 
wing of the sphenoid. Its  anterosuperior  surface 
is endocranial and participates in the formation 
of middle cranial fossa  fl oor. 

 Its posterosuperior surface is also endocranial 
and forms the anterolateral wall of the posterior 
cranial fossa. Its inferior surface is exocranial 
and corresponds to the posteromedial part of the 
mastoid process.  

    1.4.2   The Squamous Bone 

 The squamous bone constitutes the major part of 
the lateral surface of the temporal bone; it pre-
sents a vertical and a horizontal part:

    • The vertical part  is a  fl at and a thin plate of 
bone that extends upward to form part of the 
lateral wall of the middle cranial fossa.  
   • The horizontal part  is prolonged anteriorly as 
the zygomatic process, which originates from 
two roots: a sagittal posteroexternal root that 
overhangs the external auditory canal forming 
its superior part and a transversal anterointer-
nal root that forms the condyle of the tem-
poromandibular joint.     

    1.4.3   The Tympanic Bone 

 The tympanic portion of the temporal bone is a 
gutter-shaped plate of bone. It is situated below 
the squamous bone between the glenoid fossa 
anteriorly and the mastoid process posteriorly. 
The inferior surface of the tympanic bone pre-
sents a plate of bone called the vaginal process, 
which surrounds the styloid process and merges 
with the petrous bone near the carotid canal. 

 The tympanic bone forms the anterior, infe-
rior, and posterior walls of the bony external 

  Fig. 1.8    Transverse cut 
through a left temporal bone 
showing the middle ear 
cavity (*) hollowed out in 
the center of the temporal 
bone between the external 
auditory canal ( EAC ) and the 
inner ear ( IE ). The middle 
ear lies at the intersection of 
two axes ( black dotted 
arrows ), external - internal 
auditory canal axis and 
mastoid - Eustachian tube 
( ET ) axis.  ICA  internal 
carotid artery       
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auditory canal. Its attachment to the mastoid and 
the squamous delineates two suture lines: the 
tympanosquamous suture anterosuperiorly and 
the tympanomastoid suture posteroinferiorly. 
Medially, the tympanic bone articulates with the 
petrous bone to form the petrotympanic  fi ssure. 

 The junction between the tympanic bone and 
the squamous bone superiorly corresponds to the 
notch of Rivinus. 

 Medially, the tympanic bone presents a  
narrow furrow: the tympanic sulcus to which the 
tympanic membrane annulus is inserted.  

    1.4.4   The Styloid Bone 

 The styloid process is a long, slender, and pointed 
bone of variable length averaging from 20 to 
25 mm. It lies anteromedial to the stylomastoid 
foramen. 

 The tip of the styloid bone is located between 
the external and internal carotid arteries, lateral 
to the pharyngeal wall, and immediately behind 
the tonsillar fossa. 

 Three muscles and two ligaments are attached 
to the styloid process: the stylopharyngeus mus-
cle, the stylohyoid muscle, and the styloglossus 
muscle. The stylohyoid ligament extends from 
the tip of the styloid process to the lesser horn of 
the hyoid bone and the stylomandibular ligament, 
which starts under the attachment of the stylo-
glossus muscle and ends on the mandibular angle 
 [  10,   22,   25–  27  ] .   

    1.4.5   Temporal Bone Fissures 

 Four intrinsic  fi ssures form at the fusion lines of 
the four bones forming the temporal bone. 

    1.4.5.1   The Petrosquamous Fissure 
 The petrosquamous  fi ssure or suture connects the 
petrous bone and the squamous bone and opens 
directly into the mastoid antrum. It is a narrow  fi ssure 
and continuous with the petrotympanic  fi ssure. 

 The external petrosquamous  fi ssure, which 
links the squamous and the petrous parts of the 
mastoid process, is sometimes visible on the 
outer surface of the mastoid process (Fig.  1.10 ). 
The internal petrosquamous  fi ssure is located in 
the tegmen tympani and joins its squamous and 
petrous portions.   

  Fig. 1.9    Computed tomography with 3D reformation 
showing complete ossi fi cation of the stylohyoid ligament 
from the styloid process ( upper arrow ) to its insertion on 
the hyoid bone ( lower arrow )       

 Clinical Pearl 
The ossi fi cation process of the styloid liga-
ment may involve the whole length of the 
ligament, giving rise to a bony prolonga-
tion between the skull and the hyoid bone; 
this may manifest clinically by odynophagia, 
Eagle’s syndrome (Fig.  1.9 ). 

  Fig. 1.10    Transversal computed tomography of the right 
temporal bone of a child with hereditary cleidocranial 
dysostosis: prominent petrosquamous suture ( black 
arrow ) that could be misinterpreted as a temporal bone 
fracture.  S  squamous bone,  P  petrous bone       
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    1.4.5.2   Tympanomastoid Fissure 
 The tympanomastoid  fi ssure or suture anchors 
the tympanic bone to the mastoid process. 

 This suture is situated in the posteroinferior 
part of the external auditory canal (see 
Fig.  1.12 ). 

 The auricular branch of the vagus nerve, 
Arnold nerve, emerges through the tympanomas-
toid suture to innervate part of the external audi-
tory canal skin.  

    1.4.5.3   Tympanosquamous Fissure 
 The tympanosquamous  fi ssure connects the tym-
panic bone to the squamous bone. 

 The tympanosquamous  fi ssure is seen in the 
anterosuperior part of the external auditory canal 
and continues medially into the petrotympanic 
and petrosquamous  fi ssures (see Figs.  1.11  and 
 1.12 ).    

    1.4.5.4   The Petrotympanic Fissure 
 The petrotympanic  fi ssure or Glaserian  fi ssure is 
situated between the medial aspect of the tympanic 
bone and the mandibular fossa. It transmits the 
chorda tympani, the anterior tympanic artery, and 
the anterior malleal ligament (Fig.  1.11 ).    

    1.4.6   Temporal Bone Surfaces 

 The temporal bone exhibits four surfaces: the lat-
eral, posterior, superior, and inferior surface. 

    1.4.6.1   The Lateral Surface (Fig.  1.12 ) 
 The squama constitutes the major part of the lat-
eral surface of the temporal bone and extends 
upward as a  fl at bone to cover part of the tempo-
ral lobe of the cerebrum. 

 The lateral surface of the squama shows a verti-
cal groove for the middle temporal artery and serves 
as an area of attachment for the temporalis muscle. 

 The medial surface of squama is grooved for 
the branches of the middle meningeal artery. 
Inferior to the squama, the external auditory canal 
is located. The tympanic bone forms the anterior, 
inferior, and posterior walls of the bony external 
auditory canal. The hiatus between the tympanic 
bone and the squamous bone corresponds to the 
 notch of Rivinus . Anterior to the external audi-
tory canal is the temporomandibular joint; a thin 
bony shell separates them from each other. 

 Several important landmarks mark the lateral 
surface of the temporal bone:

    • The mastoid process  refers to the bony process 
located on the posteroinferior border of the 
lateral surface of the temporal bone. Two dis-
tinct bones contribute to the formation of the 
mastoid process: the anterosuperior portion 
is formed by squamous bone and the petrous 
bone forms the posteroinferior portion. These 
processes serve laterally for the attachment of 
the sternocleidomastoid muscle and  medially 
to the posterior belly of the digastric  muscle 
(see Sect.   5.2    ).  

  Fig. 1.11    Transversal computed tomography of a left 
ear, showing the three different sutures appearing with an 
 Y  shape. They form together the Glaserian  fi ssure.  1  the  
tympanosquamous  fi ssure,  2  the anterior petrosquamous 
 fi ssure,  3  the petrotympanic  fi ssure.  ICA  internal carotid 
artery,  EAC  external auditory canal,  TMJ  temporoman-
dibular joint       

 Clinical Pearl 
In the context of trauma, these normal 
 fi ssures, especially if evident, may be mis-
interpreted as temporal bone fractures 
(Figs.  1.10  and  1.11 ). 

The petrosquamous fi ssure may remain 
open until the age of 20 years, providing a 
route for a spread of infection from the 
middle ear to the intracranial cavity.
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   • The zygomatic process  originates above the 
external auditory canal. It leaves the squama 
and projects anteriorly to unite the zygomatic 
bone. On the inferior surface of the zygomatic 
process is the mandibular or glenoid fossa, 
which accommodates the condyle of the man-
dible. The anterior limit of the glenoid fossa 
is demarcated by the articular eminence; the 
post-glenoid process demarcates its posterior 
limit. The glenoid fossa communicates with 
the middle ear through the petrotympanic 
 fi ssure.  
   • The temporal line or supramastoid crest : 
 posterior to the external auditory canal the 
zygomatic process prolongs as a faint line or 
the supramastoid crest. This crest serves for 
the attachment of the temporal muscle. It is an 
important landmark for the level of middle 
cranial fossa dura.  
   • Suprameatal Mac-Ewen’s triangle : located 
between the posterosuperior wall of the 
external auditory canal and the temporal line. 
This triangle corresponds medially to the 
antrum.  
   • Henle’s spine : it is a bony spine implanted 
on the posterosuperior edge of the external 

auditory canal; it corresponds to the attic 
medially.  
   • The scutum  is a sharp bony spur formed at the 
junction of the lateral wall of the middle ear 
 cavity and the superior wall of the external 
auditory canal which is part of the squamous 
bone.     

    1.4.6.2   Posterior Surface 
 The posterior surface of the temporal bone is 
formed exclusively by the petrous part. It 
 represents the anterolateral wall of the 
 posterior cranial fossa. This surface is limited 
superiorly by the sulcus for the superior 
 petrosal venous sinus, which separates the 
superior and the posterior surfaces of the 
petrous bone. Laterally it presents the sigmoid 
sinus sulcus and the internal ori fi ce of the 
emissary vein canal. 

 The most important feature of the posterior 
surface is the internal auditory meatus, which 
lies in the center of this surface midway 
between the apex and the anterior border of 
the sigmoid sinus sulcus. An important struc-
ture situated at the  lateral part of this surface is 
the endolymphatic sac; this sac lies medial to 

Glenoid
cavity

Petrotympanic
suture

Tympanic
bone

Styloid
process

Mastoid
process

  Fig. 1.12    Lateral surface of 
a left temporal bone.  1  
tympanosquamous  fi ssure,  2  
tympanomastoid  fi ssure,  EAC  
external auditory canal,  S  
Henle’s spine, * suprameatal 
triangle,  VP  vaginal process       

 



12 1 The Temporal Bone

the level of the posterior semicircular canal 
(Fig.  1.13 ).  

 The average dimensions of the internal 
auditory canal are 1 cm horizontally and 
0.5 cm vertically. The mean distance from the 
highest border of the jugular bulb to the infe-
rior border of the internal auditory canal is 
about 0.5 cm  [  28  ]  (Fig.  1.14 ). The mean dis-
tance from the lateral border of the internal 
auditory canal to the endolymphatic sac is 
about 1 cm  [  29  ] .  

  Fig. 1.14    Posterior surface 
of a right temporal bone 
showing the relation of the 
internal auditory canal (*) 
with the sigmoid sinus ( black 
arrow ), the middle cranial 
fossa ( MCF ) ( white arrow ), 
and the jugular bulb ( JB ). 
 SPS  superior petrosal sinus, 
 IPS  inferior petrosal sinus, 
 PA  petrous apex,  V   fi fth CN, 
 VI  sixth cranial nerve in 
Dorello’s canal,  IX , X, XI  
ninth, tenth, and eleventh CN       

Sigmoid sinus
sulcus

Emissary vein
internal orifice

Mastoid tip

Endolymphatic
sac fossa Cochlear canaliculus

Internal auditory canal

Petrous apex

Subarcute fossa

Superior petrosal sinus sulcus

Eminentia arcuata

Jugular foramenantero-lateralborder

  Fig. 1.13    Posterior surface of a left temporal bone       

    Surgical Implications 
 During retrosigmoid approach for hearing 
preservation surgery in vestibular schwan-
noma, drilling of the posterior lip of the 
internal auditory canal may be necessary in 
order to remove the intrameatal portion of 
the tumor. This step carries a risk of injur-
ing the posterior semicircular canal or a 
high riding jugular bulb. 
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  Based on these measurements mentioned 
above, 0.5 cm of bone can be safely drilled away 
from the posterior lip of the canal without injur-
ing any structure.  

    1.4.6.3   Superior Surface (Fig.  1.15 )    
 The superior surface of the temporal bone forms 
part of the middle cranial fossa  fl oor; it is limited 
posteromedially by the superior petrosal sinus 
sulcus. 

 The superior surface presents from lateral to 
medial several structures that serve as important surgi-
cal landmarks during middle cranial fossa approach. 

      Tegmen Tympani 
 The most lateral part of this surface contains the 
tegmen tympani, which separates the middle cra-
nial fossa from the middle ear. It is formed partly 

from the caudal portion of the squamous bone, 
which extends medially to join the petrous bone. 
The petrous bone forms the major part of the teg-
men. The fusion line of the two bones forms the 
petrosquamous  fi ssure.  

      Eminentia Arcuata 
 The Eminentia arcuata is an important surgical 
landmark. It lies on the posterior part of the supe-
rior surface, near the superior petrosal sinus, 
about 20–25 mm from the inner tablet of the cra-
nium  [  30,   31  ] . It corresponds to the wall of the 
superior semicircular canal. Usually the posterior 
aspect of the eminentia arcuata is rotated lateral 
to the posterior crus of the superior semicircular 
canal, but the anterior aspect of the eminentia 
arcuata is located over the anterior crus of this 
canal  [  30,   32  ] .  

Petrosquamous
suture

MMA groove

Carotid canal

Facial hiatus &
GSPN groove

Petrous apex

Internal auditory canal

Superior petrosal sinus groove

Eminentia arcuata

  Fig. 1.15    Superior view of a left temporal bone. The red 
lines represent the relation of the internal auditory canal 
with respect to the eminencia arcuata and the greater 

super fi cial petrosal nerve ( GSPN ), middle meningeal 
artery ( MMA )       
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      Greater Super fi cial Petrosal Nerve 
and Geniculate Ganglion (Fig.  1.16 )    
 The superior surface is marked also by the 
facial hiatus and the groove of the greater 
super fi cial petrosal nerve, which runs from 
the geniculate ganglion to the middle cranial 
fossa. The distance from the geniculate gan-
glion and the inner tablet of the cranium is 
of 2.7 mm. Two plates of bone form the bony 
roof of the geniculate ganglion and the proxi-
mal part of the greater super fi cial petrosal 
nerve bony canal: a medial plate, which is a 
periosteal derivative of the petrous bone, and a 
lateral plate, which is a membranous derivative 
from the squamous bone.   

Petrousquamous
suture

Petrous apex

Facial hiatus

TTM semi-canal

ET isthmus

Peritubal cells

Styloid process

Mastoid process

Digastric notch

  Fig. 1.17    Anteromedial 
view of a left petrous bone 
showing the petrous apex 
and the exit ori fi ce of the 
carotid canal ( CA ) from the 
temporal bone anterolateral 
to the petrous apex. Notice 
the position of the ET 
isthmus and the tensor 
tympani muscle ( TTM ) 
semicanal lateral to the 
carotid canal       

  Fig. 1.16    Middle    cranial fossa view of a right-side facial 
nerve. View after drilling off the bone covering the genic-
ulate ganglion (*). G.C., geniculate crest; ( 1 ) labyrinthine 
segment of facial nerve; ( 2 ) tympanic segment of facial 
nerve (Courtesy of Tardivet  [  36  ] )       
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      The Petrous Apex 
 The petrous apex is situated in the angular inter-
val between the posterior border of the sphenoid 
and the basilar part of the occipital bone. The 
main portion of the apex lies anterior to the 

cochlea. Through the  apex , the internal carotid 
artery exits the petrous bone to the foramen lace-
rum, which is found between the apex and the 
sphenoid bone (Fig.  1.17 ).    

    1.4.6.4   Inferior Surface (Fig.  1.18 )    
 The inferior surface of the temporal bone repre-
sents posterolaterally the inferior part of the mas-
toid and the digastric notch. Anterior to the 
digastric notch and posterior to the styloid pro-
cess is the stylomastoid foramen, from which the 
facial nerve leaves the temporal bone. Medial to 
the digastric notch is a shallow groove for the 
occipital artery. 

 More anteriorly lies the inferior surface of the 
tympanic bone, which forms the posterior bound-
ary of the mandibular fossa and expands inferi-
orly to form the vaginal process. 

 Anteromedial to the stylomastoid foramen 
and styloid process is the jugular foramen; it is 
formed by the petrous bone anterolaterally and 
the occipital bone posteromedially. 

 Surgical Implication 
The geniculate ganglion could be dehiscent 
in 15–20 % of cases. In these cases, the risk 
of injuring the facial nerve during middle 
cranial fossa approach is very high while 
elevating of the dura mater from the superior 
surface of the temporal bone  [  30,   33,   34  ] .

In middle cranial fossa approach, the 
internal auditory meatus is within 3–8 mm 
distant from the superior border of the 
petrous bone. The bisection of the angle 
formed by the greater superior petrosal 
nerve and the eminence arcuate marks the 
position of the internal auditory meatus 
(Fig.  1.14 ).

Jugulo-carotid spine &
inferior tympanic canaliculus

Cochlear canaliculus

Petrous apex

Carotid canal

Petrotympanic
fissure

Vaginal process

Mandibular
fossa

Zygomatic process

Huschke
foramen

Styloid
process

Stylomastoid
foramen

Mastoid
process

Digastric
notch

Jugular
fossa

  Fig. 1.18    Inferior view of a left temporal bone. The  red arrow  passes through the carotid canal       
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 The jugular foramen is separated by the jugu-
lar spine and a  fi brous band into two  fi bro-osseous 
compartments:

   Pars vascularis: posterolateral vascular com-• 
partment, which is larger and receives the 
internal jugular vein, vagus nerve (CN X) with 
Arnold’s branch, the spinal nerve (CN XI), 
and posterior meningeal artery  
  Pars nervosa: anteromedial nervous compart-• 
ment, which is smaller and receives 
the glossopharyngeal nerve (CN IX) with 
its Jacobson’s branch and the inferior petrosal 
sinus  [  35  ]     
 Posterior to the jugular fossa lies the small 

canal of Arnold’s nerve. 
 Medial to the jugular fossa, there is the groove 

of the inferior petrosal sinus and the opening of 
the cochlear aqueduct. 

 The foramen of the internal carotid artery lies 
anterior to the jugular foramen and is separated 
from its anterior border by the jugulo-carotid 
spine through which we  fi nd a canal for the pas-
sage of Jacobson’s nerve (IX) to the tympanic 
cavity. 

 Medially, near the petrous apex, the inferior 
surface presents the site of insertion of the 
levator veli palatini and the cartilaginous por-
tion of the Eustachian tube.        

   References    

    1.    Leland Albright A, David Adelson P, Pollack F. 
Principles and practice of pediatric neurosurgery, vol. 
2. New York: Thieme Publishers; 2007. p. 668–9.  

    2.    Le Douarin NM, Kalcheim C. The neural crest. 2nd 
ed. Cambridge: Cambridge University Press; 1999.  

    3.    Doden E, Halves R. On the functional morphology of 
the human petrous bone. Am J Anat. 1984;169(4):
451–62.  

    4.    Bast TH. Ossi fi cation of the optic capsule in human 
fetuses. Washington, D.C.: Carnegie Institution of 
Washington; 1930.  

    5.    Dahm MC, Shepherd RK, Clark GM. The postnatal 
growth of the temporal bone and its implications for 
cochlear implantation in children. Acta Otolaryngol 
Suppl. 1993;505:1–39.  

    6.    Zhou G, Ohlms I, Ohlms I, Amin M. Superior semicir-
cular canal dehiscence in a young child; implication of 
development defect. Int J Pediatr Otorhinolaryngol. 
2007;71(12):1925–8.  

    7.    Jacquot S, Bertholon P, Chaudron S, Prade J-M, 
Martin C. Dehiscence du canal semi-circulaire 
supérieur. Fr ORL. 2006;91:249–25610.  

    8.    Tortori-Donati P, Rossi A, editors. Pediatric neurora-
diology: brain, head, neck, and spine. New York: 
Springer; 2005. p. 1255–65.  

    9.    Schuknecht H. Pathology of the ear. Cambridge: 
Harvard University Press; 1974. p. 503.  

    10.    Monsour PA, Young WG. Variability of the styloid 
process and stylohyoid ligament in panoramic radio-
graphs. Oral Med Oral Pathol. 1986;61:522–6.  

    11.    Mallo M, Gridley T. Development of the mammalian 
ear: coordinate regulation of formation of the tympanic 
ring and the external acoustic meatus. Development. 
1996;122:173–9.  

    12.   Ars B, Decraemer W, Marquet J, Ars-Piret N. 
Sulcustympanicus. In: Comptes-rendusduCongrès 
de la Société Française d’ORL. Paris: Arnette; 1980. 
p. 401–68.  

    13.    Ars B, Ars-Piret N. Mouvements embryogéniques de 
l’anneau tympanique. In: Martin H, editor. Comptes 
rendus du Congrès de la Société Française d’ORL. 
Paris: Arnette; 1981. p. 117–9.  

    14.   Ars B. Pars TympanicaOssisTemporalis. Academical-
thesis, thèse d’agrégation de l’Enseignement supérieur. 
University of Antwerp; 1982.  

    15.    Ars B. La partie tympanale de l’os temporal. Cahiers 
ORL. 1983;18:435–523.  

    16.    Anson BJ, Bast TH, Richamy SF. The fetal and early 
postnatal development of the tympanic ring and 
related structures in man. Ann Otol Rhinol Laryngol. 
1955;64:802–22.  

    17.    Michaels L, Soucek S. Development of the strati fi ed 
squamous epithelium of the human tympanic 
 membrane and external canal: the origin of auditory 
epithelial migration. Am J Anat. 1989;184:334–44.  

    18.    Mallo M, Schrewe H, Martin JF, Olson EN, Ohnemus 
S. Assembling a functional tympanic membrane: sig-
nals from the external acoustic meatus coordinate 
development of the malleal manubrium. Development. 
2000;127(19):4127–36.  

    19.       Yamada G, Mansouri A, Torres M, Stuart ET, Blum 
M, Schultz M, De Robertis EM, Gruss P. Targeted 
mutation of the murine goosecoid gene results in 
craniofacial defects and neonatal death. Development. 
1995;121(9):2917–22.  

    20.    Eby TL, Nadol JB. Postnatal growth of the human 
temporal bone. Implications for cochlear implants in 
children. Ann Otol Rhinol Laryngol. 1986;95:
356–64.  

    21.    Wright A. Anatomy and ultrastructure of the human 
ear, chapter 1. In: Kerr GA, editor. Scott Brown’s oto-
laryngology, vol. 1. 6th ed. London: Butterworth 
Heinemann; 1997. p. 1–50.  

    22.   Gulya AJ. Developmental anatomy of the temporal 
bone and skull base. In: Glasscock ME, Gulya AJ, 
editors. Glasscock-Shambaugh Surgery of the Ear. 5th 
ed. Hamilton: BC Decker Inc; 2003. p. 4–7.  

    23.    Ars B. Foramen of huschke. Valsalva. 1984;60(3):
205–11.  



17References   

    24.    Simms DL, Neely JG. Growth of the lateral surface of 
the temporal bone in children. Laryngoscope. 
1989;99(8 Pt 1):795–9.  

    25.    Moffat DA, Ramsden RT, Shaw HJ. The sty-
loid process syndrome: aetiological factors and 
surgical management. J Laryngol Otol. 1977;
91(4):279–94.  

    26.    Jung T, Tschernitschek H, Hippen H, Schneider B, 
Borchers L. Elongated styloid process: when is it 
really elongated? Dentomaxillofac Radiol. 2004;33(2):
119–24.  

    27.    Gözil R, Yener N, Calgüner E, Araç M, Tunç E, 
Bahcelioğlu M. Morphological characteristics of sty-
loid process evaluated by computerized axial tomog-
raphy. Ann Anat. 2001;183(6):527–35.  

    28.    Kolagi S, Herur A, Ugale M, Manjula R, Mutalik A. 
Suboccipital retrosigmoid surgical approach for inter-
nal auditory canal–a morphometric anatomical study 
on dry human temporal bones. Indian J Otolaryngol 
Head Neck Surg. 2010;62(4):372–5.  

    29.    Koval J, Molcan M, Bowdler AD, Sterkers JM. 
Retrosigmoid transmeatal approach: an anatomic 
study of an approach used for preservation of hearing 

in acoustic neuroma surgery and vestibular  neurotomy. 
Skull Base Surg. 1993;3(1):16–21.  

    30.    Chopra R, Fergie N, Mehta D, Liew L. The middle 
cranial fossa approach: an anatomical study. Surg 
Radiol Anat. 2003;24(6):348–51; discussion 352–3.  

    31.    Clerc P, Batisse R. [Approach to the intrapetrosal 
organs by the endocranial route; graft of the facial 
nerve]. Ann Otolaryngol. 1954;71(1):20–38.  

    32.    Kartush JM, Kemink JL, Graham MD. The arcuate 
eminence. Topographic orientation in middle cranial 
fossa surgery. Ann Otol Rhinol Laryngol. 1985;94
(1 Pt 1):25–8.  

    33.    Dobozi M. Surgical anatomy of the Geniculate gan-
glion. Acta Otolaryngol. 1975;80(1–2):116–9.  

    34.    Rhoton Jr AL, Pulec JL, Hall GM, Boyd Jr AS. 
Absence of bone over the geniculate ganglion. 
J Neurosurg. 1968;28(1):48–53.  

    35.    Roche PH, Mercier P, Sameshima T, Fournier HD. 
Surgical anatomy of the jugular foramen. Adv Tech 
Stand Neurosurg. 2008;33:233–63.  

    36.      Tardivet L. Anatomie Chirurgicale du nerf facial 
intra-petreux, Thèse Med. Aix Marseille University; 
2003.      



19S. Mansour et al., Comprehensive and Clinical Anatomy of the Middle Ear,  
DOI 10.1007/978-3-642-36967-4_2, © Springer-Verlag Berlin Heidelberg 2013

  2

 The middle ear cavity is an irregular air- fi lled 
space hollowed out in the center of the temporal 
bone between the external auditory meatus late-
rally and the inner ear medially (Fig.  2.1 ). It lies 
at the intersection between two important axes: 
one latero-medial between the external and the 
internal auditory canals, the other one posteroan-
terior between the mastoid antrum and the 
Eustachian tube (see Fig.   1.8    ).  

 For descriptive purposes, the tympanic cavity 
may be considered as a box with four walls, a 
roof, and a  fl oor. Because of the convexity of the 
medial and lateral walls, the middle ear cavity is 
constricted at its center. The width of the middle 
ear cavity is 2 mm at the center, 6 mm superiorly 
in the attic, and 4 mm inferiorly in the hypotym-
panum. In the sagittal plane, the middle ear cleft 
measures about 15 mm both in the vertical and 
horizontal directions (Fig.  2.2 ).  

 The middle ear cavity is surrounded by six 
walls: the lateral wall, the inferior wall called the 
 fl oor or the jugular wall, the posterior called the 
mastoid wall, the superior wall also called 
the roof or the tegmen, the anterior wall called 
the carotid wall, and the medial wall called the 
cochlear wall. 

    2.1   Lateral Wall 

 The lateral wall is formed by the tympanic mem-
brane, the bony tympanic ring and the attic outer 
wall (Fig.  2.2 ). This wall of the middle ear cavity, 

      Middle Ear Cavity                
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20 2 Middle Ear Cavity

especially the tympanic membrane, is the only 
wall accessible to clinical examination and is the 
site of most middle ear pathologies. In addition, 
the lateral wall represents the classic entry site to 
the middle ear during ear surgery. 

    2.1.1   Embryology of the Lateral Wall 

 The development of the tympanic bone and mem-
brane starts as early as the fourth week of intra-
uterine life  [  1  ] . A funnel-shaped ectoblastic pouch 
grows inwards from the  fi rst branchial cleft until it 
reaches an endoblastic pouch growing laterally 
from the  fi rst branchial pouch, known as the 
tubotympanic recess. The contact between the ecto-
blastic and the endoblastic pouches is short-living. 

 By the  fi fth week of the fetal life and due to the 
growth of the cephalic extremity with its  fl exion-
extension positions, the region of the future neck 
creates two types of forces: an expansive force and 
a depressive force. Under the expansive cephalic 
 fl exion, the mesenchyme interposes between 
the ectoblastic and the endoblastic pouches. At the 
 seventh week this mesenchyme contributes to the 
formation of the  fi brous stratum of the tympanic 
membrane and the handle of malleus (Fig.  2.3 ).  

 At the eighth week, the epithelial cells at the 
bottom of the ectoblastic pouch proliferate and 
form a compact epithelial plate reaching the 
endoblast. Later, this ectoblastic plate gives rise 
to the bony external auditory canal and the tym-
panic membrane at its end. When the tympanic 
membrane appears, it consists already of three 
layers and has an elliptical form with a horizontal 
diameter of approximately 2 mm. 

 At birth the tympanic membrane is in almost 
horizontal plane. As the tympanic ring changes its 

  Fig. 2.1    Oblique cut of a 
right temporal bone. The 
middle ear cavity lies in the 
center of the temporal bone 
between the outer ear ( EAC ) 
and the inner ear.  T  the 
tympanic membrane,  i  incus; 
 m  malleus,  sscc  superior 
semicircular canal,  ET  
Eustachian tube,  IAC  internal 
auditory canal,  ICA  internal 
carotid artery       

6 mm

15 mm

2 mm

4 mm

scutum

pr
om

on
to

ry

CP

VII

Pars Tensa

Pars Flaccida

  Fig. 2.2    Schematic drawing of the middle ear cavity 
showing its different dimensions.  VII  facial nerve,  CP  
cochleariform process       
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orientation, the caudal tympanic sulcus is pushed lat-
erally and the tympanic membrane becomes more 
vertical (see Sect.   1.3    ). This explains the dif fi culty of 
exposure of the tympanic membrane in newborns 
during otoscopic examination or paracentesis.   

    2.1.2   Lateral Wall Anatomy 

 The lateral wall of the tympanic cavity is partly 
bony and partly membranous. The central portion 

of the lateral wall is formed by the tympanic 
membrane and the incomplete tympanic ring to 
which the membrane is attached. Above the tym-
panic membrane there is a bony wall forming the 
attic outer wall. 

    2.1.2.1   The Attic Outer Wall 
 The attic outer wall, part of the squamous bone, 
is the bony lateral wall of the attic. It is a wedge-
shaped plate of bone that separates the attic from 
the zygomatic mastoid cells laterally (Fig.  2.4 ).  

 The part of the attic outer wall lying below the 
plane tracing the roof of the external auditory canal 
is called the  scutum  (means shield in Latin). 

 The scutum is a thin sharp bony spur formed 
by the junction of the attic outer wall and the 
superior wall of the external auditory canal. The 
scutum forms part of the superior deep portion 
of the external meatus and gives attachment to 
the pars  fl accida of the tympanic membrane, 
which is the lateral wall of the Prussak’s space 
(Fig.  2.4 ).   
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  Fig. 2.3    Tympanic 
membrane formation. 
The tympanic membrane 
is formed from the three 
germ layers, ectoderm ( 1 ), 
mesoderm ( 2 ), and endoderm ( 3 )       

 Clinical Pearl 

 Congenital Cholesteatoma 

Congenital cholesteatoma are residual 
squamous inclusion cysts that arise from 
epithelial rests in the middle ear. These epi-
thelial rests are normally seen during fetal 
development and usually disappear by the 
third trimester. The failed involution of 
these epithelial rests leads to a congenital 
cholesteatoma  [  2,   3  ] .
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    2.1.2.2   The Tympanic Ring 
 The tympanic ring is the most medial portion of the 
tympanic bone; it is C shaped and represents the 
frame in which inserts most of the tympanic mem-
brane periphery. In the inner aspect of the tympanic 
ring, there is a gutter, the  tympanic sulcus , which 
houses the  annulus  of the tympanic membrane. 

 The tympanic ring is de fi cient superiorly to form 
the  notch of Rivinus . The pars  fl accida inserts directly 
on this notch, and due to the absence of sulcus and 
the tympanic ring, the pars  fl accida is lax rendering 
it more predisposed to a retraction (Fig.  2.5 ).  

      The Tympanic Spines 
 At the junction of the tympanic ring and the attic 
outer wall, we can identify two spines – the ante-
rior and the posterior tympanic spines (Fig.  2.5 ):
    1.     Anterior tympanic spine:  is present at the antero-

superior end of the tympanic ring and represents 
the anterior limit of the notch of Rivinus  

    2.     Posterior tympanic spine:  is present at the pos-
terosuperior end of the tympanic ring and repre-
sents the posterior limit of the notch of Rivinus      

      Tympanic Canaliculi 
 The medial surface of the tympanic ring near the 
tympanic spines presents three openings (Fig.  2.6 ): 

    • The Petrotympanic Fissure  ( Glaserian Fissure ) 
 The petrotympanic (Glaserian)  fi ssure opens 
anteriorly just above the attachment of the 

a b

  Fig. 2.4    ( a ) Coronal reconstruction of a computed tomo-
graphy of a right ear, showing the scutum as a sharp bony 
spur ( white arrow ) and the attic outer wall ( white arrow-
head ) that separates the attic (*) from the zygomatic cells 
( ZC ). ( b ) Coronal computed tomography reconstruction 

of a right ear: erosion of the scutum ( long arrow ), due to a 
retraction pocket in the Prussak’s space with keratin debris 
( short arrow ). Thickened tympanic membrane ( arrow-
head );  M  malleus,  EAC  external auditory canal       

  Fig. 2.5    Left tympanic membrane showing the notch of 
Rivinus (*) limited by the anterior ( 1 ) and posterior ( 2 ) 
tympanic spines. Notice the direct insertion of the tym-
panic membrane on the scutum ( s ) and the absence of 
annulus in this zone. Also notice the difference in size 
between the anterior part of the annulus ( A ) and the poste-
rior part ( P ) of the annulus       

Clinical Impact 

The scutum is the  fi rst bony structure to be 
eroded by an attical cholesteatoma second-
ary to a retraction pocket of the pars  fl accida 
into the attic (Fig.  2.4b ).
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tympanic membrane. It is a slit about 2 mm 
long, which receives the anterior malleal liga-
ment and transmits the anterior tympanic 
artery, a branch of the internal maxillary artery 
to the tympanic cavity (see Fig.   1.11    ).  
   • The Iter Chordæ Anterius  ( Canal of Huguier ) 
 The canal of Huguier is a separate canaliculus 
placed in the medial end of the petrotympanic 
 fi ssure; through it the chorda tympani nerve 
leaves the tympanic cavity towards the 
infratemporal fossa.  
   • The Iter Chordæ Posterius  
 The iter chordæ posterius is situated medial to 
the posterior tympanic spine. It leads into a 
minute canal through which the chorda tym-
pani nerve exits to enter the tympanic cavity. It 
lies immediately medial to the tympanic mem-
brane at the level of the upper limit of the mal-
leus handle.     

      The Tympanic Sulcus 
 The tympanic sulcus houses the annulus of the 
tympanic membrane. The lateral edge of the tym-
panic sulcus is higher than the medial edge. 

 The average depth of the sulcus is about 
1 mm. However, this depth is not constant; it is 
maximal at 6 o’clock and decreases gradually as 
it goes up towards the tympanic spines where it 
disappears completely. The posterosuperior part 
of the sulcus is shallow and its depth is around 
4 mm.    

    2.1.2.3   The Tympanic Membrane 
 The tympanic membrane (TM) separates the 
external auditory meatus from the middle ear. It 
is a thin semitransparent membrane that is nearly 
circular in form and is approximately 8 mm wide, 
9–10 mm high, and 0.1 mm thick. 

 The inferior part of the membrane lies more 
medially than the superior part; the TM forms 
an inclination of about 40° relative to the infe-
rior wall of the auditory meatus (Figs.  2.1  and 
 2.8 ).  

 The handle of the malleus is  fi rmly attached to 
the central part of the inner surface of the TM and 
draws it centrally; this zone of the TM is called 
the  umbo  (Fig.  2.10 ). 

 Shrapnell divided the TM into two parts, an 
upper small part called  pars  fl accida  and a lower 
bigger part called the  pars tensa . 

AML

Glaserian F.

Canal of Huguier

Petrotympanic F.

Ant. tympanic spine

Post. tympanic spine

Iter Chordae
posterius

  Fig. 2.6    Schematic drawing 
of the medial surface of a 
right tympanic membrane 
showing Glaserian  fi ssure 
containing the anterior 
malleal ligament ( AML ), the 
more medial canal of 
Huguier giving exit for the 
chorda tympani to the 
infratemporal fossa. The 
chorda tympani enters the 
middle ear through the iter 
chordæ posterius       

Clinical Implications 

These changes in the depth of the sulcus 
re fl ect the stability of the insertion of the 
annulus; in the posterosuperior quadrant 
the annulus is not totally inserted into the 
sulcus and is merely supported (Fig.  2.7 ). 
This weak insertion of the posterosuperior 
quadrant of tympanic membrane to the 
tympanic ring makes it lax and predisposed 
to retraction  [  4  ] . 

 

http://dx.doi.org/10.1007/978-3-642-36967-4_1#Fig11
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 The  pars tensa , the largest part of the TM, is 
taut, thickened peripherally into the annulus 
which is inserted into the tympanic sulcus. 

 The  pars  fl accida , Shrapnell’s membrane, is 
lax, occupies the notch of Rivinus, and is attached 
to the scutum  [  5  ] . 

      The Tympanic Annulus 
 The tympanic annulus, or Gerlach’s ligament is a 
horseshoe-like  fi brocartilaginous structure that 
maintains the insertion of the tympanic mem-
brane in the tympanic sulcus (Fig.  2.8 ). The 
annulus is absent superiorly at the level of the 
notch of Rivinus. 

 In cross section, the annulus shows a triangular 
form with a summit pointing towards the pars tensa 
and a base inserted on the tympanic sulcus  [  6  ] . 

 At the level of the tympanic spines, the tym-
panic annulus prolongs centrally towards the lat-
eral process of the malleus constituting two 
strands: the anterior and the posterior tympano-
malleal strands. These two strands divide the 
tympanic membrane into the pars  fl accida superi-
orly and the pars tensa inferiorly. Medially, these 
two strands rise up two slight ridges of mucous 
membrane on the inner side of the tympanic 
membrane called the  anterior  and  posterior tym-
pano-malleolar folds  (Fig.  2.8 ). 

 The diameter of the annulus is not uniform. The 
maximal mean caliber of the annulus is at 6 o’clock 
level; from this point, the annulus gradually thins 
out in both directions until it reaches about 15 % of 
its maximal caliber at the anterior and posterior 
tympanic spines  [  4,   7  ]  (Fig.  2.5 ).   

  Fig. 2.7    A medial view of 
the lateral wall of a left 
middle ear showing the 
incomplete insertion of the 
posterosuperior part of the 
annulus ( white arrow ) in the 
tympanic sulcus.  1  iter 
chordæ posterius,  2  iter 
chordæ anterius,  FI  fossa 
incudis,  TM  tympanic 
membrane,  M  malleus,  I  
incus, * chorda tympani       

  Fig. 2.8    Left ear tympanic membrane allograft showing 
the annulus ( black arrow ) and the posterior tympano-mal-
leal fold (*).  I  incus,  m  malleus,  u  umbo,  s  stapes       

 Surgical Application 

During middle ear surgery, the annulus 
allows an operative dislocation of the tym-
panic membrane out of the sulcus without 
tearing it. The most dif fi cult part of the 
annulus to dislodge is the anterior part 
because of its  fi rm attachment to the sulcus.
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      Microscopic Structure 
of the Tympanic Membrane 
 The pars tensa and pars  fl accida differ in structure 
despite the fact that both parts are made of three 
layers: a lateral epidermal layer, a medial mucosal 
layer, and a middle layer or lamina propria.

    • The epidermal layer  
 The epidermis of the TM and of the bony part 
of the external ear canal is a specialized type 
of skin; it does not contain any glands or hair 
follicles, and it has a potential of lateral 
migration not encountered in any epidermis 
elsewhere. Epithelial cells migrate centrifu-
gally outwards from the center of the drum 
desquamating only when they reach the carti-
laginous portion of the ear canal. This process 
accounts for the self-cleaning ability of the 
ear canal  [  8  ] .  
   • The Mucosal layer  
 The mucosal layer of the eardrum is a continua-
tion of the mucosal lining of the middle ear cav-
ity. It is a very thin monocellular layer of cells.  
   • Lamina propria  
 This intermediate layer consists of  fi brous tis-
sue: The amount and the organization of this 
tissue is the main difference between the pars 
tensa and the pars  fl accida of the TM.

     – The pars tensa  
 The  fi brous layer of the pars tensa is 
attached to the malleus handle and to the 

tympanic bone and consists of two layers 
of densely packed collagenous  fi bers; one 
is oriented radially and another one ori-
ented circularly  [  9,   10  ] .

    • Radial  fi brous layers  ( stratum radiatum ) 
are attached to the manubrium and radi-
ate outward to the annulus.  
   • Circular  fi brous layer  ( stratum circu-
lare ) is medial to the radial layer and has 
its  fi bers arranged concentrically and 
insert on the manubrium.     

  The pars  fl accida  –
 The lamina propria of the pars  fl accida is 
composed of small amount of elastic and 
collagenous  fi bers with no special arrange-
ment and gradually passes into the dermis 
of the meatal skin  [  11  ] .        

      Blood Supply of the Tympanic Membrane 
     • Inner surface of the tympanic membrane  
 The TM is supplied by a vascular circle formed 
by the  anterior tympanic artery  branch from 
the internal maxillary artery and from the sty-
lomastoid branch of the posterior auricular 
artery (Fig.  2.9 ).   
   • Outer surface of the tympanic membrane  
 The tympanic membrane is supplied by the 
arteria manubrii having origin from the deep 
auricular branch of the internal maxillary 
artery.     

Ant. Tympanic
artery

Glaserian F.

Canal of Huguier

Stylomastoid
artery

  Fig. 2.9    Medial view of 
a left tympanic membrane 
showing tympanic mem-
brane vascularization       
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     Nerves of the Tympanic Membrane 
 The membrane receives its innervations from the 
auriculotemporal branch of the mandibular nerve 
(CN V3), the tympanic branch of the glossopha-
ryngeal nerve (CN IX), and the auricular branch 
of the vagus (CN X).      

    2.2   Inferior Wall (Jugular Wall) 

    2.2.1   Embryology of the Inferior Wall 

 The inferior wall of the middle ear develops 
between the 21st and the 31st gestational week, 
from the fusion of the tympanic bone and the 
 petrosal bone. The fusion of these two bones, at 
24th gestational week, closes the hypotympanum 
incompletely and leaves a persistent hypotym-
panic  fi ssure, which houses the inferior tympanic 
canaliculus. The inferior tympanic canaliculus 
transmits the Jacobson’s branch of the glossopha-
ryngeal nerve and the inferior tympanic artery to 
the middle ear  [  13  ]  (see Fig.   1.2    ) (see Sect. 
  1.1.1    ). 

    2.2.1.1   Development of the Jugular Bulb 
After Birth 

 The jugular bulb, absent at birth, is a dynamic 
structure which develops after the age of 2 years 
and reaches its de fi nite size in adulthood. 
Children younger than 2 years old do not demon-
strate the bulbous enlargement typical of the 
jugular bulb. The upward forces and the hemo-
dynamic changes that accompany prone posi-
tion lead to the bulbous enlargement typical of 
the adult jugular bulb. An erect posture, as 
opposed to the “fetal” or lying-down positions 
maintained in utero and in neonates, results in 
an ascending negative pulse wave originating 
from the heart and traversing upward to strike 
the jugular sinus at the jugular foramen. This 
phenomenon is responsible of the expansion of 
the jugular bulb  [  14  ] . 

 Because the left brachiocephalic vein is rela-
tively longer than the right one, it may dissipate 
the energy of the venous pulsation generated from 
the heart and consequently explain the develop-
ment of a larger jugular bulb on the right side. 

 The absence of the jugular bulb at birth and its 
development in early infancy suggest that jugular 
bulb abnormalities are acquired rather than con-
genital and thus may progress with time to expand 
into the adjacent structures. 

 The venous blood  fl ow dynamics may ulti-
mately determine the variations in  fi nal size and 
position of the jugular bulb  [  14  ] .   

      Clinical Application 

Tympanic Membrane Retraction Pockets 

     • Pars  fl accida retraction pockets  
 The pars  fl accida is the most common 
area of TM retraction pockets because it 
is the weakest part of the TM. Two rea-
sons stand behind this weakness:
   1.     Sparse amount of unorganized fi bres 

in its lamina propria  
   2.     Direct insertion of the skin of the 

pars  fl accida on the scutum in the 
absence of the combination annulus-
sulcus, which acts like a ligament 
stabilizing the insertion of the TM to 
the surrounding bone  [  12  ]       

   • Pars tensa retraction pockets  
 Pars tensa retraction pockets are more 
common in its posterosuperior part. 
Three reasons stand behind this fact:
   1.    This part of the TM is more vascu-

larized and thus more vulnerable to 
in fl ammation, which leads to secre-
tion of collagenase and destruction of 
collagen  fi bers. This renders this part 
of the TM atrophic and prone to 
retraction in case of middle ear nega-
tive pressure.  

   2.    The middle  fi brous layer of the 
 posterosuperior part lacks a well-
developed circular  fi brous layer.  

   3.    The weak annulus insertion on the 
tympanic ring because of a shallow 
sulcus at this level  [  4  ] .        

 In contrary, the anterosuperior quad-
rant of the TM is less prone to retraction 
because of its strong insertion into the sul-
cus, the better arrangement of its circular 
 fi bers and the presence of the anterior mal-
leal ligament acting as a support  [  4  ] . 

http://dx.doi.org/10.1007/978-3-642-36967-4_1#Fig2
http://dx.doi.org/10.1007/978-3-642-36967-4_1#Sec2
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    2.2.2   The Inferior Wall Anatomy 

 The  fl oor of the middle ear cavity is narrow and 
consists of a thin plate of bone that separates the 
middle ear from the jugular bulb posteriorly and 
the internal carotid artery anteriorly. Between 
the carotid artery and the jugular bulb near the 
medial wall, there is a small canal, the inferior 
tympanic canaliculus, which transmits the 
Jacobson’s nerve, branch of the glossopharyn-
geal nerve (CN IX), and the inferior tympanic 
artery (Fig.  2.10 ).  

 The surface of this wall may show irregulari-
ties due to the overlying pneumatized cells. In the 
posterior part of the  fl oor is the root of the styloid 
process which gives rise to a bony eminence, the 
styloid eminence. 

    2.2.2.1   The Jugular Bulb 
 The jugular bulb connects the sigmoid sinus to 
the internal jugular vein. 

 It lies in the jugular fossa, an oval hollowed 
area at the internal and inferior surface of the 
petrous pyramid. The jugular bulb inhabits the 
posterior and largest compartment of the jugular 
foramen. The IX, X, and XI cranial nerves pass 
the skull base with this venous system. 

 The jugular bulb communicates with the caver-
nous sinus through the inferior petrosal sinus. 

 The jugular bulb dome lies at the  fl oor of the 
middle ear cavity below the labyrinth and medial 
to the mastoid segment of the facial nerve. 

 It is variably positioned in relation to the 
hypotympanum, and its distance from the facial 
nerve laterally and the labyrinth superiorly is 
variable (Fig.  2.11 ). The distance from the jug-
ular bulb to the posterior semicircular canal 
superiorly ranges from 0 to 10 mm (mean, 
4 mm). The distance from the jugular bulb to 
the facial nerve laterally ranges from 0 to 
12 mm (mean, 7 mm)  [  15  ] .      

  Fig. 2.10    Right ear after 
transcanal hypotympano-
tomy and dissection of the 
vertical portion of internal 
carotid artery ( VICA ) and the 
jugular bulb ( JB ), notice the 
emergence of the Jacobson’s 
nerve ( J ) between the VICA 
and the JB and its relation to 
the round window ( RW ); also 
notice the relation of the 
horizontal portion of the 
internal carotid artery 
( HICA ) and the Eustachian 
tube ( ET ); the HICA lies in 
the medial wall of the 
Eustachian tube       

     Surgical Application        

Retrofacial Approach to the Middle Ear 

 Retrofacial approach to the middle ear is 
done by drilling the area between the facial 
nerve laterally, the jugular bulb inferiorly 
and medially, and the ampulla of the posterior 
semicircular canal superiorly. This approach 
can provide a good access to the hypotym-
panum and the related structures without 
transposing the facial nerve or taking down 
the posterior external auditory canal wall. In 
cases with a high and lateral jugular bulb, 
this approach could not be done easily  [  15  ]  
(Fig.  2.12 ).   
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a b

  Fig. 2.11    Coronal computed tomographic reconstruction 
on the mastoid segment of the facial nerve ( arrowheads ) 
on both ears and the relation to the jugular bulb ( JB ) and 
the posterior semicircular canal (PSCC) ( black arrow ): 

( a ) On the right side ( R ), small jugular bulb ( JB ) with a 
large distance ( red arrow ) to the PSCC. ( b ) On the left 
side ( L ), huge JB with a short distance ( red arrow ) to the 
PSCC       

a b

  Fig. 2.12    ( a ) Retrofacial approach in a left ear hypotym-
panum. (*) surgical instrument;  VII  mastoid segment of 
the facial nerve,  JB  jugular bulb,  TM  tympanic membrane, 
 M  malleus,  I  incus,  S  stapes,  LSCC  lateral semicircular 
canal,  PSCC  posterior semicircular canal. ( b ) Sagittal 
oblique reconstruction of a computed tomography show-

ing the retrofacial hypotympanotomy approach ( red 
arrow ). Mastoid segment of the VII nerve ( arrowheads ), 
hypotympanic air cells ( black arrows ), round window 
membrane (between the  white arrows ), basal turn of the 
cochlea ( empty arrow ).  A  antrum,  JB  jugular bulb       

      Clinical Application  

Jugular Bulb Anomalies 

 A high jugular bulb (HJB) is a condition in 
which the jugular bulb dome rides above 
the tympanic annulus. A HJB has an intact 
sigmoid plate which separates it from the 
middle ear cavity. If the sigmoid plate is 
de fi cient, the bulb protrudes into the middle 
ear cavity; this situation is called a dehis-
cent jugular bulb (JBD) (Fig.  2.13 ).  

 A HJB or JBD manifests as a pulsatile 
tinnitus and appears like a posteroinferior 
retrotympanic blue mass on otoscopic 
examination. Injury of a JBD during tym-
panomeatal  fl ap elevation results in profuse 
bleeding  [  16,   17  ] . 

 The incidence of high JB ranges from 5 
to 20 % and that of JBD ranges from 1 to 
10 %  [  17  ] .  
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    2.3   Posterior Wall 

    2.3.1   Embryology of the Posterior 
Wall 

 The posterior wall develops from the Reichert’s 
cartilage. The facial nerve develops in a groove 
on the otic capsule. By the 20th week, the facial 
canal is better de fi ned by  fi brous tissue laterally 
as the otic capsule ossi fi es medially. Reichert’s 
cartilage persists as a cartilage bar interposed 
between the otic capsule and the facial nerve 
medially and the tympanic annulus laterally  [  18  ] . 
Ossi fi cation starts in this cartilage bar and continues 
in the mesenchyme both medial and lateral to this 

cartilage bar, forming the facial canal and the 
posterior wall of the middle ear cavity. The carti-
lage remnant of Reichert’s bar frequently persists 
to the time of birth, ossifying separately from the 
surrounding mesenchyme. The  fi rst cartilaginous 
wall of the facial canal is the laterohyale con-
nected primitively with the interhyale, rudiment 
of the stapedial tendon (Fig.  2.14 ).   

    2.3.2   Posterior Wall Anatomy 

 The posterior wall is the highest wall of the  middle 
ear and measures about 14 mm. It is formed 
essentially by the petrous bone. The posterior 

  Fig. 2.14    15.5-mm human 
embryo coronal section 
showing the laterohyale 
( arrow ) covering facial nerve 
rudiment (*), in connection 
with the Reichert’s cartilage 
( R ). Hematoxylin-eosin 
staining       

a b c

  Fig. 2.13    ( a ) Coronal computed tomographic view on a 
right ear with a normal jugular bulb ( JB ), round window 
recess ( black arrow ). ( b ) High riding JB obliterating the 
round window recess ( black arrow ). ( c ) JB diverticula 

( small white arrow ), reaching the round window recess 
( black arrow ). Notice the transtympanic tube in place 
( long white arrow )       
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wall separates the middle ear from the mastoid air 
cells, except at the area of the aditus ad antrum, 
where it is de fi cient and permits communication 
between the attic and the mastoid antrum. 

 The posterior wall can be divided into two dis-
tinct parts: the upper third which corresponds to 
the  aditus ad antrum  and represents the posterior 
limit of the epitympanum and the lower two 
thirds which correspond to the posterior wall of 
the retrotympanum. 

 The two parts are separated by the incudal but-
tress which is a compact bone that runs from the 
tympanic ring laterally to the lateral semicircular 
canal medially. It houses the  incudal fossa  in its 
superior surface which lodges the short process 
of the incus (Fig.  2.15 ).  

    2.3.2.1   The Upper Part: The Aditus 
Ad Antrum 

 The aditus ad antrum connects the epitympanum 
of the middle ear to the mastoid antrum posteri-
orly. The aditus is of a triangular shape with 
dimensions of 4 × 4 × 4 mm height, length, and 
width (see Sect.   5.2.3     and Fig.   5.17    ).  

    2.3.2.2   The Lower Part: The Posterior 
Wall of the Tympanum 

 The posterior wall of the tympanum is a com-
plete bony wall and bridges the bony annulus 
tympanicus to the bony labyrinth. It is the exten-
sion of the styloid eminence upward to the pyra-
midal eminence and to the level of the fossa 

incudis. It houses the vertical segment of the 
facial nerve. 

 This wall is wider above than below and pre-
sents three eminences directed anteriorly,  fi ve 
bony ridges, and four sinuses delimiting the ret-
rotympanum spaces (Fig.  2.16 ).  

  Fig. 2.15    A medial view of 
a left middle ear showing the 
posterior wall composed of 
an inferior closed part 
separating the middle ear 
from the mastoid and a 
superior open part, the aditus 
ad antrum, which connects 
the middle ear to the 
mastoid. Notice that the  fl oor 
of the aditus houses the fossa 
incudis ( FI ), which lodges 
the short process of the incus 
( SPI )       

  Fig. 2.16    Endoscopic view of a right middle ear showing 
the different ridges of the posterior wall.  1  ponticulus,  2  
subiculum,  3  pyramidal ridge,  4  chordal ridge,  PE  pyra-
midal eminence,  SE  styloid eminence,  OW  oval window, 
 RW  round window,  S  stapes,  T  stapedial tendon,  Pr  
 promontory,  HC  hypotympanic cells,  VII  facial nerve       

 

 

http://dx.doi.org/10.1007/978-3-642-36967-4_5#Sec30
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      Posterior Wall Eminences 
 The posterior wall presents three bony eminences: 
the pyramidal, chordal, and styloid eminences. 
These three eminences altogether form what is 
called the  styloid complex,  which is a derivative of 
the superior portion of the second branchial arch.

    • The pyramidal eminence  
 The pyramidal eminence is situated at the cen-
ter of the posterior wall immediately behind 
the oval window; it is about 2 mm height. Its 
base is fused with the canal of the facial nerve. 
It lodges the body of the stapedial muscle and 
its apex gives passage to the stapedial tendon. 
The pyramidal eminence communicates with 
the facial bony canal by a minute aperture 
which transmits the stapedial branch of the 
facial nerve (Fig.  2.17 ).   
   • The chordal eminence  
 The chordal eminence is situated lateral to the 
pyramidal eminence and 1 mm medial to the 
tympanic membrane. The chordal eminence 
shows a foramen: the  iter chordæ posterius  
through which the chorda tympani nerve gains 
access to the middle ear cavity (Fig.  2.17 ).  
   • The styloid eminence  
 The styloid eminence or Politzer eminence is 
a recognized smoothed elevation at the infe-
rior part of the posterior wall; it represents the 
base of the styloid process.      

      Posterior Wall Ridges 
 We can identify in the posterior wall  fi ve bony 
ridges which connect the eminences with each 
other and with the promontory.

    • The chordal ridge of Proctor  
 The chordal ridge runs laterally and transver-
sally from the pyramidal eminence to fuse 
with the chordal eminence.  
   • The pyramidal ridge  
 The pyramidal ridge is very prominent. It runs 
inferiorly from the base of the pyramidal emi-
nence to the styloid eminence. It could be 
absent.  
   • The styloid ridge  
 The styloid ridge connects the styloid promi-
nence to the chordal eminence.  
   • The ponticulus  
 The ponticulus is a central structure in the retro-
tympanum. It is a bony ridge extending from 
the pyramidal process to the promontory. There 
are two different variants of the ponticulus:

      Complete ponticulus: when the ponticulus  –
is completely formed and extends from the 
pyramidal process to the promontory area. 
In this case the ponticulus represents the 
superior frontier of the sinus tympani and 
separates it from the posterior sinus.  
      Incomplete ponticulus: in this case the pon- –
ticulus does not connect with the pyramidal 
process making the sinus tympani and the 
posterior sinus one con fl uent sinus.      

   • The subiculum  
 The subiculum is a smooth bony projection 
that is situated posterior to the promontory 
and extends inferiorly from the posterior lip 
of the round window niche towards the styloid 
eminence. Therefore, it intervenes between 
the sinus tympani superiorly and the round 
window inferiorly.     

  Fig. 2.17    Transversal computed tomography of the 
 posterior wall of the cavity. From lateral to medial: chordal 
eminence ( black arrow ), facial recess ( long white arrow ), 
facial nerve ( empty arrowhead ), pyramidal eminence ( short 
white arrow ), sinus tympani ( black arrowhead )       

During transcanal hypotympanotomy, the 
styloid eminence represents a very impor-
tant landmark for the facial nerve; the sty-
loid eminence is always anterior to the 
facial nerve and represents the posterior 
limit of safe drilling in the posterior part of 
the hypotympanum.
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      Posterior Wall Spaces 
 The posterior wall bony eminences and ridges 
divide the posterior wall into four different spaces 
that are completely separated from the mastoid 
cavity (see Sect.   4.4    ).     

    2.4   Superior Wall (The Tegmen) 

 The superior wall of the middle ear cavity is a plate 
of bone that separates the middle ear cavity from 
the overlying middle cranial fossa dura and tempo-
ral lobe of cerebrum. The integrity of the tegmen is 
essential to avoid spread of infection from the mid-
dle ear to the intracranial cavity, as well as to pre-
vent herniation of the brain into the middle ear. 

    2.4.1   Superior Wall Development 

 The superior wall forms from the fusion of two 
horizontal plates, a small lateral plate ( horizontal 
process ) derived from the squamous bone and a 
large medial plate ( tegmental process ) derived 
from the otic capsule of the petrous bone. The 
lateral plate shows membranous ossi fi cation, 
whereas the medial one shows endochondral 
ossi fi cation (see Fig.   1.2    ) (see Sect.   1.1.1    ). 

 At the line of fusion of both plates, a bony log 
is formed and is called the tignum transversum 
that is the major supporting element of the teg-
men. The tignum transversum extends anteriorly 
to the Glaserian  fi ssure and then beaks medially 
to form the so-called cog  [  19  ] . 

 Delayed or incomplete ossi fi cation of the 
tegmen may lead to tegmen defects observed 

in childhood or early, with possible meningo-
cele or spontaneous CSF  fi stula (Fig.  2.18 ).    

    2.4.2   Superior Wall Anatomy 

 The tegmen is a thin bony plate that forms the 
roof of the middle ear cavity and separates it 
from the overlying temporal lobe. The part of 
the tegmen overlying the Eustachian tube is 
called  tegmen tubari , the part overlying the 
tympanic cavity is called the  tegmen tympani,  
and that overlying the mastoid antrum is called 
the  tegmen antri . 

 The superior surface of the tegmen forms part 
of middle cranial fossa  fl oor and is covered by the 
dura; the inferior surface of the tegmen is lined 

a b  Fig. 2.18    Coronal 
computed tomography of 
the right ear showing in ( a ) 
congenital dehiscence of the 
tegmen ( arrowhead ); ( b ) 
herniation of endocranial 
tissue of the middle fossa 
through a congenital 
dehiscence of the tegmen 
( between the long arrows ), 
laterally to the geniculate 
ganglion ( * ), reaching the 
ossicles ( short arrow )       

     Clinical Implications  

     Middle Ear Meningoencephalocele 

 Middle ear meningoencephalocele is a 
 herniation of brain tissue through a bony 
defect into the middle ear. Middle cranial 
fossa meningoencephaloceles are the most 
common, and this is related to tegmen 
 tympani dehiscence under the weight of the 
temporal brain lobe and CSF pulsations 
effect  [  20,   21  ] . The most frequent bony 
defect in the tegmen tympani is in the 
region next to the geniculate ganglion  [  22  ]  
(see Fig.  2.18 ). 

 Posterior cranial fossa meningoenceph-
alocele into the middle ear is rare.  
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by middle ear mucosa. The tegmen separates the 
cerebrospinal  fl uid superiorly from the air of the 
middle ear inferiorly  [  23  ]  (Fig.  2.19 ).  

 The tegmen tympani is formed from two 
unequal bony plates. The largest medial portion 
develops from the tegmental plate of the petrous 
bone, and the smaller lateral portion develops 
from the horizontal plate of the squamous bone 
(Fig.  2.20 ).  

 The suture line between these two plates is 
known as the internal petrosquamous suture. 

 In newborns, this suture is not ossi fi ed and is 
 fi lled with connective tissue; it does not close 
until adulthood  [  24  ] . In adults, the dura of the 
middle cranial fossa is tightly adherent to this 
suture; sharp dissection may be required for ele-
vation of the dura at this level during middle cra-
nial fossa approach. 

 In the middle ear surface of the petrosquamous 
 fi ssure serves as a point of attachment to the 
superior malleal and superior incudal ligaments. 

 In the anterior attic, the tegmen is formed 
completely by the tegmental plate of the petrous 
bone. In the posterior attic and in the antrum, the 
horizontal plate of the squamous bone contri-
butes to the formation of the tegmen tympani  [  22  ]  
(Fig.  2.20 ). 

 At the level of fusion between the tegmental 
plate and anterior limit of the horizontal plate, the 
cog appears (Fig.  2.20 ). The cog is a 0.5-mm long 
transversal hard and dense bony crest situated 
1–2 mm anterior to the malleus head and heading 
vertically towards the cochleariform process. Its 
medial part may eventually prolong to reach the 
cochleariform process  [  25,   26  ] . 

    2.4.2.1   Supportive Mechanisms 
of the Tegmen 

 As described above, the tignum transversum is 
the major supporting element of the tegmen. In 
addition to the tignum transversum, the carrying 
capacity of the tegmen depends on the lateral and 
medial processes of the tignum as well. The tig-
num transversum and the medial and lateral pro-
cesses establish a structure similar to the nervation 
of a leaf. This aspect of a nervation assures an 
evenly distributed mechanical support for the thin 
and eventually perforated plate of the tegmen. 
Thus, the resistivity of a thin tegmen against the 
weight of the temporal lobe and cerebrospinal 
pulsations is determined more by the complete 
structure of the described network of the bone 
rather than by the thickness of the plate  [  19  ]  
(Fig.  2.21 ).   

Tegmen
Antri
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Tubari
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E.T.

Cog
  Fig. 2.19    A sagittal cut of 
the temporal bone, showing 
the superior wall of a left 
middle ear ( ME ).  MCF  
middle cranial fossa,  ET  
Eustachian tube       
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  Fig. 2.20    ( a ) Superior view of the tegmen from the 
middle cranial fossa demonstrates the setup of the 
tegmen tympani formed by two distinct bony plates 
of the temporal bone, with the horizontal process of 
the squamous part laterally and the tegmental process 
of the petrous part medially. Both plates meet at the 

 petrosquamous  fi ssure. ( b ) Section made through the 
protympanum shows that the roof of the protympanum 
is built up only by the tegmental process. ( c ) Section 
made through the mesotympanum showing that the 
squamous part contributes to the formation of the teg-
men tympani in this area       

  Fig. 2.21    The carrying 
capacity of the tegmen 
depends on the tignum 
transversum ( black line ) and 
its associated lateral and 
medial processes; these 
together establish structures 
similar to the nervation of 
a leaf       
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    2.4.2.2   Surgical Anatomy of the Tegmen 
 Mastoid surgery and atticotomy require complete 
conservation of the tegmental plate. 

 Since the tegmen shows a variable shape and 
inclination and because the dura and the arachnoid 
are closely adherent to the bone in the middle 
fossa region, iatrogenic injuries by drilling could 
lead to cerebrospinal  fl uid leak, pneumocephalus, 
brain herniation, or cerebral abscess. Thus, a 
thorough knowledge of the tegmen slopes as well 
as its relationship with the external auditory canal 
is essential for a safe and successful attico-mas-
toid surgery. The tegmen is not a simple horizon-
tal plane, but it is an irregular plate of bone with 
ondulating slopes. 

 There are two distinct slopes in the con fi guration 
of the tegmen: one is from lateral to medial and a 
second one is from posterior to anterior direction. 

      Lateral-to-Medial Slope 
 In the lateral-to-medial direction, the tegmen 
presents an inferiorly directed hang before head-
ing up to its highest point above the superior 
semicircular canal (Fig.  2.22 ). This shape of hang-
ing down laterally and rising up medially exists 
throughout the whole course of the tegmen as in 
its posterior or in its anterior part  [  27  ] .  

 Over the external auditory canal (Fig.  2.23 ), 
the majority of the population has a narrower dis-
tance laterally than medially  [  27  ] .   

b
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  Fig. 2.22    ( a ) 3D image of the tegmen in the coronal 
plane. The tegmen slopes down above the antrum and then 
goes up to cover the superior semicircular canal.  SSSC  
superior semicircular canal,  PSSC  posterior semicircular 

canal,  LSCC  lateral semicircular canal. ( b ) Computed 
tomography of a right ear showing the shape variation of 
the tegmen relatively to the antrum (*) and the superior 
arch of the SCCC ( white arrow )       

Lateral Medial
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a b

  Fig. 2.23    ( a ) 3D Image    in the coronal plane showing the 
relationship between the tegmen and the bony external ear 
canal. Notice that the tegmen rises up as we move medially 
( arrow ).  EAC  external auditory canal,  T  tympanic mem-

brane,  M  malleus. ( b ) Coronal computed tomography of a 
right ear showing the slope of the tegmen ( arrow ) upwards 
in relation to the superior wall of the external auditory canal 
( EAC ) in lateral-to-medial direction       
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      Posterior-to-Anterior Slope 
 In the sagittal plane the tegmen makes also a slope 
in a posterior to anterior direction and becomes 
close to the superior part of the external auditory 
canal  [  27  ] . The tegmen is higher posteriorly by 
about 1–10 mm than anteriorly (Fig.  2.24 ).       

    2.5   Anterior Wall (Carotid Wall) 

 The anterior wall separates the middle ear cavity 
from the petrous carotid artery canal. It houses 
the tympanic ori fi ce of the Eustachian tube. 

    2.5.1   Anterior Wall Development 

 The development of the anterior wall and the pro-
tympanum is in close relationship to that of the 
carotid canal and the auditory tube. The anterior 
wall arises completely from the petrous bone. 

 After the development of the otic capsule at 
the 16th week of gestation, multiple plates extend 
laterally from the otic capsule around the devel-
oping tubotympanic recess and ICA to build up 
almost the entire protympanum (Fig.  2.25 ). The 
tympanic bone forms the posterior border of the 
lateral wall of the protympanum  [  28  ] . In the pro-
tympanum, the bone appears in the 18th week.  

 The developmental junction between the 
petrous and tympanic bones is marked by the 
petrotympanic  fi ssure, or Glaserian  fi ssure, which 
continues laterally into the tympanosquamous 
 fi ssure. 

    2.5.1.1   Development of the Carotid Canal 
 The development of the carotid canal has a close 
relationship with the internal carotid artery (ICA) 

  Fig. 2.24    Sagittal reconstruction of a computed tomogra-
phy of a temporal bone showing the different parts of the 
tegmen and the cog. Note that the tegmen slopes down-
wards from posterior to anterior.  TTM  tensor tympani mus-
cle,  ET  Eustachian tube       

     Surgical Application 

 During mastoid dissection anteriorly it is 
recommended to start  fi rst inferiorly, then 
progress back around superiorly. Therefore, 
while approaching the superior wall of the 
external auditory canal and knowing that 
the dura hangs down laterally, the surgeons’ 
drill must work from medial to lateral to 
avoid lowering or injuring the canal wall or 
hitting the dura. The tegmen can be easily 
damaged laterally where the dura is low 
lying. Also this lateral overhang can obscure 
the disease tissues hidden medially. 

 In addition, if the medial level of the 
dura is wrongly expected to be at the same 
lower lateral level, the drilling may wrongly 
progress much lower medially and could 
traumatize the lateral semicircular canal or 
facial canal  [  27  ] . 

 The sagittal plane is especially relevant 
when extending the drilling from the 
antrum to the attic region anteriorly: the 
tegmen slopes inferiorly as the drilling pro-
gresses anteriorly. One should expect a 
much lower dura anteriorly at the level of 
root of the zygoma; this is of most concern 
during anterior epitympanic recess 
approach (Fig.  2.23 ). 

 The space available to work between 
the EAC wall and the dural plate in canal 
wall-up attico-mastoidectomy is smaller 
than posteriorly. Basically this  fi nding 
con fi rms that the root of zygoma is a surgi-
cally challenging area, especially when 
approaching the anterior attic with conser-
vation of the ossicular chain in place. In 
this procedure care must be taken not to 
penetrate the external canal wall nor to 
injure the dura in a canal wall-up 
technique. 
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development. In the early embryonic period, the 
ICA lies on the anterior part of the cartilaginous 
otic capsule; ossi fi cation of the otic capsule that 
starts in the 18th week produces two plates around 
the ICA, the superior and the inferior plate. At 

birth, the plates of the carotid canal have enclosed 
the ICA in a bony channel in the medial wall of 
the protympanum  [  28  ]  (Fig.  2.25 ). 

 If the ICA is not directly beside the otic capsule, 
the bony canal of the ICA will be absent  [  29  ] . 

 Consequently ICA dehiscence encountered in 
children is the result of incomplete fusion of the 
superior and inferior bony plates of the carotid 
canal. Furthermore, agenesis of the internal 
carotid artery is associated to an absence of the 
carotid canal  [  30  ]  (see Sect.   3.5.1.2    ).   

    2.5.2   Anterior Wall Anatomy 

 The anterior wall of the tympanic cavity is very 
narrow because the medial and lateral walls of 
the middle ear cavity converge anteriorly in an 
acute angle. The anterior wall is formed entirely 
from the petrous bone and can be divided into 
three portions: the lower, the middle, and the 
upper portion (Fig.  2.26 ).  

    2.5.2.1   The Lower Portion 
 The lower portion of the anterior wall is the 
largest portion and represents the anterior wall 
of the hypotympanum. It is a thin plate of bone 
that separates the middle ear cavity from the 
vertical segment of the petrous carotid artery. 
This bony plate has two tiny openings for the 
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  Fig. 2.25       Schematic drawing of the developing protym-
panum and its surroundings in the frontal plane (34-week-
old fetus). The walls of the protympanum are built up by 
several processes of the petrous bone: the tegmental plate 
( 1 ) forming the roof, the superior lamina of the carotid 
canal ( 2 ) and the inferior lamina of carotid canal ( 3 ) form-
ing the inferomedial wall. The medial wall of the protym-
panum is created by the promontory itself.  M  tensor 
tympani muscle,  TR  tubotympanic recess,  ICA  internal 
carotid artery, * chorda tympani       

  Fig. 2.26    Anterior wall 
of a right middle ear.  1  upper 
third,  2  middle third,  3  
inferior third; notice the 
internal carotid artery 
dehiscence ( white arrow ) in 
the medial wall of the 
Eustachian tube ( ET );  TTM  
tensor tympani muscle canal, 
* cochleariform process,  VII  
tympanic portion of the 
facial nerve,  FP  footplate, 
 RW  round window,  P  
promontory       
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caroticotympanic nerves: the upper opening 
transmits the superior caroticotympanic nerve 
and the inferior opening transmits the inferior 
caroticotympanic nerve. These nerves have ori-
gin from the pericarotid sympathetic chain; they 
transmit sympathetic  fi bers coming from the 
superior cervical ganglia to the tympanic plexus 
of the middle ear.  

    2.5.2.2   The Middle Portion 
 The middle portion of the anterior wall corre-
sponds to the protympanum. The middle portion 
has two tunnels placed one below the other: the 
upper tunnel transmits the tensor tympani mus-
cle, and the lower tunnel corresponds to the bony 
portion of the Eustachian tube. A thin horizontal 
plate of bone, the septum canalis musculotubari   , 
separates these two tunnels from each other.

   The semicanal for the tensor tympani (semi-• 
canalis m. tensoris tympani) is cylindrical and 
lies beneath the tegmen tympani. It extends to 
join the cochleariform process.  
  The septum canalis musculotubarii passes • 
posteriorly below the tensor tympani semica-
nal; it expands above the anterior end of the 
oval window and terminates by curving later-
ally forming a pulley, the cochleariform 
 process, over which the tendon of the tensor 
tympani muscle passes  [  31  ] .  
  The bony portion of the Eustachian tube: is • 
situated below the septum canalis (see Sect. 
  7.2.1    ).     

    2.5.2.3   The Upper Portion 
 The upper portion of the anterior wall corre-
sponds to the root of the zygoma which repre-
sents the anterior wall of the epitympanum.  

    2.5.2.4   The Carotid Artery 
and the Anterior Wall 

 The carotid artery enters the temporal bone 
through the carotid foramen. It ascends vertically 
in the anterior wall of the hypotympanum and in 
the medial wall of the bony Eustachian tube at the 
area just beneath the cochlea (the vertical seg-
ment); then it turns anteromedially at almost a 
right angle towards the petrous apex, forming the 
horizontal segment anteroinferiorly to the cochlea 
(Figs.  2.10  and  2.27 ).  

      The Vertical Segment of the Petrous 
Carotid Canal 
 The vertical segment of the petrous carotid canal 
is 5.0–12.5 mm in height and 4.0–7.5 mm in 
diameter. 

 The vertical segment is separated from the 
middle ear cavity by a thin plate of bone of about 
0.25 mm. There is no difference in thickness 
between pediatric and adult subjects. A dehis-
cence of carotid canal is observed in about 5 % of 
temporal bones, usually located at the medial 
wall of the bony portion of Eustachian tube 
(Fig.  2.26 ). 

 The tympanic bone is anterolateral to the ver-
tical segment  [  32  ] . The distance from the anterior 
margin of the tympanic annulus to the nearest 
point of carotid canal is about 5 mm  [  33  ] .  

      The Horizontal Segment of the Petrous 
Carotid Canal 
 The horizontal segment of the petrous carotid 
canal is directed anteromedially by a path of 
14.5–24 mm long and 4.5–7.0 mm in diameter 
 [  32  ] . The average distance between the carotid 
canal and the cochlea is about 1 mm near the 
basal turn, 2 mm near the middle turn, and 6 mm 
near the apical turn  [  34  ] .      

  Fig. 2.27    CT Angio-scan of the supra-aortic right ves-
sels, with a sagittal oblique reconstruction, showing the 
trajectory of the internal carotid artery (*) with its vertical 
( V ) and horizontal ( H ) segment. Note the relationship to 
the basal turn of the cochlea ( black arrow ).  JV  jugular 
vein       
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    2.6   Medial Wall (Cochlear Wall) 

 The medial wall is formed mainly by the cochlear 
promontory in addition to several important 
structures: the tympanic segment of the facial 
nerve, the oval and the round windows, the tensor 
tympani canal, the cochleariform process, and 
the lateral semicircular canal. 

    2.6.1   Embryology of the Medial Wall 
Structures 

    2.6.1.1   Facial Nerve VII, Tympanic 
Segment (See Chap.   6    ) 

 The horizontal segment of the facial nerve is 
 recognized by the sixth week when it passes 
between the developing membranous labyrinth 
and the primitive stapes  [  35  ] . By the eighth week, 
soon after the stapes blastema reaches the otic 
capsule, a sulcus forms within the lateral margin 
of the cartilaginous otic capsule, initiating the 
formation of the horizontal facial nerve canal; 
this groove forms by the tenth week. If this canal 
is deep and well formed, the facial nerve will be 

“locked in” to its normal anatomic position 
against the otic capsule  [  35  ] . The facial nerve 
groove will begin to enclose the facial nerve in 
the 4th gestational month. Ossi fi cation of the 
canal is completed  during or shortly after the  fi rst 
year of life  [  36  ] .  

    2.6.1.2   Oval Window 
 The oval window is derived from the lateral sur-
face of the otic capsule. Its development is related 
directly to the development of second branchial 
arch structures and most importantly the stapes 
and the facial nerve. As early as the  fi fth week, the 
blastemal mass of the stapes becomes  recognizable 
as a ring-shaped structure around the stapedial 
artery. This rudimentary stapes grows medially, 
then contacts and indents the developing otic cap-
sule at the future oval window during the seventh 
week. The mesenchyme in this depression fuses 
with the stapedial ring to form the stapes footplate 
 [  37,   38  ] . Once the base of the stapes has fully 
developed, dedifferentiation of the oval window 
cartilage occurs, and a rim of  fi brous tissue forms 
to produce the annular ligament  [  36  ] .   

a b  Fig. 2.28    Coronal recon-
struction of a computed 
tomography of a left ear with 
( a ) normal bony separation 
(*) between the cochlea and 
the internal carotid artery 
( ICA ); ( b ) a dehiscent 
internal carotid artery ( white 
arrow ) into the basal turn of 
the cochlea       

Surgical Implication 

Rarely, there is partial absence of septation 
between the cochlea and the carotid canal. 
In these cases, preoperative imaging of the 
temporal bone shows the anatomical rela-
tionship between the cochlea and petrous 
carotid canal and may help prevent inad-
vertent penetration of the carotid canal dur-
ing cochlear implant surgery (Fig.  2.28 ). 

    Clinical Implications

Oval Window Atresia 

 When the primitive stapes fails to fuse with 
the primitive vestibule, the oval window 
cannot develop, resulting in its congenital 
absence. One widely accepted explanation 
for the congenital absence of the oval win-
dow proposes that during the  fi fth and sixth 
weeks of gestation, the developing facial 
nerve becomes anteriorly displaced and 
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    2.6.1.3   Fissula Ante Fenestram 
 The  fi ssula ante fenestram is part of the perilym-
phatic labyrinth and it is unique to humans. The 
 fi ssula is  fi rst apparent in the ninth week (embryo 
of 34 mm)  [  42  ] , as a strip of precartilage in the 
lateral wall of the cartilaginous otic capsule 
immediately anterior to the oval window. During 
the next 3 weeks, this extension of periotic tissue 
stretches as a connective tissue ribbon from the 
vestibule to the middle ear. The  fi ssula continues 

to grow until mid-fetal life about 21st week, at 
which time the ossi fi cation of the otic capsule is 
almost completed (Fig.  2.29 ). The cartilage bor-
der that separates the connective tissue of the 
 fi ssula from the bone of the otic capsule is gradu-
ally replaced by intrachondral bone.  

 Because of the metamorphosis of the lining car-
tilage rests, the  fi ssula is thought to be the area of 
histological instability. Later in life the new bone-
forming process may be enhanced and expand to 
become an active focus of otosclerosis  [  43  ] .  

    2.6.1.4   Round Window 
 The round window area appears during the 11th 
week. By this time ossi fi cation has started in the 
otic capsule. During the ossi fi cation of the otic 
capsule, the round window niche is surrounded 
by a thickened ring of cartilage which isolates the 
round window mesenchyme from the ossifying 
otic capsule and prevents the ossi fi cation of the 
round window opening. Further differentiation of 
the cartilage ring forms the round window niche, 
and the round window membrane appears inside 
the niche with an epithelial layer of mucous 
membrane. Mesenchymal tissue left unabsorbed 
in the round window niche may form a separate 
outer membrane, closing off the actual niche.  

  Fig. 2.29    Transverse cut of 
a left temporal bone of a 
28-week-old embryo 
showing the  fi ssula ante 
fenestram (*) in front of the 
footplate ( FP ) and the 
 fi ssula post fenestram 
posterior to the footplate 
( white arrow ).  VII  facial 
nerve,  I  incus,  M  malleus       

interposed between the otic capsule and the 
stapes blastema. As a result, the contact 
between the stapes and the otic capsule is 
prevented; thus, the development of the 
oval window is not initiated  [  35,   39,   40  ] . 
An abnormal appearance of the stapes is 
often associated with congenital absence of 
the oval window. 

 In addition, a congenital absence of the 
oval window could be associated with dif-
ferent anomalies of the tympanic segment 
of the facial nerve canal such as a low-lying 
facial nerve relative to the oval window or 
a canal situated within or below the 
expected location of the oval window or a 
dehiscent large facial nerve  [  41  ] . 

 Failure of development of the annular 
ligament results in congenital  fi xation of 
the stapes footplate. 

When the cartilage ring does not develop, 
osseous obliteration will occur and lead to 
congenital round window atresia  [  44  ] .
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 The ossi fi cation of the walls of the round win-
dow niche starts at the 16th week and is estab-
lished by both membranous and endochondral 
ossi fi cation. However, related to the different 
degrees of this double ossi fi cation types, there 
will be a great variability in the phenotypes of the 
round window niche. Depending on the state of 
development of the upper and anterior walls of 
the niche, the plane of the opening of the round 
window niche can be horizontal, dorsal, or 
lateral.   

    2.6.2   Medial Wall Anatomy 

 The medial wall of the tympanic cavity separates 
the middle ear cleft from the adjacent inner ear. 
The canal of the tensor tympani muscle anteri-
orly and the tympanic Fallopian canal posteri-
orly are two landmarks that divide the medial 
wall into upper third part and lower two third 
part. The upper third forms the medial wall of 
the epitympanum and is demarcated posteriorly 
by the lateral semicircular canal (LSCC). The 
lower two-thirds form the medial wall of the 

mesotympanum and include the cochlear pro-
montory on the center, the oval window 
posterosuperiorly, and the round window pos-
teroinferiorly (Figs.  2.30  and  2.31 ).   

  Fig. 2.30    Endoscopic view 
of a left middle ear.  VII  
tympanic facial nerve, * 
cochleariform process,  TTM  
tensor tympani muscle,  RW  
round window,  ET  
Eustachian tube,  FP  
footplate,  P  promontory,  HC  
hypotympanic cells,  ST  sinus 
tympani,  Pon  ponticulus,  Sub  
subiculum       

  Fig. 2.31    Coronal computed tomographic reconstruction 
of a right ear. The medial wall of the middle ear cavity 
from upward to downwards: the lateral semicircular canal 
( black arrowhead ), the tympanic facial nerve ( short white 
arrow ), the oval window ( long white arrow ), the round 
window ( black arrow ), promontory ( white arrowhead ), 
 EAC  external auditory canal       
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    2.6.2.1   Tensor Tympanic Muscle Bony 
Canal and the Cochleariform 
Process 

 The semicanal of the tensor tympani muscle 
(semicanalis m. tensoris tympani) is cylindrical 
and extends from the protympanum on to the 
labyrinthine wall of the tympanic cavity and ends 
immediately in front of the oval window niche. 

 The medial wall of the tympanic cavity is 
marked by a slightly curved bone protruding late-
rally called the cochleariform process which is 
situated anterosuperior to the oval window and 
just inferior to the tympanic segment of the facial 
nerve. It represents the posterior end of the bony 
canal of the TTM. This curved projection of bone 
is concave anteriorly, and it houses the tendon of 
the tensor tympani muscle. The tendon turns lat-
erally and attaches at the medial aspect of the 
handle of the malleus.   

    2.6.2.2   Facial Nerve Canal 
 The prominence of facial nerve canal is an impor-
tant anatomical structure present in the upper part 
of the medial wall of the mesotympanum. This 
nerve canal runs obliquely above the promontory 
and above the oval window in an anteroposterior 
direction from above the cochleariform process 
anteriorly down below and medial to the dome of 
the lateral semicircular canal. It presents its sec-
ond genu at the turning point between the hori-
zontal tympanic portion and the vertically 
descending mastoid portion in the posterior wall 
of the tympanic cavity. 

 In the medial wall the bony canal of VII could 
be dehiscent to leave the VII only covered with a 
submucosa or even prolapsing lying over the oval 
window (see Chap.   6    ). This situation is highly at 
risk during middle ear surgery. Even infections of 
the middle ear mucosa can cause facial nerve 
palsy in patients with an exposed facial nerve 
(Figs.  2.31  and  2.32 ).  

    2.6.2.3   Lateral Semicircular Canal 
 The region above the level of the facial nerve 
canal forms the medial wall of the attic. The 
dome of the lateral semicircular canal extends a 
little lateral to the facial canal and is the most 

  Fig. 2.32    Endoscopic view 
of a right middle ear through 
a posterior tympanotomy 
showing the tympanic 
segment of the facial nerve 
( VII ) and its relationship with 
the cochleariform process (*) 
and stapes ( S ).  TTM  tensor 
tympani muscle,  TTT  tensor 
tympani tendon,  P  promon-
tory,  ET  Eustachian tube,  M  
malleus       

Surgical Pearl

The cochleariform process is a highly 
important anatomical and surgical landmark 
to identify the facial nerve and the oval win-
dow in invasive pathologies (Fig.  2.32 ). 

 

http://dx.doi.org/10.1007/978-3-642-36967-4_6
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  Fig. 2.33    Medial wall of the 
attic.  LSCC  lateral semicir-
cular canal,  VII  facial nerve, 
 M  malleus,  PIL  posterior 
incudal ligament,  SIL  
superior incudal ligament, 
 SML  superior malleal 
ligament, * incudal fossa       

prominent structure of the posterior portion of 
the epitympanum (Figs.  2.31  and  2.33  ).   

    2.6.2.4   The Cochlear Promontory 
 The promontory is a prominent eminence occu-
pying most of the central portion of the medial 
wall of the middle ear and lodges between the 
oval and round windows. This projection repre-
sents the underlying basal turn of the cochlea 
(Fig.  2.34a ).  

 The promontory surface is grooved to accom-
modate the branches of the tympanic plexus 
(Jacobson’s nerve), which enters the temporal 
bone through the tympanic canaliculus, just ante-
rior to the jugular foramen.   

Surgical Pearl

The basal turn of the human cochlea is a 
bony canal. The least covered portion is 
located behind the apex of the promontory. 
The lower half of the basal turn of the cochlea 
can be approached from the facial recess or 
external auditory canal during cochlear 
implantation. The second and third turn of 
the cochlea are also approachable from the 
tympanic cavity; nevertheless, to be able to 
reveal the second and third turns fully, the 
tensor tympani muscle and the semicanal 
must be completely removed (Fig.  2.34 ).
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    2.6.2.5   The Oval Window Niche 
 The oval window niche (fenestra vestibuli) is 
located in the medial wall of the posterior part 
of the mesotympanum behind and above the 
promontory inferior to the facial nerve canal. 

 The oval window niche is limited anteriorly 
and superiorly by the cochleariform process and 
posteriorly by the ponticulus, sinus tympani, 
and pyramidal eminence. It is situated in a 
depression called the fossula vestibuli where its 
depth depends on the facial nerve position and 
the variable prominence of the promontory 
(Fig.  2.30 ). 

 It is a kidney-shaped opening leading to the 
vestibule of the inner ear. The long diameter of 
the oval window is horizontal and its convex bor-
der is directed upward. It is closed by the foot-
plate of the stapes which is rounded by the annular 
ligament. The dimensions of the oval window 
average 3.25 mm long and 1.75 mm wide. 

      Fissula Ante Fenestram 
 The  fi ssula ante fenestram is considered as an 
appendage of the perilymphatic labyrinth; it is 
a strip of periotic connective tissue extending 
from the vestibule just anterior to the oval win-
dow through an irregular still-like space in the 
bony otic capsule to join the mucoperiosteum 
of the tympanic cavity below the pulley of the 
tensor tympani muscle. Usually it is obliter-
ated by  fi brous tissue and immature cartilage 
(Fig.  2.35 ).   

      Fissula Post Fenestram 
 This is an evagination of the periotic tissue into 
the otic capsule just posterior to the oval window 
at a point about one third of the way between the 
window and the non-ampullated end of the lateral 
semicircular canal.    

a b c

  Fig. 2.34       Transversal computed tomography of a right 
ear. The medial wall of the middle ear in relation to ( a ) the 
basal turn of the cochlea ( arrowheads ). ( b ) The second 
turn of the cochlea ( black arrows ), the tensor tympani 

muscle ( white arrowhead ), the cochleariform process 
( white arrow ). ( c ) The highest level of the cochlea ( arrow ), 
facial nerve ( arrowhead )       

  Fig. 2.35    Transversal computed tomography showing 
the normal appearance of the  fi ssula ante fenestram ( white 
arrow ) in a child       

Clinical Application

In cases of otosclerosis, the oval window 
can be the site of different degrees of inva-
sion, ranging from a typical focal anteroin-
ferior thickening to a complete obliteration 
(Fig.  2.36 ). 
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    2.6.2.6   The Round Window 
 The round window is the second opening of the 
labyrinth to the middle ear. The round window 
niche is located in the posteroinferior aspect of 
the promontory in the medial wall of the tym-
panic cavity. The round window niche is closed 
by the round window membrane. 

 The round window niche is never more than 
2 mm from the inferior margin of the oval window 
and is separated from the promontory by the subi-
culum. The round window niche varies in depth up 
to approximately 1 mm and is usually triangular in 
shape, having anterior, posterosuperior and pos-
teroinferior walls  [  45–  50  ]  (Figs.  2.30  and  2.31 ). 

 The posterosuperior and posteroinferior walls 
meet posteriorly leading to the sinus tympani 
(Fig.  2.30 ). The anterior and posteroinferior margin 
of the round window overlies a crest ( crista fenestra ), 
which projects a mean distance of 0.2 mm; it must be 
drilled away during cochlear implantation to insure 
a good exposure and to allow the electrode to pass 
tangentially along the basal turn of the cochlea  [  49  ] .  

 Near the round window, the cochlear aqueduct 
connects the scala tympani (perilymph) with the 
subarachnoid space CSF. 

 Large hypotympanic cells of the hypotympa-
num border inferiorly the round window niche. 
These prominent cells must not to be mistaken 
as the round window niche, especially during 
cochlear implant surgery.  

      Round Window Membrane 
 The round window membrane lies in the round win-
dow niche obscured to a variable degree by a bony 
overhang, which extends over the membrane ante-
riorly and superiorly for a distance of up to 1 mm 
 [  49,   50  ] . The round window membrane is placed at 
a right angle to the plane of the footplate.  

a b c

  Fig. 2.36    Transversal computed tomography of left ears: 
( a ) normal thin aspect of the footplate ( black arrow ), very 
small prevestibular otospongiotic focus ( white arrow ); 

( b ) moderate otosclerotic footplate thickening ( black 
arrow ) with a large prevestibular focus ( white arrow ); ( c ) 
obliterating footplate otosclerosis ( black arrow )       

Surgical Application

The ampulla of the  posterior semicircular 
canal is the closest vestibular structure to 
the round window. The nerve supplying 
this ampulla,  singular nerve , lies close to 
the round window niche. The round win-
dow forms a landmark for the position 
of the singular nerve. The singular canal 

Clinical Implication

The round window is the second most com-
mon site of otosclerosis. Round window 
involvement varies from mild involvement 
of the edge to a complete obliteration of the 
niche. Round window involvement could 
be diagnosed and staged by HRCT scan 
with thin cuts and classifi ed from RW1 to 
RW5  [  50  ]  (Fig   .  2.37 ). 

that contains the nerve lies immediately 
inferior to the posterior attachment of the 
round window membrane.
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 The mean horizontal diameter of the round 
window membrane is 1.35 mm and the vertical 
diameter 1.79 mm  [  46–  50  ] . The membrane does 
not lie at the end of the scala tympani but forms 
part of its  fl oor. The hook region of the basal turn 
of the cochlea is a cul-de-sac lying posterior to 
the round window. 

 The thickness of the normal human RWM is 
60–70  m m  [  51  ] . The ultrastructure of the RWM 

consists of an outer epithelium of low cuboidal 
cells lining the middle ear, an inner epithelium of 
squamous cells bordering the inner ear, and a 
layer of connective tissue between the epithelial 
layers. The connective tissue layer consists of 
 fi broblasts, collagen, and elastic  fi bers. 

 The membrane has several functions  [  52  ] : It 
releases mechanical energy to the labyrinthine 
 fl uids, permitting movement of the inner ear 

Inner ear

Incus
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VII
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  Fig. 2.38    Schematic drawing showing the round window 
( RW ) with its false membrane ( 1 ) and true membrane ( 2 ). 
 S  stapes,  TM  tympanic membrane,  FP  footplate,  CT  
chorda tympani        

a b c

  Fig. 2.37    Computed tomography in the transversal plan of 
right ears showing ( a ) normal round window membrane 
( between the small black arrows ), very thin limit between 
the air fi lled round window recess ( arrowhead ) and the 
endolymph in the scala tympani of the basal turn of the 
cochlea (*) ( b ) otosclerotic foci on the promontory ( white 

arrow ) and of the round window ( black arrow ), presence of 
air in round window recess ( arrowhead ), but separated 
from the scala tympani (*) by the otosclerotic focus: RW3 
( c ) Condensation of the round window membrane ( black 
arrow ), scala tympani (*), complete obliteration of the 
round window recess ( arrowhead ): RW4       

Clinical Application

The promontory covers completely the 
round window membrane which is ori-
ented inferiorly and posteriorly. Therefore, 
in a transcanal approach, it is impossible 
to see the membrane per se directly. The 
correct assessment of a diseased round 
window membrane such as in otosclerosis 
with its different stages or an invasive tym-
panosclerosis is only possible with thin-
cut computed tomography  [  50  ] . In addition 
a good access to the membrane requires 
surgical removal of the superior overhang 
of the niche. Moreover, some strands 
draped over the RW niche, remnants of 
embryonic connective  tissue, render the 
RW membrane dif fi cult to be seen 
(Fig.  2.38 ). 

 

 



47References   

 fl uids associated with the movements of the sta-
pedial footplate; thus, patency of the niche is 
essential for ef fi cient acoustic transmission; it 
can serve as an alternative route for sound energy 
to enter the cochlea.          
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 Traditionally, the ossicular chain is considered 
as the essential content of the middle ear. It is 
suspended inside the cavity by ligaments and 
muscles, which will be addressed in their embry-
ological development and their anatomical details 
in this chapter. 

 Nowadays, it is admitted in middle ear 
mechanics that the most important content of the 
middle ear to assure a normal sound transmis-
sion, in addition to the ossicular chain, is gas 
(air). 

 The tympanic cavity contains an average of 
2 cc of air. The minimal volume of air necessary 
for a normal function of the middle ear is at least 
0.5 cc. Air transmits the sound wave from outside 
to the tympanic membrane and inside the middle 
ear, air serves as an insulator. When air of the 
middle ear is replaced by an effusion, hearing 
loss will result due to the reduction of pressure 
difference of the sound wave in between the oval 
window and the round window with an escape of 
sound energy to the surrounding bony structures. 

 Furthermore, the middle ear cavity contains 
several mucosal folds that divide the middle ear 
cavity in different compartments and spaces. 
The folds and their openings de fi ne middle ear 
aeration pathways and play an important role in 
the evolution of some middle ear pathologies, 
such as in fl ammation or cholesteatoma. 

      Middle Ear Contents                
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    3.1   The Auditory Ossicles    

 The auditory ossicles are the  malleus ,  incus , and 
 stapes ; they are named after the objects they 
resemble (hammer, anvil, and stirrup). The ossi-
cles are suspended in the middle ear cavity by 
numerous  suspensory ligaments,  and they are 
covered by the mucous membrane of the middle 
ear cavity. The auditory ossicles form the ossicu-
lar chain which is responsible for transmission of 
sound-induced vibrations of the tympanic mem-
brane to the oval window. This system is the cor-
nerstone of middle ear mechanics. 

    3.1.1   Embryology of the Auditory 
Ossicles 

 The ossicles, muscles, and tendons of the middle 
ear are formed from the mesenchyme of the mid-
dle ear and are covered by the epithelial lining of 
the  fi rst pharyngeal pouch  [  1  ] . 

 The mesenchyme forming the ossicles is 
derived from neural crest cells present in the  fi rst 
and second branchial arches. These cells migrate 
to the branchial arch from the dorsal part of the 

developing neural tube during the fourth week of 
gestation  [  2  ] . 

 There is controversy about the contribution of 
each arch to ossicular formation; there are two 
main theories regarding this subject:

    • The classical theory:  postulates that the incus 
and the malleus are derived from Meckel’s 
cartilage of the  fi rst branchial arch; the stapes 
is derived from Reichert’s cartilage of the 
 second branchial arch  [  3–  7  ] .  
   • The alternative theory : proposes that the head 
of the malleus and the body of the incus origi-
nate from the  fi rst arch, while the handle of the 
malleus, the long process of the incus, and 
most of the stapes originate from the second 
arch (Fig.  3.1 )  [  8–  13  ] .     
 In both theories, the labyrinthine side of the 

footplate was considered to originate from the 
mesenchyme of the otic capsule. However, some 
normal and teratologic observations in the litera-
ture support the idea that the stapes could entirely 
derive from the Reichert’s cartilage without any 
contribution of the otic capsule  [  14–  16  ] . 

 Ossicular development in the human embryo 
starts at the fourth week of gestation as an 
 interbranchial mesenchymal bridge connecting 
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the mesenchyme of the upper part of the  fi rst 
branchial arch and the central part of the second 
branchial arch. This condensed mesenchyme 
gives rise to the primordial malleus and incus 
 [  12,   17,   18  ] . This mesenchymal mass is crossed 
by the chorda tympani that divides it in two parts: 
the malleal primordium laterally and the incudal 
primordium medially (Fig.  3.2 ). This common 
rudiment keeps connection with the Reichert’s 
cartilage, supporting the “alternative” theory in 
that all of the stapes blastema derives from the 
second arch mesenchyme.  

 During the sixth week, a precartilage forms in 
the future ossicles. A rapid transformation into 
true cartilage occurs during the seventh week. By 
the end of the eighth week, the cartilaginous mal-
leus resembles adult ones. Thereafter, progres-
sive and extensive ossicular growth occurs and, 
by the 20th week, the ossicles reach adult size 
and have begun to ossify. 

 Ossi fi cation of the incus takes place slightly 
earlier than that of the malleus. In the 25th to 
26th week, both the incus and malleus are fully 
ossi fi ed with the exception of the distal extremity 
of the malleus handle. Meanwhile, the pneumati-
zation process of the tympanic cavity extends 
into the epitympanum and antrum, making the 
ossicles free only tethered to the tympanic cavity 
in a mesentery-like fashion. 

     3.1.1.1   Stapes Development 
 The stapes, the  fi rst ossicle to appear, develops 
from an independent anlage derived from the cra-
nial end of the cartilage of the second branchial 
arch (Fig.  3.1 ). The stapedial anlage connects to the 
remaining Reichert’s cartilage by a formation called 
the interhyale; the internal part of the interhyale 
gives rise to the tendon of the stapedial muscle. 

 The stapedial anlage will be crossed by the 
stapedial artery during embryonic period, giving 
the stapes its characteristic ring shape (Fig.  3.3 ).  

      Footplate Development 
 There are two theories regarding the origin of 
stapedial footplate. Despite the fact that there 
are several differences between both theories, 
it is accorded that footplate development is 
characterized by a progressive replacement of 

  Fig. 3.2    13-mm human 
embryo. The common 
blastema of the handle of the 
malleus and the long crus of 
the incus (the  two arrows ) 
crossed by the chorda 
tympani (*).  TR  tubotym-
panic recess of the  fi rst 
branchial pouch,  G   fi rst 
ectodermal groove,  VII  facial 
nerve in the second branchial 
arch. Hematoxylin-eosin 
staining       

 Clinical Application 
 Before birth, the ossicles have achieved 
adult size and shape. The endochondral 
bone of the ossicles, similar to that of the 
otic capsule, undergoes only little changes 
over lifetime of the  individual and demon-
strates poor reparative capacity in response 
to fractures.

 



52 3 Middle Ear Contents

 undifferentiated mesenchyme by chondroblasts, 
and differ en tiation of the peripheral mesenchyme 
into the annular ligament around the presump-
tive footplate, as demonstrated by Jacksoll in the 
chick embryo  [  19  ]  (Fig.  3.4 ). 

    • Classical theory of footplate origin  
 The classical theory presumes that the foot-
plate has two origins: the tympanic side 
derived from the stapedial ring and the 
 vestibular side derived from the lamina stape-
dialis of the otic capsule  [  16  ] . The medial bor-
der of the stapedial ring comes in contact with 
a facing depression in the lateral wall of the 
otic capsule. This depression, called the  lam-
ina stapedialis , is the future oval window. The 
medial border of the stapedial ring fuses with 
the lamina stapedialis to form the stapedial 
footplate (Fig.  3.5 ).   
   • Alternative theory of footplate origin  
 According to this theory, the otic capsule is 
not involved in the formation of the base of the 
stapes and the entire stapes derives from the 
stapedial anlage of the Reichert’s cartilage 
 [  14,   15,   19,   20  ]  (Fig.  3.6 ).      

      Annular Ligament 
 At the beginning, the footplate is attached to the 
otic capsule by a band of mesenchyme that later 
transforms into the annular ligament, once the 

footplate reaches adult size  [  19,   20  ] . The stape-
diovestibular joint, stapes and the inner ear being 
decoupled, shows its de fi nitive characteristics at 
12th week (Figs.  3.4  and  3.5 ).  

      Stapes Ossi fi cation 
 Stapes endochondral ossi fi cation starts at the end 
of the fourth month from a single ossi fi cation 
center present at the center of the footplate. The 
ossi fi cation extends to the two branches and then 
to the head of the stapes  [  21  ] .    

    3.1.1.2   Incus Development 
 The incus is the second ossicle to appear, but 
the  fi rst to be ossi fi ed. The body of the incus 
derives from the cranial part of the Meckel’s 

  Fig. 3.3    13-mm human 
embryo section showing the 
stapedial (*) rudiment 
crossed by the stapedial 
artery ( arrow ). Hematoxylin-
eosin staining       

 Clinical Application

 Congenital stapes anomalies are sometimes 
related to an aberrant facial nerve develop-
ment. During the crucial time period of 
sixth week, anterior displacement of the 
second genu region of the facial nerve hin-
ders the normal fusion of the stapedial ring 
with the lamina stapedialis, resulting in a 
malformed stapes in conjunction with 
anomalous facial nerve trajectory.
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cartilage. The long process of the incus derives 
from Reichert’s cartilage (Figs.  3.1  and  3.7 ). 
Endochondral ossi fi ca tion starts at the beginning 
of the fourth gestational month from the anterior 
face of the long process and ends at the sixth 
month reaching adult size.    

    3.1.1.3   Malleus Development 
 The head of the malleus (Figs.  3.1 ,  3.7 , and  3.8 ) 
appears as a mass connected to the cranial end of 
the Meckel’s cartilage. This connection disap-
pears later to be replaced by the anterior process 
of the malleus and anterior malleal ligament. The 
anterior process, which can be up to 10 mm in 
neonates, remains in the adult malleus only as a 
small prominence. A lack of bony involution can 
keep the malleus  fi xed at the petrotympanic 
 fi ssure  [  24  ] .  

 The handle of the malleus has close relation-
ships with the long process of the incus in a blast-
ema originally connected to the Reichert’s cartilage. 
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  Fig. 3.4    Footplate develop-
ment in the bird (According 
to Jaskoll 1980  [  19  ] . ( a )–( f ): 
Successive stages of 
development of the footplate 
and related structures. This 
material is reproduced with 
permission of John Wiley & 
Sons, Inc.). Chondroblasts of 
the otic capsule and stapes 
are initially separated by 
undifferentiated mesenchyme. 
This mesenchyme progres-
sively disappears and 
becomes present in the 
“isthmus” ( arrows ) in which 
will develop the annular 
ligament.  FP  footplate,  AL  
annular ligament,  OC  otic 
capsule       

 Clinical Application 
Congenital absence of the long process of 
the incus results in a near-maximal con-
ductive  hearing loss  [  22,   23  ] .
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Failure of resorption of this connection with 
Reichert’s cartilage leads to formation of malleus 
handle bony bar (see Sect.  3.1.1.4 ). Later, the han-
dle of malleus becomes inserted in the tympanic 
membrane rudiment. 

 This different origin of the head and of the 
handle of the malleus explains why in aural atre-
sia the head of the malleus is present while the 
handle is missing. Malleus ossi fi cation ends by 
the sixth month  [  25  ] .  

Lamina
stapedialis Mesenchymal Stapedial ring

with stapedial artery inside

Mesenchyma

Fusion of the
stapedial ring
with the lamina
stapedialis

Cartilage

Bone

Stapedial
blastema

Mesenchymal Otic Capsule

cartilaginous Otic Capsule

Persistance of
mesenchyme around
lamina stapedialis

differentiation of
mesenchyme into
annular ligament

ossification of the otic
capsule and stapes with
persistance of cartilage
in the region of fissula
ante fenestrum.
disappearance of
stapedial artery

cartilaginous
stapedial ring

  Fig. 3.5    Stapes development according to the classical theory       

    Congenital Ossicular Malformations

Congenital ossicular malformations could 
be associated with aural atresia and micro-
tia, or it could be isolated without external 
ear anomaly as in minor ear atresia. 
Ossicular anomalies in minor atresia are 
subdivided into incudomalleal  fi xation, 
 stapes  fi xation, and incudostapedial discon-
nection  [  26  ] . Incudomalleal  fi xations are 

the least common, where the malleus head 
and incus body are usually fused or  fi xed to 
the epitympanic walls  [  27  ] . Triple ossicular 
malformations are rare and could be asso-
ciated with inner ear anomalies  [  28  ] .

     Malleus Congenital Anomalies 

 The incidence of malleus anomalies is 
lower than anomalies of the incus or stapes. 
Hypoplasia or aplasia of the malleus results 
from a failure of embryogenesis between 
7th and 25th week. Given the common pha-
ryngeal arch origin, hypoplasia of the mal-
leus is often associated with hypoplasia of 
the incus  [  22  ] . 

 Epitympanic  fi xation of the head of mal-
leus is by far the most congenital anomaly 
of the malleus. This anomaly is related to 
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           3.1.2   Anatomy of the Auditory 
Ossicles 

    3.1.2.1   The Malleus 
 The malleus is shaped like a hammer and is the 
largest of the three middle ear ossicles. It is 
8–9 mm in length and weighs about 20–25 mg. It 
consists of a head, neck, handle, and two pro-
cesses arising from below the neck (Fig.  3.11 ).  

      The Malleus Head 
 The malleus head lies in the attic region of the 
middle ear and is 2.5 by 2 mm in size. On its 
 posteromedial surface, there is an elongated sad-
dle-shaped facet to articulate with the incus. This 
facet is covered by an articular cartilage.   

  Fig. 3.6    E16 mouse embryo whose mother received a 
teratogen molecule (methyl triazene) disturbing ossicles 
formation. A complete stapes develops independently 
from the otic capsule ( arrow ). In front of the stapes, we 
observe a narrowing of the otic capsule cartilage. Toluidine 
blue staining at pH2       

an incomplete pneumatization of the epi-
tympanum during malleus head ossi fi cation. 
Temporal bone exploration in these patients 
reveals bony bridges between the head of 
the malleus and the lateral epitympanum in 
the majority of cases  [  24,   27  ]  (Fig.  3.9 ).  

  Malleus bar  is a persistent bony bridge 
that connects the malleus handle to the pos-
terior tympanic wall  [  29,   30  ] . 

     Incus Congenital Anomalies 

 Hypoplasia or aplasia of the incus typically 
occurs in conjunction with hypoplasia of 
the  malleus but may occur in isolation. 
The incus is also susceptible to  fi xation to 
the epitympanum (Fig.  3.9 ). Congenital 
absence of the long process of the incus 
might be associated with aplasia of the sta-
pes and of the handle of malleus, support-
ing the hypothesis of their common origin 
 [  22,   23  ]  (Fig.  3.10 ).  

     Stapes Congenital Anomalies 

 Congenital stapes footplate  fi xation is the 
most common isolated ossicular anomaly, 
approximately 40 % of all congenital ossic-
ular  malformations. It is thought to result 
from ossi fi cation of the peripheral mesen-
chyme of the footplate instead of differen-
tiating into the annular ligament  [  31  ] . 

 Although aplasia of the stapes is rare, 
multiple forms of hypoplasia that include 
small or absent crura and blob-like stapes 
have been described. In contrast, isolated 
hyperplasia of the stapes is often an inci-
dental  fi nding that does not require ther-
apy; this anomaly is thought to result from 
a failure of the resorption and remodeling 
that occurs during the  fi nal stages of sta-
pes development. Several crural anoma-
lies have been described, including thin, 
absent, fused, and angled crura. The crura 
may also be replaced with a columella-like 

structure. Congenital stapes disorders are 
often related to aberrant facial nerve devel-
opment  [  10,   22,   32  ] . 
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  Fig. 3.8    Coronal section of a 
19-mm human embryo 
revealing the coalescence of 
the handle of malleus ( Ha ) 
and the head of malleus ( He ). 
The handle projects between 
the  fi rst ectodermal groove 
( G ) and the  fi rst endodermal 
pouch ( TR ). At this stage, the 
ossicles are cartilaginous. 
Hematoxylin-eosin staining       

ba

  Fig. 3.9    ( a ) Transversal 
computed tomography of a 
right ear: bony bridge 
( arrow ) between the malleus 
head and the tegmen. 
( b ) Transversal computed 
tomography of a left ear 
with  fi xation of the incus 
on the medial attic wall 
( black arrow ), malleus 
head ( white arrow )       

*

  Fig. 3.7    Sagittal section 
of E17 mouse embryo 
 displaying the cartilaginous 
malleus ( M ), incus ( I ), 
and stapes ( S ) in close 
relationship with the otic 
capsule ( O ). The incudomal-
lear joint is just forming (*). 
Toluidine blue staining at 
pH4       
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      The Neck 
 The neck is a narrow and  fl attened portion. The 
tendon of the tensor tympani muscle inserts on its 
medial surface, and the chorda tympani crosses 
its medial surface above the insertion of this ten-
don. Its lateral surface forms the medial wall of 
the Prussak’s space.  

      The Manubrium (The Handle) 
 The handle forms with the malleus head a supero-
posteriorly open angle of 135–140°. It runs 
downwards, medially, and slightly backwards 
between the mucous and  fi brous layers of the 
tympanic membrane. The inferior end of the han-
dle is  fl attened and  fi rmly attached to the tym-
panic membrane as the pars propria splits to 
envelop it forming the  umbo . 

 In surgical procedures, the tympanic mem-
brane can be readily separated from the mal-
leus except at the umbo. At the level of the 
umbo, the periosteum of the handle continues 
directly with the  fi brous layer. Midway between 
the lateral process and the umbo, the handle 
has a gentle medial curvature. At this level the 
handle is not embedded in the tympanic 

 membrane, rather it is linked to the tympanic 
membrane by a mucosal fold, the  plica mal-
learis . A prosthesis clamped to the manubrium 

  Fig. 3.10    Computed tomography of a left ear with apla-
sia of stapes suprastructure and the long process of the 
incus.  M  malleus; stapes footplate ( arrow )       
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  Fig. 3.11    Schematic drawing of the malleus       

  Fig. 3.12    Attical tympanosclerosis of a left ear, com-
puted tomographic coronal reconstruction showing 
calci fi cations (tympanosclerosis,  arrows ), surrounding 
and fi xing the malleus to the tegmen       

 Malleus Head Fixation : Malleus head 
 fi xation is not an uncommon pathology. It 
may be a congenital anomaly (Fig.  3.9 ) or 
acquired anomaly as in tympanosclerosis 
(Fig.  3.12 ). Clinically it manifests as a 
15–25-dB conductive hearing loss  [  33  ] . 
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in this area may have little or no contact with 
the pars propria of the normal tympanic mem-
brane and therefore present a very low risk of 
extrusion (Fig.  3.13 ).  

        Malleus Processes 
 The malleus has two processes located at the 
union of the neck and the malleus handle.

    • The lateral process  
 The lateral process is a small conical eminence 
of 1 mm. It protrudes laterally to the side of 
the tympanic membrane and gives attachment 
to the anterior and posterior tympano-malleal 
ligaments.  
  The anterior process ( • processus gracilis ) 
 The anterior process is a 3–5-mm long thin 
bony spine which extends from the neck of the 
malleus into the petrotympanic Glaserian 
 fi ssure. On its medial aspect runs the chorda 
tympani nerve to enter anteriorly the petro-
tympanic  fi ssure. It gives origin to the anterior 
malleal ligament, which also traverses the 
petrotympanic  fi ssure to reach the angular 
spine of the sphenoid bone. An extremely long 
anterior process extending into the petrotym-
panic  fi ssure may hinder the free movement of 
the malleus, with little impact on hearing, 
about 5-dB hearing loss.     

      Malleus Ligaments (Fig.  3.14 )    
 The malleus is stabilized in place by  fi ve liga-
ments, one articulation, one tendon, and the tym-
panic membrane. Three of the  fi ve ligaments are 
outside the axis of rotation: they offer only a sus-
pensory function. They are:

    • The anterior suspensory ligament  ( ASL ) lies 
superior to the anterior malleal ligament and 
attaches the head of the malleus to the anterior 
wall of the epitympanum.  
   • The lateral suspensory ligament  ( LSL ) attaches 
the neck of the malleus to the bony margins of 
the tympanic notch (the notch of Rivinus) and 
forms the superior wall of the Prussak’s space.  
   • The superior suspensory ligament  ( SSL ) 
bridges the gap between the head of the mal-
leus and the tegmen of the epitympanum and 
carries the superior tympanic artery branch of 
the middle meningeal artery. 
 These three ligaments apparently do not inter-
fere with sound transmission because of the 
small movements of the ossicles at their points 
of attachment. The suspensory ligaments do 
not play a role in middle ear mechanics.  
   • The anterior malleal ligament  ( AML ) together 
with the posterior incudal ligament serves to 
establish the axis of rotation of the ossicles. 
The anterior malleal ligament must not be 

  Fig. 3.13    Posterior view of a right middle ear cavity. The 
inferior end of the handle ( Ha ) is  fi rmly attached to the 
tympanic membrane ( TM ) forming the umbo ( white 
arrow ). Relation of the middle part of the handle and the 
lamina propria of the tympanic membrane ( black arrow ). 
P lica mallearis  (*).  LPI  long process of the incus,  S  sta-
pes,  N  neck of the malleus,  He  head of the malleus,  VII  
facial nerve,  TTM  tensor tympani muscle,  T  tensor tym-
pani tendon       

 Clinical Application

 Usually the handle lies midway between the 
anterior and posterior borders of the tym-
panic membrane, but may occupy a more 
anterior  position. Surgical procedures on 
the tympanic membrane are especially 
dif fi cult when an anteriorly located malleus 
is associated with bulging of the anterior 
canal wall. Rarely, the malleus handle is 
 fi xed to the posterior tympanic wall by a 
bony bar, a  malleus bar   [  29,   30,   32  ] .
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 confused with the anterior suspensory liga-
ment of the malleus. The anterior malleal 
ligament extends from the angular spine of 
the sphenoid bone, passes through the petro-
tympanic  fi ssure, accompanied by the anterior 
tympanic artery, and inserts on the neck of the 
malleus at the base of the anterior process of 
the malleus.  

   • The posterior malleal ligament  ( PML ) extends 
from the neck of the malleus to the posterior 
tympanic spine.      

    3.1.2.2   The Incus (Fig.  3.15 )    
 The incus measures about 5 by 7 mm and weighs 
about 30 mg. It has a trapezoidal body, short process, 
long process, and a rounded  lenticular process . 
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  Fig. 3.14    Schema showing malleal ligaments and tensor 
tympani muscle tendon ( TTM ).  SSL  superior suspensory 
ligament,  ASL  anterior suspensory ligament,  LSL  lateral 

suspensory ligament,  AML  anterior malleal ligament, 
 PML  posterior malleal ligament. The AML and PML in 
 blue color  represent the axis of rotation of the malleus       
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      Body of the Incus 
 The body of the incus is  fl at. Its anterior surface 
houses an elliptical articular surface to receive 
the head of the malleus. Both body of the incus 
and the head of the malleus are situated in the 
attic. Two spines arise from the lower posterior 
part of the body, the long and short processes. 
These two processes diverge from each other in a 
right angle:  

      Short Process of the Incus 
 The short process of the incus extends posteriorly 
from the body as a thick and triangular process; 
its major axis is horizontal. Its dorsal end lies on 
the incudal fossa situated in the  fl oor of the aditus 
ad antrum.  

      Long Process of the Incus 
 The long process or vertical process of the incus 
follows a direction similar to the handle of the 
malleus but in a more posterior and medial plane. 
Its caudal end forms a hook at a right angle to end 
up with the lenticular  process. The horizontal, 

cross-sectional con  fi guration of the long process 
of the incus is circular, in contrary to the ovoid 
shape of the manubrium of the malleus. The mean 
diameter of the distal extremity of the long 
 process is 0.63 mm  [  34  ] . 

 Because of its terminal and poor vasculariza-
tion, the long process of the incus is highly sus-
ceptible to osteitic resorption secondary to several 
conditions such adhesive otitis media or extremely 
tightened stapes prosthesis.  

      Lenticular Process 
 The lenticular process connects the long process 
of the incus to the head of the stapes. The 
 lenticular process consists of a narrow  bony pedi-
cle  and a  fl attened  distal plate.  

 The bony pedicle is surrounded by a joint 
 capsule of thick  fi bers. The mean diameter of the 
bony pedicle (0.26 mm) is less than half of the 
mean diameter of the distal long process (0.63 mm) 
and less than half of the mean diameter of the  distal 
plate (0.71 mm)  [  34  ] . The bony pedicle is  fl exible 
and plays a role in the  piston-like transmission of 
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  Fig. 3.15    Schematic drawing 
of the incus.  Pe  lenticular 
process pedicle,  Pl  lenticular 
process plate       
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the incus movement to the stapes, lateral to medial, 
by the rotation movement of the incus. All other 
movements are reduced by the bending of this 
pedicle before reaching the stapes  [  35  ] . 

        Ligaments of the Incus (Fig.  3.17 )    
 The incus has the least number of ligaments and 
is therefore more susceptible to traumatic dislo-
cation compared to other ossicles. Two ligaments 
stabilize the incus in place:

    • The posterior incudal ligament  ( PIL ) secures 
the short process in the incudal fossa.  
   • The superior incudal ligament  ( SIL ) descends 
from the tegmen to the incus body. It could be 
reduced to a single mucosal fold only.      

    3.1.2.3   The Stapes (Fig.  3.18 )    
 The stapes is the smallest bone of the human body; 
it is 3.25 mm high and 1.4 mm wide with a weight 
of 3–4 mg  [  39  ] . It is situated in an almost horizon-
tal plane between the lenticular process and the 
oval window and below the facial nerve canal. The 
stapes consists of a round head, a short neck, ante-
rior and posterior crura, and an oval footplate. 

      The Head 
 The head is the most lateral part of the stapes. It 
is cylindrical or discoid in shape and bears 
 laterally a glenoid cavity, the fovea, which cor-
responds to the articular surface of the lenticular 
process. Its medial end is constricted, forming 
the neck. Its anterior edge is smooth. Its posterior 
edge presents a small rough surface for the inser-
tion of the stapedial muscle tendon.   

      The Crura 
 The stapes presents two unequal crura: the poste-
rior and the anterior crura; the posterior crus is lon-
ger, thicker, and more curved than the anterior one. 
The relative thickness, the curvature, and the exca-
vation of the crura vary among individuals. The 
area delimited by the concave arches of the crura is 
the  obturator foramen , sometimes bridged by a veil 
of mucous membrane. The two crura could be very 
close to the walls of the niche of the oval window.   

  Fig. 3.16    Axial computed tomographic view of a right 
ear showing a necrosis of the long process secondary to 
chronic otits media: empty space between the intact 
stapes ( short arrow ) and the rest of the incus ( long 
arrow )       

     Clinical Application

  Chronic otitis media (COM) is the most 
common cause of ossi cular chain necrosis 
and concerns most frequently the long pro-
cess of the incus (Fig.  3.16 ). It is the most 
vulnerable part of the ossicles because of 
its poor blood supply  [  36–  38  ] . The malleus 
and the footplate are more resistant to 
necrosis  [  37,   38  ] . The blood  supply of the 
long process of the incus is provided by end 
vessels, which descend down along the long 
process of the incus. Persistent or repeated 
infection in some cases of COM, or pres-
sure from a severely retracted eardrum in 
chronic adhesive  otitis media, or over-
crimped stapes prosthesis, combined with 
the lack of collateral blood supply, is thought 
to be the cause of aseptic necrosis  [  36  ] .
 Occasionally dissolution is complete with 
total incudostapedial separation, but more 
frequently slow dissolution leads to replace-
ment of the bone by a  fi brous tissue  [  37,   38  ] .    

 Surgical Implication 
Partial ossicular replacement requires 
implants (PORP) which  fi t onto the head 
of the stapes alone, thus necessitating the 
knowledge of the dimensions of the stape-
dial head. The width of the stapes head is 
about 1–1.5 mm  [  39  ] .
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  Fig. 3.18    Schematic 
drawing of stapes in the oval 
window niche and its 
relationship with the 
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      The Footplate 
 The footplate is a thin and oval lamella of bone. 
Its length is about 3 mm; its width is about 
1.5 mm; its thickness is about 0.25 mm  [  40  ] . 

 The lateral or tympanic surface of the footplate 
is covered by mucoperiosteum of the middle ear; 
it is slightly twisted around its polar axis so that 
the anterior half looks to the  fl oor of the vestibule 
and the posterior part looks up to the tegmen. The 
distance from the long process of the incus to the 
tympanic surface of the footplate is about 4 mm. 

 The medial or vestibular surface of the foot-
plate is  fl at; it is lined by the endosteum of the 
otic capsule and is in close relation with the sac-
cule and utricle. The saccule is 1 mm deep from 
the anterior part of the vestibular surface of the 
footplate, and the utricle is at 1.5 mm deep from 
its posterior part (Fig.  3.18 ).   

      Annular Ligament 
 The annular ligament of the stapes is a ring of 
elastic  fi bers that attaches the cartilaginous  margin 
of the footplate to the border of the oval window. 
The  fi bers of the annular ligament fuse with the 
periosteum and endosteum all around the oval 
window borders. The ligament is thinner anteri-
orly than posteriorly and more mobile anteriorly 
 [  41  ] . Because of the differential thickness between 
its anterior and posterior aspects, the annular liga-
ment works as a hinge-like attachment of the sta-
pes into the oval window. This type of attachment 
allows a rocking oscillation of the footplate in the 
oval window, which is the essential movement for 
the transmission of high-frequency sounds. Low-
frequency sound transmission depends on piston-
like movements of the stapes that necessitates 
elasticity of the whole annular ligament.      

    3.2   Middle Ear Articulations 

    3.2.1   Embryology of Middle Ear 
Articulations 

    3.2.1.1   The Incudostapedial Joint 
 At the seventh to eighth week of gestation, the out-
lines of the lenticular process and of the  stapes head 
are separated by a condensed mesenchyme inter-
zone. After the 12th week of gestation,  cavitation 
phenomena begin in this interzone. The different 

 Surgical Implication 
During stapedectomy, it is safer to cut the 
posterior crus of the stapes rather than to 
fracture it because the later carries a risk of 
footplate luxation. This is not the case of 
the anterior crus which is thinner and can 
be safely fractured.

 Surgical Implication 
The stapedial footplate forms a link between 
the middle and the inner ear. During recon-
structive ear surgery, total ossicular replace-
ment prostheses (TORP) may be used to 
bridge the gap between the tympanic mem-
brane or the malleus and the stapes foot-
plate. The positioning of the TORP shaft on 
the footplate has a signi fi cant bearing on 
the eventual outcome of the surgery. From 
an anatomic point of view, anterior foot-
plate  location is preferable because the 
annular ligament is thinner and wider and 
thus the  footplate is more mobile  [  41  ] .

     Clinical Application

  Otosclerotic involvement of the anterior 
aspect of the annular ligament hinders the 
piston-like movement of the stapes rather 
than the rocking movement. This explains 
why in early stages of otosclerosis, there is 
only a low-frequency  conductive hearing loss. 
In addition, the posterior part of the annular 
ligament conserves its insulator capacity; this 
explains the on/off stapedial re fl ex phenom-
ena found in early otosclerosis. 
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cavitations consolidate then to form the incudosta-
pedial joint at the 16th week of gestation. 

 The primordium of the capsular ligament 
develops from the surface of the interzone by a 
condensation of the surrounding mesenchyme 
which forms a layer that is continued with the 
perichondrium of the ossicles  [  42  ] .  

    3.2.1.2   The Incudomalleal Joint 
 The incus and malleus, previously one collection 
of mesenchyme, separate with formation of the 
incudomalleal joint at eighth to ninth week by the 
same mechanism as the incudostapedial joint 
(Fig.  3.7 ). Failure of this step results in a fused 
malleus-incus mass that is commonly found in 
patients with aural atresia.   

    3.2.2   Anatomy of Middle Ear 
Articulations 

 Middle ear articulation surfaces are lined by 
 cartilage. Each articulation has a true capsule 

originating from the periosteum of the linked 
bones and lined by a synovial membrane. 

    3.2.2.1   The Incudomalleal Articulation 
 The head of the malleus articulates with the body 
of the incus in a diarthrodial joint in the attic 
(Fig.  3.19 ). The joint cavity is incompletely 
divided into two compartments by a wedge-
shaped articular disk or meniscus. The capsule is 
trilaminar with (1) the synovial membrane lining 
the cavity, (2) the mucous membrane of the mid-
dle ear, and (3) an intervening  fi brous layer.  

 Partial    subluxation of the incudomalleal joint, 
happening during middle ear surgery, usually heals 
without sequela. Complete luxation will not heal 
and ossicular reconstruction is recom mended.  

    3.2.2.2   The Incudostapedial Articulation 
(Figs.  3.19  and  3.20 )    

 The incudostapedial articulation is a synovial 
diarthrodial articulation; it joins the convex 

atticotomy

Malleus
neck

IMJ

ISJ

EAC

  Fig. 3.19    Left middle ear after large mastoidectomy and anterior and posterior tympanotomies, showing both incudo-
malleal joint ( IMJ ) and incudostapedial joint ( ISJ ).  EAC  external auditory canal       
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lenticular process of the incus and the concave 
surface of the head of the stapes. An interarticu-
lar cartilage is not usually present. This joint is 
fragile.   

      3.3   Middle Ear Muscles 

    3.3.1   Embryology of Middle 
Ear Muscles 

 The embryological origin of middle ear muscles 
follows the same patterns as the other muscles in 
the craniofacial area  [  43  ] . They develop from the 
paraxial mesoderm (mesenchyme) that migrates 
into the branchial arches. 

    3.3.1.1   Tensor Tympani Muscle 
 The tensor tympani muscle develops from 
the mesoderm of the  fi rst branchial arch. It is 
 innervated by a branch from the trigeminal nerve, 
the nerve of the  fi rst branchial arch.  

    3.3.1.2   Stapedial Muscle 
 The stapedial muscle starts to develop, at the 
ninth week, as a condensation of blastema cells 

     Clinical Implication

Ossicular  Chain Trauma (Fig.  3.21 )    
    Incudostapedial joint separation is the • 
most common ossicular injury in tem-
poral bone trauma.  
  Incudomalleal dislocation is the second • 
most common ossicular injury in tem-
poral bone trauma.  
  Fracture of the stapes superstructure is • 
the third most frequent ossicular injury 
in temporal bone trauma.  
  Fracture of the malleus is the least • 
common    

a b  Fig. 3.20    Computed 
tomography of the normal 
appearance of the incudomal-
leal joint. ( a ) In the transver-
sal view: continuity between 
the long process of the incus 
( arrowhead ) and the head of 
the stapes ( long arrow ). 
malleus handle ( short arrow ). 
( b ) Coronal reconstruction: 
continuity between the long 
process of the incus ( long 
arrow ) and the head of the 
stapes ( short arrow )       

a b  Fig. 3.21    Traumatic lesions 
of the ossicular chain. ( a ) The 
long process of the incus ( long 
arrow ) is displaced anteriorly 
to the stapes suprastructure 
( short arrow ) secondary to 
traumatic incudostapedial 
luxation. ( b ) Horizontal 
temporal bone fracture ( long 
arrows ) with incudomalleal 
joint interruption ( short 
arrow ) and luxation of 
malleus head anteriorly       
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in the mesenchyme of the interhyale (which con-
nects the stapedial anlage to the second bran-
chial arch) close to the facial nerve. The internal 
segment of the interhyale gives rise to the tendon 
of the stapedial muscle. Moreover, the interhy-
ale contributes to the development of the facial 
nerve canal, as well as the pyramidal eminence 
 [  44  ]  (see Fig.   2.14    ). The bone of the pyramidal 
eminence housing the muscle derives from the 
precartilaginous cells of the second branchial 
arch  [  45  ] .   

    3.3.2   Anatomy of the Middle 
Ear Muscles 

    3.3.2.1   The Tensor Tympani Muscle (TTM) 
 The TTM is fusiform in shape and is around 
20 mm in length. The intratympanic portion of 
this muscle is 2.5 mm long. It arises from the 
 cartilage of the Eustachian tube, from the walls of 
its enveloping bony semicanal, and from the adja-
cent portion of the greater wing of the sphenoid 
bone (Fig.  3.22 ). The  fi bers converge to form a 
central  fi brous core which, proceeding posteri-
orly, forms the tendon of the muscle. The most 
medial  fi bers of the tendon attach to the cochle-
ariform process, at which point the main body of 
the tendon turns laterally into the cavity to attach 
to the medial surface of the junction of the neck 
and the manubrium of the malleus (Fig.  3.23 ). It 
is innervated by the trigeminal nerve, via the 
nerve to the medial pterygoid muscle.   

 The function of the TTM is to draw the manu-
brium medially, thus tensing the tympanic mem-
brane and damping the movements of the 
ossicular chain  [  46,   47  ] .   

    3.3.2.2   Stapedial Muscle 
 The stapedial muscle is the smallest skeletal 
muscle in the body measuring only 1 mm. It 
lies in a bony cavity in the posterior wall of the 

In normal conditions, the pull of the TTM is 
opposed by the elasticity of the pars tensa of 
the tympanic membrane. In a  long-standing 
large perforation of the tympanic mem-
brane, the unopposed pull of the TTM 
causes a medial displacement of the infe-
rior end of the manubrium (malleus handle 
medialization).

  Fig. 3.23    Endoscopic view of a left middle ear showing 
the stapedial tendon ( s ) rising from the pyramidal process 
( p ), the tensor tympani muscle ( 1 ) turning around the 
cochleariform process (*) to give the tensor tympani ten-
don ( 2 ) that inserts on the neck of malleus ( M );  I  incus,  ET  
Eustachian tube       

  Fig. 3.22    Transversal computed tomography of a right 
ear, showing the tensor tympani muscle in its bony semi-
canal ( white arrows ), reaching the cochleariform process 
( black arrow ), where its tendon ( white arrowhead ) turns 
laterally to insert on the neck of the malleus       
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tympanic cavity to emerge from the pyramidal 
eminence. The  fi bers of this muscle converge 
into a tendon which variably attaches to the 
head and/or posterior crus of the stapes 
(Fig.  3.23 )  [  46,   47  ] . 

 The stapedial muscle is innervated by the sta-
pedial branch of the facial nerve. Its contraction 
provokes a tilting of the stapes by moving the ante-
rior border of the footplate laterally and the poste-
rior border medially. This tilting of the stapes 
stretches the annular ligament, thus  fi xing the 
footplate and damping its movements. It protects 
the inner ear from damage caused by loud noise. 
Lack of action of this muscle from nerve section or 
facial nerve palsy induces hyperacusis  [  46,   47  ] . 

        3.4   Middle Ear Nerves 

 The middle ear receives and transmits branches 
from the facial nerve, the glossopharyngeal nerve, 
and the sympathetic carotid plexus. The branches 
of the glossopharyngeal nerve and sympathetic 
carotid plexus contribute to the formation of an 
important middle ear neural plexus, the tympanic 
plexus. 

    3.4.1   Facial Nerve Branches 

 One branch of the facial nerve, the chorda tym-
pani, passes through the middle ear cavity in its 
route to the infratemporal fossa. This is a sensory 
and secretory-motor branch of the facial nerve. It 
enters the middle ear cavity through the  iter 
 chordae posterior . It runs across the medial sur-
face of the tympanic membrane lateral to the long 

process of the incus and passes medial to the 
upper portion of the handle of the malleus above 
the tendon of the TTM. It leaves the middle ear 
through the canal of Huguier placed within the 
petrotympanic  fi ssure. It joins the lingual branch 
of the mandibular nerve in the infratemporal 
fossa (see Sect.   6.2.3.7    ).  

    3.4.2   Tympanic Plexus 

 The tympanic plexus consists of a network of 
nerves lodged in small grooves on the cochlear 
promontory of the medial wall of the middle ear. 
It is formed by the tympanic nerve and two or 
three  fi laments from the carotid plexus. 

 The tympanic (Jacobson’s) nerve, carrying 
parasympathetic  fi ber, originates from the infe-
rior ganglion of the glossopharyngeal nerve. 
After entering the tympanic cavity through 
the medial hypotympanic  fi ssure, it branches 
repeatedly within shallow bony channels overly-
ing the promontory to form the tympanic plexus. 

 Two or three  fi laments, the caroticotympanic 
nerves, coming from the carotid plexus and 
 carrying sympathetic  fi bers join the tympanic 
plexus on the promontory (Fig.  3.24 ).  

 The tympanic plexus gives off:
      The lesser petrosal nerve  • 
      Branches to the tympanic cavity mucosa     • 

    3.4.2.1   The Lesser Super fi cial 
Petrosal Nerve 

 The lesser super fi cial petrosal nerve originates 
from the tympanic plexus at the level of the 
cochleariform process and leaves the middle ear 
through a small canal below the tensor tympani 
muscle (Fig.  3.24 ). It passes through the tempo-
ral bone to emerge on the  fl oor of the middle cra-
nial fossa lateral to the greater super fi cial 
petrosal nerve. It exits the middle cranial fossa 
through the foramen ovale together with the 
mandibular nerve to join the otic ganglion in the 
infratemporal fossa. From there, it passes in 
the auriculotemporal nerve to reach the parotid 
gland. 

 The lesser petrosal nerve carries preganglionic 
parasympathetic  fi bers of the glossopharyngeal 

 Surgical Application 
During microsurgical dissection around 
the stapes, for instance, a removal of the 
cholesteatoma matrix from the stapes, it 
is advisable to work parallel to the plane 
of the stapedial tendon, from posterior to 
anterior, so that the tendon prevents lux-
ation of the stapes.

http://dx.doi.org/10.1007/978-3-642-36967-4_6#Sec22
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nerve (IX) to the parotid gland via the otic gan-
glion. After synapsing in the otic ganglion, post-
ganglionic  fi bers supply secretory  fi bers to the 
parotid gland by the way of the auriculotemporal 
nerve.  

       3.5   Middle Ear Vessels 

    3.5.1   Embryology of Middle Ear 
Vessels (Fig.  3.26 )    

 During the 4th week of gestation, the  fi rst and 
second aortic arches begin to involute and they 
leave behind the mandibular and hyoid arteries, 
respectively. At the same time the third arch 
artery becomes the internal carotid artery. 

 During the 4th to 5th week of gestation, the 
ventral pharyngeal artery arises from the aortic 
sac. This artery supplies the bulk of the  fi rst two 
branchial bars and subsequently is involved in the 
formation of the stapedial and external carotid 
arteries. 

 During the 6th week, the stapedial artery arises 
as a small offshoot of the hyoid artery near its 
origin from the internal carotid artery. It extends 
cranially and passes through the stapes blastema 
to enter the mandibular bar (Fig.  3.3 ). The stape-
dial artery divides into two arteries: the maxillo-
mandibular artery and the supraorbital artery 
(which supplies the primitive orbit). The maxil-
lomandibular division of the stapedial artery joins 
the distal part of the ventral pharyngeal artery, the 
future external carotid artery  [  48  ] . 

 Over the 7th week, the two major divisions of 
the stapedial artery are annexed by the internal 
maxillary artery (from the external carotid artery) 
and the ophthalmic artery, respectively. The trunk 
of the maxillomandibular  division becomes the 
stem of the middle meningeal artery. As the sta-
pedial artery withers proximal to the stapes, its 
more distal stem becomes the superior tympanic 
branch of the adult middle meningeal artery. The 
hyoid artery, which gave rise to the stapedial 
artery, involutes to become a caroticotympanic 
branch of the internal carotid artery  [  48  ] .    

malleus

CT

ISJTympanic
plexus

TTM

  Fig. 3.24    Endoscopic view of a left middle ear showing 
the Jacobson nerve ( 1 ), the caroticotympanic nerve ( 2 ), 
and the lesser petrosal super fi cial nerve ( 3 ) passing out-
side the middle ear below the cochleariform process (*). 
 ISJ  incudostapedial joint,  CT  chorda tympani,  TTM  tensor 
tympani muscle       

     Clinical Application

  Tympanic paragangliomas are mostly 
small-sized tumors originating from the 
tympanic plexus of the middle ear. 

 Clinically, these tumors are sympto-
matic as pulsatile tinnitus and conductive 
hearing loss. Tympanic paragangliomas 
are diagnosed by careful otoscopic exami-
nation; they appear as a reddish retrotym-
panic mass behind a translucent tympanic 
membrane. 

 Frequently, it is impossible to visu-
alize the entire tumor clinically; thus, 
computed tomography (CT) or magnetic 
resonance imaging (MRI) scans are diag-
nostic (Fig.  3.25 ).  

     Persistent Stapedial Artery 

 Persistent stapedial artery is a rare vascular 
anomaly of the middle ear. The reported 
prevalence is of 0.5 % in cadaveric studies 
 [  49  ]  and less than the 0.02–0.05 % in 
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a b  Fig. 3.25    ( a ) Transversal 
computed tomography with an 
image of condensation 
( arrow )  fi lling the hypotympa-
num and covering the inferior 
half of the promontory. 
( b ) After i.v. injection of iodine 
contrast, this lesion shows the 
same contrast uptake ( white 
arrow ) as the sigmoid sinus 
( long black arrow ) and the 
internal carotid artery ( short 
black arrow ), confi rming a 
hypervascular lesion       
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  Fig. 3.26    Schema illustrating normal development of 
middle ear vessels. ( a ) Approximately 6 weeks. ( b ) 
Approximately 8 weeks. ( c ) Adult con fi guration.  BOS  
base of skull,  FH  facial hiatus,  SA  stapedial artery; blue 
disk: otic capsule;  HA  hyoid artery,  ICA  internal carotid 
artery,  FS  foramen spinosum,  VPA  ventral pharyngeal 

artery,  1  supraorbital artery,  2  maxillomandibular artery, 
 APA  ascending pharyngeal artery,  ITC  inferior tympanic 
canaliculus,  MMA  middle meningeal artery,  IMA  internal 
maxillary artery,  ECA  external carotid artery,  ITA  inferior 
tympanic artery,  CTA  caroticotympanic artery,  STA  supe-
rior tympanic artery,  S  stapes       

 surgical series  [  50,    51  ] . Usually, it is 
asymptomatic; sometimes, it may cause 
pulsatile tinnitus and hearing loss  [  52  ] . 

 Normally, the stapedial artery  atrophies 
by 3 months of fetal development; how-
ever, in very rare cases it may persist as a 
1.5- to 2.0-mm branch of the petrous 
internal carotid artery  [  52  ] . 

 A persistent stapedial artery arises from 
the petrous part of the internal carotid 
artery, enters the hypotympanum through 

the medial hypotympanic  fi ssure, crosses 
the cochlear promontory, and passes 
through the obturator foramen of the sta-
pes. It enters the Fallopian canal behind 
the cochleariform process and travels ante-
riorly with the greater super fi cial petrosal 
nerve to enter the middle cranial fossa 
through the facial hiatus where it ends up 
as the middle meningeal artery. In case 
of persistent stapedial artery, the foramen 
spinosum will be absent  [  53  ]  (Fig.  3.27 ).  
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    3.5.2   Anatomy of Middle Ear Vessels 
(Fig.  3.29 )    

 The blood supply of the middle ear and mastoid 
cavity originates from the internal and external 
carotid arteries. We recognize the following 
important feeding arteries of the middle ear: 

    3.5.2.1   The Anterior Tympanic Artery 
 The anterior tympanic artery is a terminal branch 
of the internal maxillary artery. It gives rise to an 
important branch, the ossicular branch, which 
provides the main blood supply for the malleus 
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  Fig. 3.27    Schema illustrating the development of persis-
tent stapedial artery (PSA). ( a ) Embryonic phase: failure 
of development of foramen spinosum (*) and communica-
tion between maxillomandibular branch ( 2 ) of stapedial 
artery ( SA ) and ventral pharyngeal artery ( VPA ). ( b ) Adult 
con fi guration of persistent stapedial artery.  BOS  base of 

skull,  FH  facial hiatus,  SA  stapedial artery,  HA  hyoid 
artery,  ICA  internal carotid artery,  APA  ascending pharyn-
geal artery,  ITC  inferior tympanic canaliculus,  MMA  mid-
dle meningeal artery,  IMA  internal maxillary artery,  ECA  
external carotid artery,  S  stapes       

     Aberrant Internal Carotid Artery 

 An aberrant internal carotid artery (ICA) is 
a variant of the ICA that passes through the 
middle ear; it appears as a white mass in the 
anteroinferior quadrant of the middle ear. 
Otologists should be aware of the possibility 
of an aberrant ICA when the patient presents 
with a retrotympanic mass. If mistaken for a 
tumor and biopsied, the results can be disas-
trous. Radiological investigation is required 
to make the differential diagnosis. A tem-
poral bone CT scan in patients with carotid 
agenesis shows the complete absence of 
carotid bony canal (see Sect.   2.4.1.1    ). 

 The most accepted theory of the etiol-
ogy of an aberrant internal carotid artery is 
the agenesis of the vertical internal carotid 
artery with compensatory vascular commu-
nication branches of the developing exter-
nal carotid artery system. The ascending 
pharyngeal artery gives rise to the  inferior 
 tympanic artery, which is the aberrant inter-
nal carotid artery; it then enters the middle 

ear through the inferior tympanic canalicu-
lus and after passing through the middle 
ear, it joins the horizontal petrous carotid 
artery anteriorly (Fig.  3.28 ). 

 The presenting signs and symptoms of 
an aberrant internal carotid artery include 
pulsatile tinnitus, otalgia, aural fullness, 
vertigo, and hearing loss  [  53,   54  ] .  
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  Fig. 3.28    Schema 
illustrating the development 
of aberrant internal carotid 
artery. ( a ) Embryonic phase, 
failure of development of 
vertical part of internal carotid 
artery ( ICA ). ( b ) Adult 
con fi guration of aberrant 
carotid artery. Notice the 
absence of development of the 
carotid canal.  BOS  base of 
skull,  ICA  internal carotid 
artery,  APA  ascending 
pharyngeal artery,  ITC  inferior 
tympanic canaliculus,  MMA  
middle meningeal artery,  IMA  
internal maxillary artery,  ECA  
external carotid artery,  ITA  
inferior tympanic artery       
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  Fig. 3.29    Middle ear vessels.  ICA  internal carotid artery,  LSCC  lateral semicircular canal,  OW  oval window,  RW  round 
window,  AER  anterior epitympanic recess,  STR  supratubal recess,  TTM  tensor tympani muscle,  ET  Eustachian tube       
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and incus. The anterior tympanic artery also gives 
rise to branches that supply the bone and mucosa 
of the superior and lateral walls of the epitym-
panic cavity.  

    3.5.2.2   The Posterior Auricular Artery 
 The posterior auricular artery is another branch 
of the internal maxillary artery which provides 
two branches to the vascular ring of the tympanic 
membrane. A posterior branch supplies most of 
the tympanic membrane, whereas the anterior 
branch supplies a lesser portion of the anterior 
and inferior region.  

    3.5.2.3   Branches of the Middle 
Meningeal Artery 

      The Super fi cial Petrosal Artery 
 The superior petrosal artery enters the middle ear 
through the facial hiatus; it enters the Fallopian 
canal and provides blood supply to the geniculate 
ganglion and the tympanomastoid segment of 
the facial nerve. Also it provides vascularization 
of the incudostapedial joint and posterior part of 
stapes by giving rise to the superior and inferior 
arteries of the stapedial tendon and  posterior 
 crural artery.  

      The Superior Tympanic Artery 
 The superior tympanic artery enters the middle 
ear adjacent to the lesser petrosal nerve. The 
artery supplies the tensor tympani and a portion 
of the epitympanic space. It also forms an anasto-
motic plexus with the inferior tympanic artery, 
giving rise to the anterior stapedial artery and the 
anterior crural artery.   

    3.5.2.4   The Caroticotympanic Arteries 
 The caroticotympanic arteries are branches of the 
internal carotid artery that pass through the bony 
wall of the carotid canal to enter the middle ear 
cleft and eventually anastomose with branches of 
the inferior tympanic artery.  

    3.5.2.5   The Inferior Tympanic Artery 
 The inferior tympanic artery is a branch of the 
ascending pharyngeal artery; it enters the middle 
ear cleft with the tympanic (Jacobson’s) nerve. 
This artery, along with the caroticotympanic 
arteries, provides the major blood supply to the 

mucosa of the promontory and the lower tym-
panic cavity (hypotympanum).    

    3.6   Middle Ear Mucosal Folds 

 In this section a detailed description of the 
mucosal folds of the middle ear will be pre-
sented in order to clarify their anatomical orga-
nization. A good understanding of the anatomy 
of these folds and their relationships inside the 
middle ear cavity is fundamental in the learning 
process of functional middle ear surgery. These 
folds delimit different compartments, spaces, 
and recesses, which will be described in detail 
in Chap.   4    . 

    3.6.1   Mucosal Folds Development 

 Between the third and seventh fetal months, the 
mesenchymal tissue of the middle ear cleft is 
gradually absorbed. At the same time, the primi-
tive tympanic cavity develops by a growth of an 
endothelium-lined  fl uid pouch extending from 
the Eustachian tube into the cleft. Four primary 
sacci bud out to de fi ne the different middle ear 
spaces. They are the saccus anticus, the saccus 
medius, the saccus superior, and the saccus posti-
cus  [  55  ] . These sacci or pouches start to enlarge 
in the middle ear cleft to replace the preexisting 
mesenchyme. The walls of the pouches become 
the mucosal lining of middle ear cavity. At the 
plane of contact between two neighboring 
pouches, mucosal folds are formed. Between the 
mucosal layers of the folds, there are remnants of 
the mesenchyme that will transform into liga-
ments and blood vessels supplying the “viscera” 
of the tympanic cavity.  

    3.6.2   Mucosal Folds Anatomy 

 Middle ear mucosal folds pass from the walls of 
the middle ear to its contents and carry ligaments 
and blood vessels to the ossicles. Despite the fact 
that these folds may orient the progress of middle 
ear pathologies, they are not true barriers against 
their extension (Figs.  3.30 ,  3.31 , and  3.32 ).    
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 There are two different types of mucosal folds: 
composite folds and duplicate folds. 

 The composite folds, like the anterior mal leal 
ligamental fold, the lateral malleal liga mental 
fold, and the posterior incudal fold, have an essen-
tial common feature: a combination of a liga ment 
and lining mucosa, with a varying degree of 
mucosal extension over the ligamental limits and 
ending with free edges. They are formed when 
the expanding air sacs meet the preexisting liga-
ment and cover it with mucosal membrane. 

 The duplicate folds, like the tensor tympani 
fold and lateral incudomalleal fold, are thin 

mucosal structures arising from the fusion of two 
expanding air sac walls in the absence of any 
interposing structure. Their positions change 
because the extent of the expansion of each air 
sac varies in different individuals  [  56,   57  ] . 

    3.6.2.1   The Posterior Tympano-Malleal 
Fold 

 The posterior tympano-malleal fold, a ligamental 
fold, inserts on the posterior portion of the neck of 
the malleus. It involves the upper portion of the 
handle of the malleus and merges superiorly with 
the downturn of the anterior portion of the lateral 

  Fig. 3.30    Superior view of a right middle ear, showing 
middle ear ossicles and their ligaments after removal of all 
mucosal folds.  AML  anterior malleal ligament,  LML  lat-
eral malleal ligament,  PIL  posterior incudal ligament, 

 TTM  tensor tympani muscle tendon,  CP  cochleariform 
process,  PE  pyramidal eminence,  LSCC  lateral semicircu-
lar canal,  PB   petrous bone. (Reproduced from Tos  [  75 , 
 fi g. 83].With permission from Thieme publishers)       
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  Fig. 3.31    Superior view of a right middle ear showing 
middle ear ossicles, ligaments, and mucosal folds.  AML  
anterior malleal ligament,  LML  lateral malleal ligament, 
 PIL  posterior incudal ligament,  TTM  tensor tympani mus-
cle tendon,  CP  cochleariform process,  PE  pyramidal emi-

nence,  LSCC  lateral semicircular canal,  TTF  tensor 
tympani fold,  AMLF  anterior malleal ligamental fold, 
 LMF  lateral malleal fold,  SMF  superior malleal fold,  MIF  
medial incudal fold,  LIMF  lateral incudomalleal fold,  SIF  
superior incudal fold,  PIF  posterior incudal fold       
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incudomalleal fold. It inserts posteriorly on the 
posterior tympanic spine and represents the medial 
wall of the posterior pouch of von Tröltsch. Its 
medial edge envelops the posterior portion of the 
chorda tympani  [  58  ]  (Fig.  3.33 ).   

    3.6.2.2   The Anterior Tympano-Malleal 
Fold 

 The anterior tympano-malleal fold arises from 
the anterior portion of the neck of the malleus 
and inserts anteriorly on the anterior tympanic 
spine. It forms the medial wall of the anterior 
pouch of von Tröltsch  [  58  ]  (Fig.  3.33 ).  

    3.6.2.3   The Anterior Malleal 
Ligamental Fold 

 The anterior malleal ligamental fold was described 
by von Tröltsch  in 1856. It is part of the tympanic 
diaphragm. It originates from the neck of the mal-
leus and extends to the anterior attic bony wall. It 
is re fl ected from the lateral wall of the middle ear 
over the anterior process and ligament of the mal-
leus and the anterior part of the chorda tympani. 

Its low posterior part is broad and represents the 
anterior limit of Prussak’s space  [  58  ]  (Fig.  3.34 ).   

    3.6.2.4   The Lateral Malleal Ligament Fold 
 The lateral malleal ligament fold is a thick fold; it 
is  fi rst described by Helmholtz in 1868  [  59  ] . This 
fold starts from the middle portion of the neck of 
the malleus to develop a fanlike spread before 
attaching to the attic outer wall; posteriorly, it is 
con fl uent with the anterior descending portion of 
the lateral incudomalleal fold (Fig.  3.35 ).  

 This fold is usually complete; it represents the 
roof of the Prussak’s space and the  fl oor of the 
lateral malleal space. It is considered to be strong 
to prevent progression of pars  fl accida retraction 
pockets  [  60  ] . 

 Defects in this fold, usually in its thin poste-
rior membranous part, are observed in 7 %. In 
such cases, the defect provides a direct small 
communication between the upper and lower epi-
tympanic units  [  56,   57  ]  (see Sect.   4.5    ).  

    3.6.2.5   The Superior Malleal Fold 
 The superior malleal fold extends between 
the superior surface of the malleus head and the 
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  Fig. 3.32    Posterolateral 
view of a right middle ear 
showing middle ear ossicles 
and mucosal folds.  SMF  
superior malleal fold,  SIF  
superior incudal fold,  LMF  
lateral malleal fold,  AMLF  
anterior malleal ligamental 
fold,  MIF  medial incudal 
fold,  PIL  posterior incudal 
ligament,  M  malleus,  LP  
lateral process of the 
malleus. The dotted arrow 
represents the ventilation 
tract of the Prussak’s space       
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 tegmen in a transversal plane. It contains the 
 superior malleal ligament and divides the attic into 
anterior and posterior parts (Figs.  3.31  and  3.32 ).  

    3.6.2.6   The Lateral Incudomalleal Fold 
 The lateral incudomalleal fold is a part of the 
tympanic diaphragm. It lies superiorly in relation 
to the lateral malleal ligamental fold and sepa-
rates the upper lateral attic space from the lower 
lateral attic space. The level of this fold is about 
1 mm higher than the roof of the Prussak’s space 
 [  59  ] . This fold presents a defect in its anterior 
portion in about 20 % of cases  [  57  ] . 

 The lateral incudomalleal fold has a posterior 
and a lateral extension: posteriorly, it presents a 
horizontal extension to insert medially onto the 
body of the incus and the incudomalleal joint. 
Laterally, it inserts onto the medial surface of the 
bony wall of the scutum. 

 The anterior portion of this fold bends inferi-
orly towards the neck of the malleus and merges 
with the posterior portion of the lateral malleal 
ligament fold, representing the posterior limit of 
the lateral malleal space (Figs.  3.32  and  3.36 ).   

    3.6.2.7   The Medial Incudal Fold 
 The medial incudal fold is located between 
the long process of the incus and the tendon of 
the stapedial muscle as far as the pyramidal emi-
nence (Fig.  3.36 ).  

mlf

amlfprs

as

amf

ma

pmf

ps

  Fig. 3.33    Lateral    view of a right middle ear after removal 
of the tympanic membrane, showing the anterior ( amf ) 
and the posterior ( pmf ) malleal folds.  as  anterior tympanic 
spine,  ps  posterior tympanic spine. The  yellow arrow  rep-
resents the route of ventilation of the Prussak’s space ( prs ). 
 Blue arrow  represents the complete closure of the Prussak’s 
space  fl oor anteriorly,  mlf  lateral malleal fold,  amlf  ante-
rior malleal ligamental fold,  ma  manubrium. (Reproduced 
with modi fi cation from Marchioni  [  76 ,  fi gure 1]. With 
kind permission from Springer Science and Business 
Media, Springer and the original publisher)       

  Fig. 3.34    Superior view of a 
right middle ear showing    the 
anterior malleal ligamental 
fold ( AMLF ).  AML  anterior 
malleal ligament,  LML  lateral 
malleal ligament,  PIL  
posterior incudal ligament, 
 TTM  tensor tympani muscle 
tendon,  CP  cochleariform 
process,  PE  pyramidal 
eminence,  LSCC  lateral 
semicircular canal, 
 PB  petrous bone        
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    3.6.2.8   The Superior Incudal Fold (SIF) 
 The superior incudal fold extends like the supe-
rior incudal ligament from the superior surface of 
the incudal body to the tegmen. It divides the 
posterior attic into lateral and medial attic 
(Fig.  3.36 ).  

    3.6.2.9   Posterior Incudal Fold 
 The posterior incudal fold is the fold that runs 
between the  fi bers of the posterior incudal liga-
ment (Fig.  3.36 ).  

    3.6.2.10   The Tensor Tympani Fold (TTF) 
 The TTF is a part of the tympanic diaphragm. It 
arises posteriorly from the tensor tympani tendon, 
about 1.5 mm lower than the roof of Prussak’s 
space  [  61  ] . It runs anteriorly towards the anterior 
wall of the attic inserting into a transverse crest: the 

supratubal ridge. Medially it inserts on the bony 
canal of the TTM and laterally it inserts on the 
anterior malleal ligament. The lateral part of the 
tensor fold keeps a close relationship with the most 
anterior portion of chorda tympani (Fig.  3.37 ). It 
separates the anterior epitympanic recess superi-
orly from the supratubal recess inferiorly.  

 Embryologically, the TTF results from the 
fusion of the saccus anticus and the anterior 
saccule of the saccus medius. The inclination 
angle of the TTF varies between 80° and 120° 
depending on the variable growth of each saccus  
[  62,   63  ] . The size of the supratubal recess and the 
anterior epitympanic recess is dependent on the 
vertical orientation of the TTF. The more vertical 
the TTF is, the wider is the supratubal recess  [  61  ]  
(Fig.  3.38 ). A horizontal TTF results in a very small 
or even inexistent supratubal recess  [  62  ]  (Fig.  3.38 ).  

  Fig. 3.35    Superior view of a 
right middle ear showing the 
lateral malleal fold ( LMF ). 
 AML  anterior malleal 
ligament,  LML  lateral malleal 
ligament,  PIL  posterior 
incudal ligament,  TTM  tensor 
tympani muscle tendon,  CP  
cochleariform process,  PE  
pyramidal eminence,  LSCC  
lateral semicircular canal, 
 PB  petrous bone       

  Fig. 3.36    Superior view of the right middle ear, showing 
the superior incudal fold (SIF), the medial incudal fold 
( MIF ), the lateral incudomalleal fold ( LIMF ), and the pos-
terior incudal fold ( PIF ).  TTM  tensor tympani muscle,  ST  

stapedial tendon,  AML  anterior malleal ligament,  LML  lat-
eral malleal ligament,  CP  cochleariform process,  VII  
facial nerve, * posterior incudal ligament,  S  stapes,  PE  
pyramidal eminence,  LSCC  lateral semicircular canal       
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 The peripheral portion of the TTF is thick 
while the central portion is thin and transparent. 
In some ears, the fold is complete leading to a 
total separation between the anterior epitympa-
num and protympanum. In the majority of ears, 
the TTF is incomplete; this allows a direct com-
munication from the Eustachian tube and supra-
tubal recess to the anterior  epitympanic recess 
and then to the posterior attic (Fig.  3.39 ). 

In such cases the direct aeration of the epitym-
panum prevents the development of attic dys-
ventilation  [  63  ] .    

    3.6.3   The Tympanic Diaphragm 

 Chatellier and Lemoine introduced the con-
cept of the “epitympanic diaphragm” in 1946 
 [  64  ] , upon which the modern theories of tym-
panic ventilation have been developed. The 
authors described how the diaphragm was 
made up of various structures and membra-
nous ligament that form together with the mal-
leus and the incus the  fl oor of the epitympanic 
compartment. 

 Palva et al. revised Chatellier’s concept of 
the epitympanic diaphragm and added two 
other important folds: the TTF and the lateral 
incudomalleal fold  [  65,   66  ] . According to 
them, the complete tympanic diaphragm is 
made up of the three malleal ligamental folds 
(anterior, lateral, and posterior), the posterior 
incudal fold, the TTF, the lateral incudomalleal 
fold, and the incus and the malleus  [  61,   67  ]  
(Fig.  3.40 ).  

 The tympanic diaphragm is not fully horizon-
tal because its components are on different levels. 
It separates the upper unit of the attic superiorly 
from the mesotympanum and the lower unit of 
the attic, the Prussak’s space, inferiorly. The lat-
eral malleal fold separates Prussak’s space from 
the upper unit of the epitympanum; this is why 
we call the Prussak’s space the lower unit of the 
attic  [  61  ]  (see Sect.   4.5    ).  

  Fig. 3.37    Superior view of a 
right middle ear showing the 
tensor tympani fold ( TTF ) 
that inserts posteriorly on the 
tensor tympani muscle 
tendon ( TTM ), laterally on 
the anterior malleal ligament 
( AML ), and anteriorly on the 
anterior attic wall.  LML  
lateral malleal ligament,  PIL  
posterior incudal ligament, 
 CP  cochleariform process, 
 PE  pyramidal eminence, 
 LSCC  lateral semicircular 
canal,  PB  petrous bone       
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     Fig. 3.38    Lateral view of a left ear showing the tensor 
tympani fold (*) with its variable anterior insertion ( 1  high 
insertion,  2  intermediate insertion,  3  low insertion). The 
variable insertion of the TTF determines the volume of 
the anterior epitympanic recess ( AER ) which lies above 
the TTF and the supratubal recess ( STR ) which lies 
below the TTF.  TTM  tensor tympani muscle,  M  malleus, 
 GG  geniculate ganglion       
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    3.6.4   The Tympanic Isthmus 

 The mesotympanum connects with the Eustachian 
tube. However, the attic and the mastoid are iso-
lated from the mesotympanum by the tympanic 
diaphragm. Attic aeration occurs through a 2.5-
mm opening in the tympanic diaphragm called 
the tympanic isthmus (Fig.  3.41 ).  

 The entire attic is ventilated through the tym-
panic isthmus. 

 The Prussak’s space is ventilated through the 
posterior pouch of von Tröltsch   [  65,   67  ] . 

 The tympanic isthmus extends from the tensor 
tympani muscle anteriorly to the posterior incu-
dal ligament posterosuperiorly and the pyramidal 
eminence posteroinferiorly. The distance from 
the TTM to the anterior edge of the posterior 
incudal ligament is around 6 mm  [  61  ] . The tym-
panic isthmus is limited medially by the attic 
bone and laterally by the body and short process 
of the incus and the head of the malleus. 

 The tympanic isthmus is divided by the medial 
incudal fold into two portions (Fig.  3.41 ). 

    3.6.4.1   The Anterior Tympanic Isthmus 
 The anterior tympanic isthmus, most important, 
is situated between the TTM anteriorly and the 
stapes posteroinferiorly. The diameter of this 
pathway is from 1 to 3 mm. It is a large open 
communication with the anterior epitympanum.  

    3.6.4.2   The Posterior Tympanic Isthmus 
 The posterior tympanic isthmus, less important, 
is situated between the short process of the incus 
and the stapedial muscle  [  65,   68  ] .   

  Fig. 3.39    Superior view of a 
right middle ear showing 
incomplete tensor tympani 
fold ( TTF ).  AML  anterior 
malleal ligament,  LML  lateral 
malleal ligament,  PIL  
posterior incudal ligament, 
 TTM  tensor tympani muscle 
tendon,  CP  cochleariform 
process,  PE  pyramidal 
eminence,  LSCC  lateral 
semicircular canal, 
 PB  petrous bone       

  Fig. 3.40    Superior view of a 
right middle ear showing the 
tympanic diaphragm.  AMLF  
anterior malleal ligamental 
fold,  TTF  tensor tympani fold, 
 LMF  lateral malleal fold, 
 LIMF  lateral incudomalleal 
fold,  AML  anterior malleal 
ligament,  LML  lateral malleal 
ligament,  PIL  posterior 
incudal ligament,  TTM  tensor 
tympani muscle tendon,
  CP  cochleariform process, 
 PE  pyramidal eminence, 
 LSCC  lateral semicircular 
canal,  PB  petrous bone       

     Clinical Correlation

  In long-standing chronic otitis media, gran-
ulation tissue and webs may block the tym-
panic isthmus and lead to failure of attic 
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ventilation even in the presence of a nor-
mally functioning Eustachian tube and well-
aerated mesotympanum. This condition is 
called selective attic dysventilation and may 
result in chronic attical in fl ammation, attical 
retraction pockets, and attical cholesteatoma 
in the presence of a normal mesotympanum, 
and even in the presence of a tympanostomy 
tube (see Sect.   4.5.1.2 Clinical Applications)    . 
  Only a permanent large communication 
between the attic and the supratubal recess 

  Fig. 3.41    Superior view of a right middle ear showing 
the tympanic diaphragm and the tympanic isthmus. The 
tympanic isthmus could be divided into anterior and pos-
terior isthmus by the medial incudal fold ( MIF ). The  green 
arrows  represent the normal route of attic aeration from 
the mesotympanum.  AMLF  anterior malleal ligamental 

fold,  TTF  tensor tympani fold,  LMF  lateral malleal fold, 
 LIMF  lateral incudomalleal fold,  AML  anterior malleal 
ligament,  LML  lateral malleal ligament,  PIL  posterior 
incudal ligament,  TTM  tensor tympani muscle tendon,  CP  
cochleariform process,  PE  pyramidal eminence,  LSCC  
lateral semicircular canal,  PB  petrous bone       

  Fig. 3.42    Superior view of a right middle ear tympanic 
diaphragm showing a common variation of this structure. 
The tensor tympani fold ( TTF ) is incomplete and repre-
sents an accessory route of attic aeration ( red arrow ) from 
the protympanum. The  green arrows  represent the constant 
attic aeration through the tympanic isthmus.  AMLF  ante-

rior malleal ligamental fold,  MIF  medial incudal fold,  LMF  
lateral malleal fold,  LIMF  lateral incudomalleal fold,  AML  
anterior malleal ligament,  LML  lateral malleal ligament, 
 PIL  posterior incudal ligament,  TTM  tensor tympani mus-
cle tendon,  CP  cochleariform process,  PE  pyramidal emi-
nence,  LSCC  lateral semicircular canal,  PB  petrous bone       

of the protympanum will guarantee the nec-
essary aeration of the attic compartments to 
prevent attic dysventilation  [  69–  71  ] . 
  Incomplete TTF allows good ventilation 
from the protympanic space to the anterior 
attic and prevents attic dysventilation even 
in case of tympanic isthmus blockage. This 
con fi rms the importance of TTF removal 
during surgical treatment of middle ear dis-
ease to insure a good ventilation of the attic 
region  [  72–  74  ]  (Fig.  3.42 ).  
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  4

 The middle ear cavity is anatomically not only a 
sole chamber, but a space with different compart-
ments. The objective of this chapter is to present 
a detailed and exhaustive description of these 
compartments, their frontiers, their relationship, 
and their connections to improve the under stan-
ding of the pathophysiology of the in fl am matory 
and cholesteatomatous middle ear diseases. 

 The middle ear cavity was divided into  fi ve 
compartments: the mesotympanum in the center, 
the epitympanum superiorly, the protympanum 
anteriorly, the hypotympanum inferiorly, and the 
retrotympanum posteriorly (Fig.  4.1 ).  

 In addition, this chapter, based on the descrip-
tion of the anatomy of the middle ear folds in 
Chap.   3    , will describe several anatomo-functional 
units inside or even beyond the traditional divi-
sion of the compartments. 

 The comprehensive knowledge of this detailed 
anatomy is the key of success in the management 
of middle ear disorders. 

    4.1   Embryology of Middle 
Ear Compartments 

 In the developing human, the tympanomastoid 
system appears in the 3rd week of life from an 
outpouching of the  fi rst pharyngeal pouch called 
the tubotympanic recess. The endodermal tissue 
of the dorsal end of this pouch becomes the 
Eustachian tube and the tympanic cavity  [  1  ] . 

 By the 7th week, a concomitant growth of the 
second branchial arch constricts the midportion of 
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the tubotympanic recess, placing the primary tym-
panic cavity lateral to this constriction and the prim-
ordial Eustachian tube medial to this constriction 
 [  1  ] . The future development of the Eustachian tube 
is marked by lengthening, narrowing, and meso-
dermal chondri fi cation establishing the 
 fi brocartilaginous Eustachian tube (see Sect.   7.1    ). 

 The terminal end of the tubotympanic recess 
buds into four sacci: the saccus anticus, the sac-

cus medius, the saccus superior, and the saccus 
posticus  [  1–  3  ] . These sacci expand progressively 
to replace middle ear mesenchyme and mastoid 
mesenchyme (Fig.  4.2 ). The walls of the expand-
ing sacci envelop the ossicular chain and line the 
walls of middle ear cavity; the interface between 
two sacci gives rise to several mesentery-like 
mucosal folds, transmitting blood vessels and 
ligaments to middle ear contents.  

    4.1.1   The Saccus Anticus 

 The saccus anticus is the smallest saccus. It extends 
upward anterior to the tensor tympani  tendon to 
form the anterior epitympanic recess and the ante-
rior pouch of von Tröltsch. At the level of the ten-
sor tympani muscle canal, it fuses with the anterior 
saccule of the saccus medius to form an important 
mucosal fold, the tensor tympani fold. The tensor 
tympani fold separates the anterior epitympanic 
recess superiorly from the supratubal recess infe-
riorly  [  2  ]  (Figs.  4.2  and  4.3 ).   

    4.1.2   The Saccus Medius 

 The saccus medius forms the attic. It extends 
upward and divides into three saccules:
    1.    Anterior saccule: It develops upward to form 

the anterior compartment of the attic.  
    2.    Medial saccule: The medial saccule forms 

the superior incudal space by its growth over   Fig. 4.1    Middle ear compartments;  VII  facial nerve       

  Fig. 4.2    Embryology 
of middle ear spaces.  I  incus, 
 M  malleus; S, stapes,  KS  
Korner’s septum       
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the incudomalleal bodies and the posterior 
incudal ligament. The medial saccule sends 
an offshoot forward to form the Prussak’s 
space.  

    3.    Posterior saccule: The posterior saccule 
extends posteriorly between the long process 
of the incus and the stapes to form the medial 
portion of the mastoid antrum which is derived 
from the petrous part of the temporal bone  [  2  ]  
(Figs.  4.2  and  4.3 ).      

    4.1.3   The Saccus Superior 

 The saccus superior forms the posterior pouch of 
von Tröltsch and the inferior incudal space. It 
extends posteriorly and laterally between the 
handle of the malleus and the long process of the 
incus to form the posterior pouch of von Tröltsch, 
the inferior incudal space, and the lateral part of 
the antrum which derives from the squamous part 
of the temporal bone. 

 The plane of fusion between the posterior sac-
cule of the saccus medius, which forms the medial 
part of mastoid air cells system, and the saccus 
superior, which forms the lateral part of mastoid 
air cells system, usually breaks down. If the 
breakdown fails, a bony septum persists between 

the two parts, called the Korner’s septum  [  2  ]  
(Figs.  4.2  and  4.3 ).  

    4.1.4   The Saccus Posticus 

 The saccus posticus extends along the hypotym-
panum and rises up posteriorly to form the round 
window niche, the oval window niche, the facial 
recess, and the sinus tympani. 

 The sinus tympani has a variable size and 
depth posteriorly; this variation is dependent on 
the degree of extension of the saccus posticus 
under the stapedial tendon during fetal develop-
ment  [  2  ]  (Figs.  4.2  and  4.3 ).   

    4.2   Anatomy of the Protympanum 

 The protympanum is the middle ear compart-
ment that lies anterior to a frontal plane drawn 
through the anterior margin of the tympanic 
annulus (Fig.  4.1 ). This space is widely open 
posteriorly into the mesotympanum; it leads 
anteriorly into the Eustachian tube. We included 
into the protympanum the whole bony portion 
of the Eustachian tube which is 1 cm long in 
adults. 
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  Fig. 4.3    Table illustrating the origin of the different spaces, recesses, and pouches of the middle ear       
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    4.2.1   Walls of the Protympanum 

 The lateral wall of the protympanum consists of 
a thin plate of the tympanic bone called the late-
ral lamina; this plate separates the protympanum 
from the mandibular fossa. The medial wall 
consists of the cochlea posteriorly and the 
carotid canal anteriorly. The roof is composed 
of the bony semicanal for the tensor tympani 
muscle and the tensor tympani fold separating 
the protympanum from the anterior attic 
(Fig.  4.4 ).   

    4.2.2   The Supratubal Recess (STR) 

 The supratubal recess is the superior extension of 
the protympanum. It corresponds to the space 
lying between the superior border of the tym-
panic ori fi ce of the Eustachian tube and the ten-
sor tympani fold. It lies below the anterior attic 
from which it is separated by the tensor tympani 
fold (TTF). 

 The size of the supratubal recess depends on 
the anatomy of the TTF (see Sect.   3.6.2.10    ). The 

TTF forms the roof of the protympanum and has 
variable orientations depending on the level of its 
anterior insertion. For instance, a horizontal TTF 
results in a small or even absent supratubal recess 
and a vertical TTF gives place to a large supratu-
bal recess  [  4–  6  ]  (see Fig.   3.38    ).   

    4.3   Anatomy of the 
Hypotympanum 

 The hypotympanum is a crescent-shaped space 
located at the bottom of the middle ear. It lies 
below a horizontal plane starting from the 
inferior margin of the  fi brous annulus to the 
inferior margin of cochlear promontory; it is 
 surrounded by  fi ve walls. 

    4.3.1   Walls of the Hypotympanum 

        • The anterior wall  is formed by the carotid 
canal medially and by a dense bone laterally.  
       • The posterior wall  is formed by the inferior 
part of the styloid complex and the vertical 
segment of the facial nerve canal. Frequently, 
the posterior wall is pneumatized by air 
cells (retrofacial air cells) which extend 
from the mastoid antrum to the hypotympa-
num medial to the facial nerve. The poste-
rior wall corresponds to a vertical plane 
from the posterior semicircular canal to the 
junction of the sigmoid sinus with the 
 jugular bulb.  
       • The outer wall  is formed by the tympanic 
bone.  
       • The medial wall  is formed by the lower part of 
the promontory and a part of the petrous bone 
which extends under the promontory. This 
wall is usually pneumatized; its air cell system 
may extend beneath the cochlea to reach the 
petrous apex air cells. Rarely the medial wall 
is compact (Fig.  4.5 ).   
       • The inferior wall  corresponds to a thin bony 
plate separating the hypotympanum from the 
jugular bulb (Fig.  4.5 ). In cases of a high jugu-
lar bulb, the hypotympanum is signi fi cantly 
reduced, or it could even be missing.      

  Fig. 4.4    Endoscopic view of a left cadaveric middle ear 
showing the protympanum ( Pro ) which is limited superi-
orly by the canal of the tensor tympani muscle ( TTM ) and 
the tensor tympani fold ( TTF ). (*) cochleariform process, 
 M  malleus,  I  incus,  P  promontory,  RW  round window,  CT  
chorda tympani       
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    4.3.2   Air Cells in the Hypotympanum 

 The air cells of the hypotympanum are divided 
into: 

    4.3.2.1   Hypotympanic Air Cells 
 The hypotympanic air cells, present in the medial 
and inferior wall of the hypotympanum, may 
extend below the labyrinth to reach the petrous 
apex cells (infralabyrinthine tract) (Fig.  4.6  and 
see Fig.   2.12    b).    

    4.3.2.2   Retrofacial Cells 
 The retrofacial cells extend from the central mas-
toid tract medial to the facial nerve and drain into 
the hypotympanic space.     

  Fig. 4.5    Endoscopic view 
of a left ear showing the 
hypotympanum and some 
hypotympanic cells. Notice 
that the hypotympanum lies 
below the level of the 
tympanic sulcus ( S ). In this 
case, the inferior wall of the 
hypotympanum is smooth 
and consists of a thin plate 
of bone separating the middle 
ear from the jugular bulb.  RW  
round window       

  Fig. 4.6    Endoscopic view of a right ear showing hypo-
tympanic cells in the inferior and medial wall of the hypo-
tympanum.  M  malleus,  I  incus,  S  stapes,  CT  chorda 
tympani,  VII  tympanic segment of the facial nerve       

     Surgical Applications 

 Infracochlear Approach 

 Through a transcanal hypotympanotomy, 
removal of the bone and the cells of the 
medial wall of the hypotympanum, 
between the carotid artery anteriorly and 
the jugular bulb posteriorly, offers a direct 
surgical approach for the drainage of the 
petrous apex  [  7–  9  ] . 
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    4.4   Anatomy of the 
Retrotympanum 

 The retrotympanum is a complex region. It con-
sists of several separate spaces lying in the poste-
rior aspect of the tympanic cavity medial and 
posterior to the tympanic annulus (Fig.  4.1 ). The 
retrotympanum is the site of the highest incidence 
of middle ear pathologies especially retraction 
pockets and cholesteatoma (Fig.  4.7 ).  

 The retrotympanum includes four spaces: two 
spaces lie medial to the vertical segment of the 
facial nerve and the pyramidal eminence and two 
spaces lie lateral to them. These spaces are sepa-
rated from each other by the bridges and the emi-
nences of the posterior wall of the middle ear 
cavity. The pyramidal eminence is the fulcrum of 
the retrotympanum (Fig.  4.8 ) (see Sect.   2.3.2    ).  

    4.4.1   The Lateral Spaces 

 The lateral spaces of the retrotympanum form the 
facial recess. The facial recess is bordered medi-
ally by the facial canal and the pyramidal eminence 
and laterally by the chorda tympani. Superiorly, 
the facial recess is bounded by the incudal buttress, 
bony boundary of the incudal fossa, which lodges 
the short process of the incus. The incudal buttress 
separates the facial recess from the aditus ad 
antrum. Inferiorly, the facial recess is limited 

  Fig. 4.7    Otoscopic view of a left ear showing adhesive 
otitis media and a posterior pars tensa retraction pocket 
into the retrotympanum (*).  I  incus with lysis of its long 
process,  M  malleus,  S  stapes,  P  pyramidal eminence,  RW  
round window       

  Fig. 4.8    Schematic drawing of the retrotympanum as 
viewed from the mesotympanum.  PE  pyramidal emi-
nence,  CE  chordal eminence,  SE  styloid eminence,  VII  
tympanic segment of facial nerve, * second genu of facial 
nerve,  FI  fossa incudis.  In.b.  incudal buttress,  PTS  poste-
rior tympanic sinus,  LSCC  lateral semicircular canal       

     Surgical Application 

 Retrofacial Hypotympanotomy 

 Dissecting the retrofacial cells medial to the 
 vertical segment of the facial nerve between 
the jugular bulb inferiorly and the posterior 
semicircular canal superiorly provides a 
good access to the hypotympanum and the 
related structures without transposing the 
facial nerve or taking down the posterior 
external auditory canal wall (retrofacial 
hypotympanotomy)  [  10  ] . A high-riding 
jugular bulb obstructs this approach (see 
Fig.   2.12    ) (see Sect.   2.2.2.2    ). 
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by the chordo-facial angle which ranges from 
18° to 30°; the distance between the origin of the 
chorda tympani and the short process of the incus 
ranges from 5 to 10 mm  [  11  ] . 

 The facial recess size is variable among indi-
viduals; however, it does not differ between age 
groups ranging from newborns to adults, indi cating 
that it is near adult size at birth  [  12–  14  ] . It mea-
sures about 2 mm at the level of the round window 
and 3 mm at the level of the oval window  [  15,   16  ] . 

 The chordal ridge, which runs between the 
pyramidal eminence and the chordal eminence, 
divides the facial recess into the facial sinus supe-
riorly and the lateral tympanic sinus inferiorly. 

    4.4.1.1   The Facial Sinus 
 The facial sinus is the superior part of the facial 
recess. It is a small pouch that is situated between 
the incudal buttress superiorly, the chordal ridge 
inferiorly, and the second genu of the facial nerve 
medially. There is no connection of the facial sinus 
with the air cells of the attic or mastoid process.  

    4.4.1.2   The Lateral Tympanic Sinus 
 The lateral tympanic sinus is the inferior part of 
the facial recess and is the most lateral and nar-
rowest sinus of the retrotympanum. It represents 
the interval among the three eminences of the 

styloid complex (pyramidal eminence, styloid 
eminence, chordal eminence). It lies medial to 
the chordal eminence, inferior and lateral to the 
pyramidal eminence, and superior to the styloid 
eminence. The dimensions of the lateral tym-
panic sinus vary from 1.5 to 2.5 mm  [  17,   18  ] ; it 
has no connection with the attic or the antrum.    

Mastoid segment
Digastric ridge

LSCC

Incus

Posterior tympanotomy
Chorda
tympani

Chordofacial
angle

  Fig. 4.9    Left ear, transmas-
toid posterior tympanotomy 
(*).  b  incudal buttress,  LSSC  
lateral semicircular canal       

     Surgical Application 

 The facial recess serves as a posterior win-
dow to reach the middle ear from the mas-
toid cavity, enabling the visualization of 
the oval window and ponticulus superiorly 
and the round window and subiculum 
 inferiorly. This important surgical approach 
is called transmastoid posterior tympano-
tomy; it is done by a transmastoid drilling 
of the posterior wall of the facial recess, 
between the chorda tympani laterally and 
the facial nerve medially (Fig.  4.9 ).  

 In cases of narrow facial recess or 
incomplete exposure of the target middle 
ear structure, extended facial recess 
approach could be done. In this technique, 
the chorda tympani nerve is sacrifi ed and 
drilling is done between the annulus of the 
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    4.4.2   The Medial Spaces 

 The medial spaces of the retrotympanum, called 
the tympanic sinus ,  are the depressions in the 
posterior wall of the middle ear that lie between 
the facial nerve and pyramidal eminence laterally 
and the labyrinth medially (Figs.  4.8  and  4.11 ).  

 The ponticulus, which runs from the pro-
montory to the pyramidal eminence, divides 
the tympanic sinus in two spaces: the posterior 

tympanic sinus superiorly and the sinus tympani 
inferiorly. 

    4.4.2.1   Posterior Tympanic Sinus 
 The posterior tympanic sinus is present in most 
middle ears  [  23  ] ; it lies superior to the ponticu-
lus, medial to the pyramidal eminence and facial 
nerve. It is about 1 mm deep and about 1.5 mm 
long  [  24  ] . In ears where the ponticulus does not 
reach the posterior wall of the middle ear, the 
posterior tympanic sinus merges with the sinus 
tympani to form one con fl uent sinus.   

    4.4.2.2   The Sinus Tympani 
 The sinus tympani is the largest sinus of the retro-
tympanum. It lies medial to the mastoid portion 
of the facial nerve, lateral to the posterior semi-
circular canal. It is limited superiorly by the 

a b

  Fig. 4.10    ( a ) A transversal computed tomography show-
ing the distance ( red line ) between the chorda tympani 
( long white arrow ) and the mastoid segment of the facial 
nerve ( VII ); the  arrowhead  shows the annulus. ( b ) Sagittal 
reconstruction of a computed tomography showing the 

emergence of the chorda ( black arrow ) from the facial nerve 
( VII ) and the bony wall ( circle ) between the chorda and the 
VII (facial recess approach).  White arrow  facial recess, 
 white arrowhead  short process of the incus,  LSCC  lateral 
semicircular canal,  PSCC  posterior semicircular canal       

tympanic membrane and the facial nerve. 
This leads to a wider exposure of the mid-
dle ear. The mean width of the extended 
facial recess is about 5 mm  [  19,   20  ] . 

 During posterior tympanotomy, the risk 
of facial nerve damage and the probability 
of sacrifying the chorda tympani depend on 
the dimensions of the facial recess  [  11,   18, 
  21,   22  ] , which varies widely in the general 
population. However, preoperative thin- 
section CT scans allow surgeons to make 
a precise assessment of these anatomic 
structures during preoperative planning 
(Fig.  4.10 ).       Surgical Application 

 During middle ear surgery, in order to reach 
the posterior tympanic sinus, section of the 
stapedial tendon and drilling of the pyrami-
dal process may be required. 
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 ponticulus and the pyramidal eminence and 
 inferiorly by the subiculum and the styloid 
eminence. 

 The sinus tympani has a great variability in 
size and shape and depth. Its posterior extension 

varies between 0.2 and 10 mm with an average of 
2 mm  [  25–  27  ] . 

 In about 10 % of the population, the sinus 
tympani and posterior tympanic sinus form one 
con fl uent recess  [  24  ] .     

  Fig. 4.11    Endoscopic view of a right middle ear showing 
the different sinuses and recesses of the retrotympanum. 
 PTS  posterior tympanic sinus,  ST  sinus tympani,  LTS  lat-
eral tympanic sinus,  FS  facial sinus,  PE  pyramidal emi-
nence,  SE  styloid eminence,  1  ponticulus,  2  subiculum,  3  
pyramidal ridge,  4  chordal ridge,  OW  oval window,  RW  
round window,  S  stapes,  T  stapedial tendon,  Pr  promon-
tory,  HC  hypotympanic cells,  VII  facial nerve       

a b c

  Fig. 4.12    Transversal computed tomographic view of 
right ears with different depths of the sinus tympani. ( a ) 
Type A, ( b ) Type B, ( c ) Type C. Deepest point of the sinus 
tympani ( thick black arrow ), facial nerve ( white arrow ), 
round window membrane ( thin black arrow ), posterior 

semicircular canal PSCC ( arrowhead ). The  red arrow  in 
( a ) represents the distance between the facial nerve and 
the PSCC. The  red arrow  in ( c ) represents the retrofacial 
approach to the sinus tympani       

     Sinus Tympani Types and Surgical 

Approaches 

 Based on its depth, the sinus tympani is 
classi fi ed into three types with an equal 
 frequency in the general population  [  28, 
  29  ]  (Fig.  4.12 ). 

   Type A is a shallow sinus tympani; it is • 
small and does not reach the level of the 
vertical portion of the facial nerve 
 posteriorly. In such cases surgical trans-
canal access to the sinus tympani is 
possible.  
  Type B sinus tympani is of intermediate • 
depth; it lies medial to the vertical por-
tion of the facial nerve but does not 
extend posteriorly deeper than the level 
of the facial nerve. A total and clear visu-
alization of such sinus tympani could not 
be achieved without the use of an endo-
scope. Any blind dissection in the sinus 
tympani without endoscopic visualiza-
tion carries a risk of residual disease or a 
possible injury to a dehiscent facial nerve 
or a high jugular bulb  [  30  ] .  
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    4.5   Anatomy of the Attic 
(The Epitympanum) 

 The attic is the part of the tympanum situated 
above an imaginary plane passing through the 

short process of the malleus. The attic occupies 
approximately one-third of the vertical dimen-
sion of the entire tympanic cavity and lodges the 
head and neck of the malleus, the body, and the 
short process of the incus (Fig.  4.13 ). The attic is 
bounded by the following walls: 

    • The lateral wall  of the attic is formed  inferiorly 
by Shrapnell’s membrane and superiorly by a 
bony wall, called the outer attic wall, “ le mur 
de la logette des osselets.”   
   • The medial wall  of the attic is a part of the 
medial wall situated above the tympanic seg-
ment of the facial nerve and tensor tympani 
muscle. It contains the lateral semicircular 
canal. This wall may be pneumatized by the 
supralabyrinthine tract (see Sect.   2.6.2     and 
Fig.   2.33    ).  
   • The posterior wall  is occupied almost entirely 
by the aditus ad antrum. It is 5–6 mm high and 
is usually larger above than below. The aditus 
provides a communication between the antrum 
and the rest of the  tympanic cavity.  
   • Inferiorly , the tympanic diaphragm divides 
the attic into an upper unit situated above the 
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  Fig. 4.13    Schema showing 
the upper unit and the lower 
unit of the attic.  VII  facial 
nerve,  CP  cochleariform 
process       

  Type C sinus tympani is very deep; it • 
extends posteriorly more deeply than 
the vertical portion of the facial nerve. 
This type is frequently encountered in a 
well-pneumatized mastoid. Despite the 
use of an otoendoscope, the pathology 
of such deep sinus could not be explored 
entirely from the middle ear; therefore, 
access should be obtained through a 
transmastoid retrofacial approach. This 
approach requires enough distance of 
more than 2 mm between the facial 
nerve and the posterior semicircular 
canal; otherwise, these structures could 
be easily injured.    

 

http://dx.doi.org/10.1007/978-3-642-36967-4_2#Sec59
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tympanic diaphragm and a lower unit of the 
attic (the Prussak’s space), which is below the 
diaphragm. Medially, the tympanic diaphragm 
separates the upper unit of the attic from the 
underlying upper mesotympanum. The upper 
unit of the attic and the mesotympanum com-
municate together for ventilation purposes 
through an opening through the diaphragm 
called the tympanic isthmus  [  33,   34  ]  (Figs.  4.13  
and  4.14 ) (see Sect.   3.6.3    ).     

    4.5.1   The Upper Unit of the Attic 

 The upper unit of the attic lies above the tym-
panic diaphragm (see Chap.   3    , Mucosal Folds). 
Medially, the tympanic diaphragm separates 
the upper unit of the attic completely from the 

underlying upper mesotympanum. A communi-
cation between both spaces for ventilation pur-
poses is only possible through an opening of the 
tympanic diaphragm, called the  tympanic isth-
mus  (see Fig.   3.41    ). The tympanic isthmus is 
situated between the tensor tympani muscle 
anteriorly and the posterior incudal ligament 
posteriorly (see Sect.   3.6.4    ) Laterally, the tym-
panic diaphragm separates the upper unit of the 
attic from the lower unit of the attic, the Prussak’s 
space. Posteriorly, the upper unit of the attic 
communicates with the mastoid cavity through 
the aditus ad antrum. 

 In addition to this separation by the tympanic 
diaphragm in the horizontal plane, several folds 
and ligaments in the perpendicular planes lead to 
further divisions and spaces of the upper unit of 
the attic: 

Attic

Lower Unit
(Prussak’s space)

Anterior AtticPosterior Attic

Lateral Posterior
Attic

Superior Incudal
Space

Lateral Malleal
Space

Anterior Malleal
Space

Anterior
Epitympanic

Recess

Medial Posterior
Attic

Upper Unit

Upper Lateral
Attic

Lower Lateral
Attic

Sup. Incudal
Fold

Lateral Incudo Malleal F.

Supratubal
Recess

Tensor Tympani Fold

Sup. Malleal F.

Tympanic Diaphragm

Cog

  Fig. 4.14    Table showing the organization of the different compartments of the attic       

 

http://dx.doi.org/10.1007/978-3-642-36967-4_3#Sec78
http://dx.doi.org/10.1007/978-3-642-36967-4_3
http://dx.doi.org/10.1007/978-3-642-36967-4_3#Fig41
http://dx.doi.org/10.1007/978-3-642-36967-4_3#Sec79
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 The  superior malleal fold  with a coronal 
 orientation divides the upper unit of the attic into 
two different spaces: a posterior and larger one, 
 the posterior attic , and an anterior and smaller 
one,  the anterior attic  (Figs.  4.14  and  4.15 ).  

    4.5.1.1   Posterior Attic or Posterior 
Epitympanum 

 The posterior attic is largely occupied by the 
 posterior part of the head of the malleus, the body, 
and short process of the incus. In adult, the 
 distance from the tip of the incus to the attic roof 
is about 6 mm  [  31  ] . 

 The posterior attic is divided into the medial 
posterior attic and the lateral posterior attic by the 

superior incudal fold oriented in a sagittal plane 
(Figs.  4.14  and  4.16 ).  

      The Medial Posterior Attic 
 The medial posterior attic or the medial incudal 
space is the larger compartment of the posterior 
attic; it is bounded by the lateral semicircular 
canal and the Fallopian canal medially and the 
ossicles and the superior incudal fold laterally. 
The distance between the lateral semicircular 
canal and the incus body is 1.7 mm  [  33  ] . The 
medial posterior attic contains essentially the 
tympanic isthmus that is divided by the medial 
incudal fold into an anterior and a posterior tym-
panic isthmus. These openings represent the main 

  Fig. 4.15    Superior view 
of a right middle ear, showing 
the attic divided by the 
superior malleal fold ( SMF ) 
into a smaller anterior attic and 
a larger posterior attic.  AML  
anterior malleal ligament, 
 LML  lateral malleal ligament, 
 TTM  tensor tympani muscle 
tendon,  PB  petrous bone,  PIL  
posterior incudal ligament,  PE  
pyramidal eminence, 
 CP  cochleariform process,  VII  
facial nerve,  LSCC  lateral 
semicircular canal       

  Fig. 4.16    Superior view of the right middle ear, showing 
the different compartments of the posterior attic. The 
medial attic lies medial to the superior incudal fold ( SIF ), 
the superior incudal space lies above the lateral incudo-
malleal fold (LIMF) and superior to SIF, the lateral mall-
eal space ( LMS ) lies above the lateral malleal fold ( LMF ). 

 MIF  medial incudal fold,  AML  anterior malleal ligament, 
 LML  lateral malleal ligament,  TTM  tensor tympani mus-
cle,  PB  petrous bone,  PIL  posterior incudal ligament,  PE  
pyramidal eminence,  CP  cochleariform process,  VII  facial 
nerve,  LSCC  lateral semicircular canal       
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route of aeration of the whole epitympanum 
(Figs.  4.14  and  4.16 ).  

      The Lateral Posterior Attic 
 The lateral posterior attic is narrower, located 
between the outer attic wall laterally and the mal-
leus head, incus body, and superior incudal fold 
medially. The lateral posterior attic is further 
divided into three spaces: the superior incudal 
space and the lateral malleal space forming the 
upper lateral attic and the inferior incudal space, 
called the lower lateral attic (Figs.  4.14  and 
 4.16 ). 

      Upper Lateral Attic 
 The upper lateral attic is composed of two spaces 
that are largely opened to each other, but at 
 different levels: posteriorly the space lying 
above the lateral incudomalleal fold is called the 
superior incudal space, and more anteriorly the 

space lying above the lateral malleal fold is 
called the lateral malleal space (Figs.  4.14 ,  4.16 , 
and  4.17 ) .  

    • Superior incudal space (SIS)  
  The superior incudal space lies in a more superior 
position in relation to the lateral malleal space. It 
is limited inferiorly by the incudomalleolar fold 
which separates it from the inferior incudal space 
(Figs.  4.14 ,  4.16 , and  4.17 ) .   

   • The lateral malleal space (LMS)  
  The lateral malleal space is a distinct anatomic 
area, part of the lateral attic, and lies above the 
lateral malleal fold. It is limited medially by the 
malleus head and neck, laterally by the outer attic 
wall, anteriorly by the anterior malleal fold, and 
posteriorly by the downwards turning end of the 
incudomalleal fold  [  32  ] . The lateral malleal space 
is regularly opened superiorly and thus in free 
communication with the superior incudal space 
(Figs.  4.14 ,  4.16 , and  4.17 ) .     

 Infrequently, the lateral malleal fold is incom-
plete and a direct communication exists between 
the Prussak’s space and the lateral malleal space 
 [  33–  37  ] . 

 In rare cases the incudomalleal fold may 
extend over the entire lateral malleal space; that 
means that the lateral incudomalleal fold slopes 
down and joins the posterior malleal fold. In 
such cases, the lateral malleal space is isolated, 
separated from the superior incudal space, but it 
gets in direct communication with the inferior 
incudal space  [  32  ] .  

      Lower Lateral Attic: Inferior Incudal Space (IIS) 
 The inferior incudal space lies below the lateral 
incudomalleal fold, therefore inferior to the 
 tympanic diaphragm. It is located between the 
more dependent portion of the short process and 
the body of the incus medially and the scutum 
laterally (Figs.  4.14  and  4.17 ). A particular region 
of the mesotympanum guarantees the ventilation 
of this space. This region of ventilation for the 
inferior incudal space is limited medially by the 
medial incudal fold and anteriorly by the inter-
ossicular fold which lies between the long pro-
cess of the incus and the upper 2/3 of the malleus 
handle  [  31  ] .    

  Fig. 4.17    Lateral view of a right middle ear after 
removal of the tympanic membrane and the outer attic 
wall, showing the different compartments of the lateral 
attic: the superior incudal space ( SIS ) above the lateral 
incudomalleal fold ( LIMF ), the inferior incudal space 
below the LIMF, and the lateral malleal space ( LMS ) 
above the lateral malleal fold ( LMF ) on a more inferior 
level than the SIS, but usually in open communication 
with each other. The posterior boundary of the LMS is 
represented by the descending portion of the LIMF.  SMF  
superior malleal fold,  SIF  superior incudal fold,  PIL  pos-
terior incudal ligament,  MIF  medial incudal fold,  M  mal-
leus,  LP  lateral process of malleus,  AMLF  anterior 
malleal ligamental fold       
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    4.5.1.2   Anterior Attic or Anterior 
Epitympanum 

 The anterior attic is a separate cavity of varying 
shape. It is situated anterior to the head of mal-
leus and the superior malleal fold. 

 The anterior epitympanum is divided into 
two spaces by the cog  [  36  ] . The cog is a bony 
crest that extends inferiorly from the tegmen; 
it is superior to the cochleariform process and 
anterosuperior to the malleus head. It divides the 
anterior attic into a small posterior space, the 
anterior malleal space, and large anterior space: 
the anterior epitympanic recess (Figs.  4.14 ,  4.15 , 
and  4.18 ).  

      The Anterior Malleal Space (AMS) 
 The anterior malleal space is of variable size 
and situated between the head of the malleus 
posteriorly and the cog anteriorly (Figs.  4.14  
and  4.18 ).  

      The Anterior Epitympanic Recess (AER) 
(Figs.  4.14  and  4.18 ) 
 The anterior epitympanic recess has been given 
different names such as anterior epitympanic 
sinus, anterior epitympanic space, sinus epitym-

pani, and even supratubal recess. However, addi-
tional anatomic studies identi fi ed the supratubal 
recess (STR) and the anterior epitympanic recess 
(AER) as two distinct spaces separated by the 
tensor tympani fold (TTF)  [  6,   31,   37  ] . Therefore, 
the term anterior epitympanum should be reserved 
for the whole anatomic entity composed of the 
anterior malleal space and the AER. The supra-
tubal recess is considered as a part of the pro-
tympanum (see Sect.  4.2.2 ). 

 The AER presents the following boundaries 
 [  37–  39  ] :

    • Superiorly:  the anterior part of the tegmen 
tympani  
   • Anteriorly:  the zygomatic root  
   • Posteriorly:  the cog  
   • Laterally:  the scutum  
   • Medially:  the anterior portion of the tympanic 
portion of the facial nerve and the geniculate 
ganglion  
   • The  fl oor:  represented by the cochleariform 
process and the TTF (Fig.  4.18 ).    
 The TTF is an integral part of the tympanic 

diaphragm (see Sect.   3.6.3    ). When the TTF is 
complete, the anterior tympanic recess and the 
supratubal recess form two separate spaces. 
When there is a defect in the TTF (in 15 % of 

Scutum

TTM

TTF

tegmen

Cog

malleus

  Fig. 4.18    Schema 
of a medial view of a right 
middle ear showing the 
different spaces of the 
anterior attic:  1  supratubal 
recess,  TTF  tensor tympani 
fold,  2  anterior epitympanic 
recess,  3  anterior malleal 
space, TTM tensor tympani 
muscle (Reproduced with 
permission from the Journal 
of Otolaryngology-Head 
And Neck Surgery, Decker 
Publishing Publisher  [  43  ] )       
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cases), the AER is in direct communication with 
the supratubal recess serving as an accessory 
route of aeration of the attic called the anterior 
route of ventilation, the posterior route being rep-
resented by the anterior and posterior tympanic 
isthmus  [  35,   36,   38  ] . 

 The size of the AER is variable between indi-
viduals. CT scan permits the measurement of 
the size of the recess; its mean size is about 
4 × 4 mm. Transmastoid approach to the AER 
with conservation of the ossicular chain 
requires minimum dimensions of 3 × 3 mm 
 [  37  ]  (Fig.  4.19 ).      

a b

  Fig. 4.19    Axial computed tomographic views of the 
anterior epitympanum. ( a ) The cog with its largest lateral 
part ( black arrow ) and its continuity towards the medial 
attic wall ( small white arrow ); anterior malleal space 
( white long arrow ); anterior epitympanic recess AER (*); 

 M  malleus head,  Z  zygoma. ( b ) Mensuration of the rele-
vant transversal diameter of the AER ( punctated line ), 
perpendicular to the incudo-malleal axis ( long white line ) 
between the lateral limit of the cog ( long black arrow ) and 
the cochleariform process ( short black arrow )       

     Clinical Applications 

 The AER in Chronic Otitis Media (Fig.  4.20 )    

 The AER is highly important to consider in 
cases of recurrent otorrhea with central or 
anterior perforation not responding to 
 conventional medical therapy or in front of 
mucoid middle ear effusion that persists or 

recurs despite repetitive myringotomies 
with tube insertion. In addition the AER 
must be investigated in the presence of 
retraction pocket especially when it is 
anterosuperiorly  oriented. In these cases 
the TTF is complete and blocks the aera-
tion of the anterior epitympanum from the 
anterosuperior mesotympanum creating a 
dysventilation syndrome. This situation 
will not respond to posterior atticotomy 
alone. 

 When performing middle ear surgery 
for dysventilation pathology with isthmus 
blockage, an imaging study of the AER 
with CT scan is  mandatory not only to 
assess its involvement but also to obtain its 
dimensions in order to select the surgical 
approach. Resection of the cog and the TTF 
is fundamental to create an anterior route of 
ventilation between the pro tympanum, the 
supratubal recess, the AER, and the poste-
rior attic  [  35,   37  ] . 
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    4.5.2   The Lower Unit of the Attic 
(Prussak’s Space) 
(Figs.  4.13 ,  4.14 , and  4.21 ) 

 In 1867, Prussak described a superior pouch of 
the tympanic membrane located between Shrap-
nell’s membrane and the neck of malleus and 
 distinct from the anterior and posterior pouches 
of von Tröltsch. Later this superior pouch was 
renamed Prussak’s space  [  40  ] .  

 The Prussak’s space is formed from the 
posterior pouch of von Tröltsch as a prolonga-
tion of either a low portion or a high portion of 
the superior saccus, replacing the mesenchy-
mal tissue between the neck of the malleus 
and Shrapnell’s membrane  [  2  ] . The aeration 
pathway remains the same as the route of ori-
gin which is the posterior pouch of von 
Tröltsch. 

 The Prussak’s space is situated inferior to the 
tympanic diaphragm and represents the lower 
unit of the attic. Laterally, the Prussak’s space 
extends superior to the roof of the external audi-
tory canal by 0.4 mm and attains its largest cross 
section of 2.6 mm at the level of the roof of the 
external ear canal  [  4  ] . It presents the following 
limits:

    • The roof  is the lateral malleal fold which is a 
low portion of the tympanic diaphragm.  

  Fig. 4.21    Lateral view of the Prussak’s space (prs) after 
refl ection of the Shrapnell’s membrane.  mlf  lateral malleal 
fold,  amlf  anterior malleal ligamental fold,  ps  posterior tym-
panic spine,  as  anterior tympanic spine.  Yellow arrow , aera-
tion of Prussak’s space through the posterior pouch of von 
Tröltsch. Reproduced with modifi cation from Marchioni 
 [  44 , Fig. 1 ]  (With kind permission from Springer Science 
and Business Media, Springer and the original publisher)       

a b

  Fig. 4.20    ( a ) Left ear after transmastoid anterior attico-
tomy showing a complete tensor tympani fold (*) after 
removal of the cog.  I  incus,  M  malleus head,  EAC  external 
auditory canal. Notice that the tensor tympani fold is thick 
and in fl ammatory secondary to chronic otitis media. 

( b ) Axial computed tomographic view of a right ear, 
showing an unusual image of a sclerotic TTF (tensor tym-
pani fold,  white arrow ) secondary to an invasive tympano-
sclerosis.  Cog black arrow, M  malleus,  I , incus       
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   • The  fl oor  is formed by the neck of the 
malleus.  
   • The anterior limit  is the anterior malleal 
fold.  
   • The lateral wall  is formed by the pars  fl accida 
and the lower edge of the outer attic wall, the 
scutum.  
   • The posterior wall  is opened to the posterior 
pouch of von Tröltsch and then to the 
mesotympanum.    
  The Prussak’s space  ventilation route is inde-

pendent of the upper unit of the attic. The 
Prussak’s space is ventilated through the  posterior 
pouch of von Tröltsch which is particularly rough 
and narrow, as compared to the tympanic isthmus 
that is wider and provides large ventilation of the 
upper unit of the attic  [  32  ]  (Fig   .  4.21 ).    

  Fig. 4.22    ( a ) Attical 
cholesteatoma. ( b ) 
Transversal computed 
tomographic view of a right 
ear, showing a retraction 
pocket with its thickened 
capsule ( white arrow ) in the 
Prussak’s space, extending 
anteriorly into the lateral 
attic.  EAC  external auditory 
canal       

a b

    Clinical Applications 

 Prussak’s Space Dysventilation 

and Attical Cholesteatoma 

 The possibility of closure of the posterior 
pouch of von Tröltsch following thick mucus 
secretion formation during chronic in fl am-
matory otitis is high. This event may cause a 
selective dysventilation of Prussak’s space 
and development of pars  fl accida retraction 
pocket with adhesion to the malleus neck 
(Fig.  4.22 ). This event may take place with-
out any involvement of the other compart-
ments of the upper unit that are situated 
superior to the tympanic diaphragm  [  41  ] .  

 Initially the sac of the retraction pocket 
remains small and super fi cial to the ossi-
cles. However, continued retraction and 
keratin accumulation lead to enlargement 
of the sac and its expansion via pathways 
of least resis tance. 

 The growth pathways of attical cho-
lesteatoma could be one of the following 
(Fig.   4.23 ): 

    Pathway 1 : The cholesteatoma pro-
gresses through the posterior pouch of von 
Tröltsch. The posterior tympano-malleolar 
fold directs this expansion towards the infe-
rior incudal space. From there, cholestea-
toma may extend medial to the long process 
of the incus and then, through the tympanic 
isthmus, into the medial attic (Fig.  4.24 ).   

   Pathway 2 : The cholesteatoma 
 progresses through a thin part of the lateral 
malleal fold directly to the upper unit of the 
attic and from there to the posterior attic, 
aditus, and then to the antrum (Fig.  4.25 ).   

   Pathway 3 : The cholesteatoma pro-
gresses from the lateral malleal space to the 
anterior attic, anterior epitympanic recess, 
and then it extends downwards to invade 
the supratubal recess and the protympanum 
(Fig.  4.26 ).     

 It should be emphasized that the folds of 
the attic direct the spread of cholesteatoma, 
but they do not constitute effective barriers 
to retain its expansion  [  4  ] . 
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  Fig. 4.24    Transversal ( a ) and coronal ( b ) computed 
tomographic view of a left ear with cholesteatoma grow-
ing according to the  fi rst pathway (Fig.  4.23 ). ( a ) 
Obliteration of the interossicular space between the mal-
leus handle ( long white arrow ) and the long process of the 

incus ( short white arrow ) reaching the promontory ( black 
arrow ). ( b ) Further growth of the cholesteatoma from the 
medial mesotympanum ( black arrow ) to the medial attic 
( white arrow ) along the ossicular chain       

a b

  Fig. 4.25    Transversal computed tomographic view of a 
left ear showing a cholesteatoma growing from the 
Prussak’s space according to the second pathway 
(Fig.  4.23 ). ( a ) Obliteration of the superior incudal space 

( white arrow ). ( b ) On a more superior cut than ( a ), the 
obliteration shows a convex posterior contour ( white 
arrow ) due to the anatomical con fi guration of the lateral 
incudomalleal fold and the posterior incudal ligament       

a b

  Fig. 4.23    Attical cholesteatoma growth pattern. From the 
Prussak’s space cholesteatoma can extend through one of 
the following three tracts: ( 1 ) through the posterior pouch 
of von Tröltsch to the lower lateral attic (inferior incudal 
space,  IIS ), ( 2 ) through a defect in the lateral malleal fold 
( LMF ) to the lateral malleal space ( LMS ) and then to the 
superior incudal space ( SIS ), or ( 3 ) from the lateral mall-
eal space through the superior malleal fold defect ( SMF ) 
to the anterior attic.  SIF  superior incudal fold,  PIL  poste-
rior incudal ligament,  MIF  medial incudal fold,  M  mal-
leus,  LP  lateral process of malleus,  AMLF  anterior malleal 
ligamental fold       
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    4.6   The Mesotympanum 

 The mesotympanum is the central and the biggest 
compartment of the middle ear cavity. However, 
it is the narrowest one; its depth is about 2 mm 
only. It is limited medially by the promontory 
and laterally by the pars tensa of the tympanic 
membrane. It is widely open anteriorly,  inferiorly, 

and posteriorly to the protympanum, hypotympa-
num, and retrotympanum, retrospectively. 
Superiorly it is separated from the attic by the 
tympanic diaphragm. 

 The mesotympanum acts like a channel, allow-
ing air coming from the Eustachian tube, to pass 
through the tympanic isthmus upward to provide 
aeration of the whole attic. 

 The lateral wall of the mesotympanum houses 
two important compartments: 

    4.6.1   Tympanic Membrane 
Compartments (Fig.  4.27 )       

    4.6.1.1   Tympanic Membrane Pouches 
    Anterior pouch of von Tröltsch: This pouch is • 
situated between the anterior malleal fold and 
the pars tensa of the eardrum; it communicates 
with the supratubal recess and the pro-
tympanum  [  42  ] .  
  Posterior pouch of von Tröltsch: This pouch • 
is situated between the posterior malleal 
fold and the pars tensa of the eardrum. The 
posterior pouch of von Tröltsch develops 
postero inferiorly, and it opens in the most 
cranial portion of the mesotympanum  [  42  ] . 
It is the main route of ventilation of the 
Prussak’s space.           

  Fig. 4.26    Coronal computed tomographic view of a cho-
lesteatoma in a right ear growing to the anterior epitympa-
num ( long arrow ) according to the third pathway 
(Fig.  4.23 ): retraction pocket from the Prussak’s space (*), 
with amputation of the scutum ( short arrow ), detached 
keratine debris ( empty arrowhead ).  M  malleus       

  Fig. 4.27    Schema of a right 
middle ear lateral wall 
compartments after removal 
of the pars tensa, showing 
the anterior pouch of von 
Tröltsch ( APV ) that is 
isolated from the Prussak’s 
space ( blue arrow ) and the 
posterior pouch of von 
Tröltsch ( PPV ) that is in 
communication with the 
Prussak’s space ( yellow 
arrow ).  as  anterior tympanic 
spine,  ps  posterior tympanic 
spine,  amf  anterior malleal 
fold,  pmf  posterior malleal 
fold,  ma  malleus handle       
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  5

 The term “mastoid” is derived from the Greek 
word  mastós , meaning breast, in reference to the 
shape of this bone. The mastoid process projects 
from the base of the skull and is situated behind 
the external auditory meatus at the inferior part of 
the outer surface of the temporal bone. 

 The mastoid process houses several important 
structures such as the facial nerve, the sigmoid 
sinus, and the labyrinth; it neighbors the middle 
and the posterior cranial fossa. Therefore, a good 
knowledge of the mastoid process anatomy is 
essential to approach it surgically and to avoid 
pitfalls. 

 Furthermore, the mastoid process is the site of 
numerous air- fi lled cavities known as mastoid air 
cells which play an important role in middle ear 
aeration. 

    5.1   Embryology of the Mastoid 

 The mastoid process appears at the 29th week 
of  gestation as a result of the fusion of the 
periosteal layers of the otic capsule and the 
tympanic  process of the squamous bone (see 
Figs.   1.1     and   1.3    ). 

 At birth, the mastoid process is  underdeveloped; 
it becomes prominent by the age of 2 years and 
continues to grow until the age of 6 years. The 
expansion of the mastoid process is an active 
phenomenon and is secondary to the pneumatiza-
tion process taking place inside it. 

 The pneumatization is a process in which 
the mastoid process, initially containing bone 

      The Mastoid                
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marrow, is invaded by the expanding air  fi lled 
sacci. Thereafter, the mastoid becomes the site of 
an air-containing cavity called the mastoid air 
cells. The residual dense bone which did not 
pneumatize forms the septations between the 
mastoid air cells  [  1–  12  ] . 

    5.1.1   Embryology of the Mastoid 
Antrum 

 The antrum, which is the biggest of all mastoid 
air cells, starts its development between the 22nd 
and the 24th week of fetal life. It reaches its adult 
size on the 35th week  [  1,   13,   14  ] . 

 The antrum develops at the center of the mastoid 
process on both sides of the petrosquamous  fi ssure. 
The medial part of the antrum, the petrous part, 
develops from the saccus medius and the lateral 
part, the squamous part, develops from the saccus 
superior (Figs.   4.2     and   4.3    ) (see Chap.   4    ). The 
fusion plane between the petrous part and the 
squamous part gives the petrosquamous  fi ssure. 
Failure of complete fusion between the two sacci 
leads to a septation of the mastoid antrum by a bony 
 partition called the Korner’s septum  [  15  ]  (Fig.  5.1 ).  

 The antrum is well developed at birth and has a 
mean surface of 1 cm 2   [  16  ] . The size of the antrum 
does not change after birth; however, it undergoes 
medial displacement because of the growth of the 
mastoid process. The mastoid process continues 
to grow until puberty and even beyond.  

    5.1.2   Postnatal Mastoid 
Pneumatization 

 At birth, the mastoid process contains only the 
antrum. After birth, mastoid air cells develop as 
an outgrowth of the antrum; epithelial air tracts 
bud from the antrum and extend to the adjacent 
areas of the temporal bone to form the mastoid 
air cells (Fig.  5.2 ). This extension is facilitated by 
the differentiation of bone marrow into loose 
mesenchyme. This process is called mastoid 
pneumatization.  

    5.1.2.1   The Tracts of Pneumatization 
 Mastoid pneumatization proceeds through  several 
well-established tracts. These tracts of pneumati-

  Fig. 5.1    Transversal computed tomography view of a left 
ear. Thin hyperlucent line ( white arrows ) along the fusion 
zone between the squamous and petrosal part of the mastoid, 
resulting in a bilamellar Korner’s septum. Developmental 
arrest of the vestibule (*)       

a b

  Fig. 5.2    Transversal 
computed tomography of 
right ears: ( a ) in a newborn, 
showing the antrum (*) as the 
only air cell at this age; ( b ) in 
a child of 2 years old, 
showing advanced mastoid 
pneumatization medial and 
inferior to the antrum 
( arrows )       
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zation vary considerably. The main tracts of 
pneumatization are the following: 

      The Posterosuperior Cell Tract 
 The posterosuperior tract extends medially from 
the antrum at the junction of the posterior and 
middle fossa dural plates and above the superior 
semicircular canal and the internal auditory 
canal. It pneumatizes the medial pyramid of the 
 temporal bone.  

      The Posteromedial Cell Tract 
(Superior Retrolabyrinthine) 
 The posteromedial tract extends medially 
through the antrum, parallel and inferior to the 
posterosuperior tract, to pneumatize the medial 
pyramid.  

      The Subarcuate Cell Tract 
(Translabyrinthine) 
 The subarcuate tract is situated more medially. It 
arises from the mastoid antrum and extends 
anteromedially passing below the superior semi-
circular canal; it pneumatizes the petrous apex.  

      The Perilabyrinthine Cell Tract 
 The perilabyrinthine cell tract arises from the 
antrum and pneumatizes the labyrinthine area. 
It is divided into the supralabyrinthine and the 
infralabyrinthine tracts. It can extend to the 
petrous apex.  

      The Peritubal Tract 
 This tract arises from the mastoid antrum and 
pneumatizes the tubal and peritubal area passing 
inferior to the labyrinth.   

    5.1.2.2   Mastoid Pneumatization Phases 
 The pneumatization of the mastoid begins at 
the 33rd week of gestation and ceases around 
puberty  [  1,   2,   17  ] . The last air cells to develop are 
the cells of the petrous apex. These air cells are 
present in about 35–40 % of adult temporal bones 
 [  2,   18,   19  ] . 

 From birth until puberty, three phases of 
 mastoid pneumatization are distinguishable:

   Phase I (0–1 year): The antrum is of adult size • 
at birth and has a mean surface of 1 cm 2  
(Fig.  5.2 ). During the  fi rst year of life, there is 
a rapid development of mastoid air cells. 
These new mastoid air cells add 3 cm 2  to the 
whole surface of mastoid air cell system, 
resulting in a total surface of 4 cm 2  at the age 
of 1 year. 

 In the same time the mastoid process 
increases 1 cm in length and width and 0.5 cm 
in depth.  
  Phase II (1–6 years): during this phase, mas-• 
toid pneumatization follows a linear pattern 
adding about 1 cm 2  per year. At the age of 
2 years, the mastoid tip covers the emergence 
of the facial nerve at the stylo mastoid foramen. 
The mastoid process growth increases then by 
about 0.5 cm per year in length and width and 
0.25 cm per year in depth (Fig.  5.2 ).  
  Phase III (6 years–puberty): during this phase • 
the pneumatization process is very slow. It 
continues until puberty when the aerated 
 mastoid process reaches its adult size. The 
mean adult mastoid air cells surface is about 
12 cm 2   [  2,   16  ] .    
 Postnatal mastoid pneumatization displays 

 considerable variation and this is related to 
 several factors including heredity, environment, 
infections, and Eustachian tube function. A con-
troversy exists concerning the relationship 
between the degree of mastoid pneumatization 
and the development of middle ear diseases. 
There are two theories:
    1.    Environmental theory: according to this 

 theory, middle ear diseases presenting early in 
childhood are the cause of the failure of the 
pneumatization process to develop in infants 
and children  [  4–  7,   20–  22  ] .  

    2.    Genetic theory: this theory relates the extent 
of pneumatization to genetic factors, where an 
inherited reduced pneumatization predisposes 
the children to otitis media  [  2,   8–  10  ] .         
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    5.2   Mastoid Process Anatomy 

 The adult mastoid process is cone shaped and 
is slightly oblique forward and downwards. 
Its anterior border is rounded and vertical. Its 
 posterior border is inclined about 45° downwards 
and forward. Behind the superior part of the mas-
toid process, the mastoid foramen is situated 
where the mastoid emissary vein passes. 

 The squamous bone forms the anterosuperior 
portion of the mastoid process. The petrous bone 

forms its postero-inferior part. The junction of 
the two parts forms the petrosquamous suture. 
The petrosquamous suture runs vertically from 
the superior border of the mastoid process to join 
its antero-inferior border just above the mastoid 
tip (Fig.  5.3 ).  

 The mastoid process serves as a point of 
attachment for several muscles like the splenius 
capitis, the longissimus capitis, the digastric, and 
the sternocleidomastoid muscles. The mastoid 
process is larger in men because they require 
larger points of attachment for their bigger 
 muscles. The sternocleidomastoid muscle inserts 
to the outer surface of the mastoid tip. The 
 posterior belly of digastric muscle inserts on the 
digastric groove situated on the inner surface of 
the mastoid tip. The digastric groove is an 
 infallible guide to point the facial nerve 
 emergence from the stylomastoid foramen at the 
anterior end of the groove. 

    5.2.1   Surface Landmarks of the 
Mastoid Process 

 Along the lateral surface of the mastoid 
process, we distinguish several important surgi-
cal landmarks: 

Tympanic
bone

Styloid
process

  Fig. 5.3    Lateral surface of 
a left temporal bone, 
showing the mastoid process 
( black dotted line ) formed 
from a squamous part and 
a petrous part, joined by the 
petrosquamous suture ( white 
dotted line ). The mastoid 
process is attached to the 
tympanic bone by the 
tympanomastoid suture 
( TMS ); * digastric notch       

    Clinical Implications 

 The mastoid process is underdeveloped at 
birth. This situation leaves the facial nerve 
relatively super fi cial and unprotected where 
it emerges from the stylomastoid foramen. 
During dif fi cult delivery, the use of forceps 
may damage the facial nerve by compres-
sion at this level. At the age of 2 years, as 
the air cells develop, the lateral part of the 
mastoid process grows downwards and for-
ward to form the mastoid tip, which covers 
the stylomastoid foramen and offers 
 progressively a better protection to the 
emerging facial nerve. 
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    5.2.1.1   Temporal Line 
 The temporal line is a horizontal ridge situated at 
the upper limit of the mastoid process. It extends 
behind the posterior root of the zygomatic 
process and marks the inferior margins of the 
insertion of the temporal muscle (Fig.  5.3 ). The 
temporal line may be a prominent sharp edge or a 
broad prominence. It may be absent  [  23  ] .   

    5.2.1.2   Henle’s Spine 
 Henle’s spine is a prominent bony plate seen on 
the outer surface of the mastoid process. It is situ-
ated behind and above the posterosuperior quad-
rant of the external auditory meatus and below 
the origin of the temporal line  [  26  ] . This lamella 
is incurved nearly concentrically to the circum-
ference of the meatus and its upper extremity is 
more anterior than its inferior one (Fig.  5.4 ). 
Henle’s spine could be small and smooth or sharp 
and long. It is absent in about 6 % of temporal 
bones  [  27,   28  ] . It serves as a point of attachment 
to the ligaments  fi xing the cartilaginous parts of 
the external acoustic meatus.   

    5.2.1.3   Mac-Ewen’s Triangle 
 The suprameatal triangle or “Mac-Ewen’s  triangle” 
is a depression on the lateral surface of the 
 mastoid process. It is located just between the 
anterior end of the temporal line, Henle’s spine, 
and the posterosuperior quadrant of the external 
acoustic meatus (Fig.  5.4 ).     

Henle’s spine

Mac-Ewen’s
triangle

  Fig. 5.4    Left cadaveric mastoid surface showing Henle’s 
spine and    Mac-Ewen’s triangle.  EAC  external auditory 
canal       

     Surgical Pearl  

 It is widely accepted that the temporal line is 
indicative of the inferior level of the middle 
fossa dura. Hence, during mastoidectomy, it 
is always recommended to drill along, not 
above, the temporal line in order to avoid 
inadvertent injury to the dura  [  24  ] . 

 Cadaveric studies found that the temporal 
line is located about 5 mm inferior to the 
middle fossa dura  [  25  ] . This may suggest 
that the drilling could start even at 5 mm 
above the temporal line without danger to 
the dura in order to increase the surgical 
exposure of the mastoid antrum. 

 The distance between the temporal line 
and the middle fossa dura tends to be bigger 
in temporal bones with an absent Henle’s 
spine  [  25,   26  ] . In cases where the temporal 
line is absent, the Henle’s spine could be 
used as an anatomic criterion to presume the 
level of the middle fossa dura. 

     Surgical Pearl  

 Mac-Ewen’s triangle is a useful anatomic 
landmark for the surgical access to the antrum; 
the mastoid antrum lies about 12–15 mm 
deeper to this triangle. This triangle is 
absent in 10 % of the population  [  29–  32  ] . 

     Surgical Pearl  

 Henle’s spine is an excellent landmark 
during mastoidectomy because it indicates 
the region of the deeply located aditus ad 
antrum. In addition it may serve as a 
landmark for middle fossa dura when the 
temporal line is absent; the dura is situated 
about 1 cm superior to Henle’s spine  [  25  ] . 
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    5.2.2   Surgical Anatomy of the 
Mastoid Antrum 

 The mastoid antrum is the biggest mastoid air 
cell. It is of 10 × 10 mm in dimensions. It is 
located posterior to the external auditory canal 

and middle ear, inferior to the middle fossa 
dural plate, and anterior to the sigmoid sinus 
and the posterior fossa dural plate. The  mastoid 
antrum communicates anteriorly with the attic 
through the aditus ad antrum (Figs.  5.5  and 
 5.6 ).   

  Fig. 5.5    Transverse cut of 
a left cadaveric temporal 
bone showing the antrum at 
the level of the aditus ad 
antrum (*).  PFP  posterior 
fossa plat,  EAC  external 
auditory canal,  1  attic outer 
wall,  2  anterior wall of the 
EAC,  3  posterior wall of the 
EAC,  C  cochlea,  sscc  
superior semicircular canal, 
 m  malleus,  VII  facial nerve, 
 IC  internal carotid artery,  ET  
Eustachian tube,  ma  middle 
meningeal artery,  TMJ  
temporomandibular joint       

a b

  Fig. 5.6    Sagittal cuts through the temporal bone, showing 
in ( a ) the lateral wall of the antrum and in ( b ) the medial 
wall of the antrum containing the labyrinth. Notice that 
the antrum is posterosuperior to the tympanic cavity ( T ). 
The tegmen antrum slopes down as it goes anteriorly. 

Sino-dural angle cells ( SD ) are located posterior to the 
antrum between the sigmoid sinus ( SS ) and the tegmen. 
The facial nerve VII is anteroinferior to the antrum.  EAC  
external auditory canal,  m  malleus,  i  incus,  lssc  lateral 
semicircular cana,  CT  chorda tympani       
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 The depth of the mastoid antrum is a cardinal 
point in mastoid surgery. Despite the fact that 
the antrum reaches its adult size at birth, its 
medial displacement secondary to the pneumati-
zation process renders its depth dependent of the 
age of the subject. Its depth varies also from per-
son to person of the same age. In infants less 
than 1- year-old, the distance between the corti-
cal bone and the antrum is only 2–4 mm 
(Fig.  5.2a ). At 3 years old, the antrum is at 
10 mm from the cortical bone, and in the adult, 
the antrum may be at 25 mm from the mastoid 
cortical bone  [  33  ] . 

    5.2.2.1   Position of the Antrum in Relation 
to Surface Landmarks 

 In young children, the antrum is quickly reached 
by curetting the cortical bone. In adults, the 
antrum is situated below the supramastoid 
ridge, above and in front of the petrosquamous 
suture. Mac-Ewen’s triangle is an important 
indicator of the antrum’s area (compare Figs.  5.4  
and  5.7 ).  

 The relation of the antrum and Henle’s spine 
is age-dependent because the antrum has an 
 inferior and posterior migration during the post-
natal period. Near the age of 10 years, it is on the 

horizontal track designed by the Henle’s spine; 
after this age, the antrum sets about 1 cm behind 
Henle’s spine.  

    5.2.2.2   Deep Relationships of the Antrum 
 Several important structures must be considered 
while operating on the mastoid antrum; the most 
important are the horizontal semicircular canal, 
the facial nerve, the lateral sinus, the posterior 
fossa dural plate, and the tegmen antri. Knowing 
the anatomy of the antrum and its relation to these 
 structures is essential to carry out a safe mastoid 
surgery. 

      The Horizontal Semicircular Canal 
and the Solid Triangle 
 Medially, the antrum is limited by the solid 
 triangle of the mastoid, which is the bony angle 
formed by the three semicircular canals. 

 The horizontal semicircular canal is situated 
just behind the inner wall of the antrum. The canal 
is surrounded by a solid compact bony shell, 
which by itself offers a strong resistance to instru-
ments. The distance from the tegmen antri to the 
lateral semicircular canal is about 6 mm  [  25  ] . 

 The superior semicircular canal runs perpen-
dicular to the lateral canal. It is about 2 mm more 

Tegmen
antri

antrum

LSSC

  Fig. 5.7    A left 
 mastoidectomy showing 
the antrum, with the lateral 
semicircular canal ( LSSC ) 
in its medial wall. Notice 
the relation between the 
Henle’s spine ( S ) and the 
antrum: the antrum is always 
superior and posterior to the 
spine and the external 
auditory canal ( EAC )       
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medially situated. Its anterior crus runs superi-
orly towards the tegmen tympani and then curves 
posteriorly to join the posterior semicircular 
canal forming the common crus. The posterior 
canal also runs perpendicular to the lateral canal. 
The superior half of the posterior canal is located 
superior to a line bisecting the lateral canal called 
Donaldson’s line. The inferior half of the  posterior 
canal runs inferiorly to the Donaldson’s line and 
emerges deep to the vertical portion of the facial 
nerve to enter the vestibule (Fig.  5.8 ).       

      The Petromastoid Canal 
 The petromastoid canal is a canal that runs from 
the posterior cranial fossa to the mastoid antrum; 
it is usually vestigeous and closed. It starts at the 
fossa subarcuata, situated on the posterior surface 
of the temporal bone superiorly and posteriorly 
in relation to the internal auditory canal. It 
 traverses the temporal bone laterally underneath 
the superior semicircular canal and above the 
 lateral semicircular canal to reach the mastoid 
antrum (Fig.  5.9 ). It establishes a potential 
 communication between the mastoid cavity and 
the endocranium. If it is patent, it may be a cause 
of recurrent meningitis.   

      The Mastoid Segment of the Facial Nerve 
 The vertical part of the Fallopian canal drops 
down in the anterior wall of the mastoid cavity in 
a plane almost parallel to the posterior wall of 
the external auditory canal. It passes through a 
compact lamina of bone known under the name 
of the arc-lied premastoid lamina. 

 In adults, the inferior part of the antrum 
neighbors the second genu of the facial nerve. 
The facial nerve must be recognized as it 
emerges from the tympanic cavity between the 
horizontal semicircular canal medial and the 
short process of the incus. The incudal process 
is always more than 2 mm lateral to the facial 

LSCC

SSCC

PSCCDura

  Fig. 5.8    Cadaveric left 
mastoidectomy showing 
lateral semicircular canal 
( LSCC ), the superior 
semicircular canal ( SSCC ), 
and the posterior 
 semicircular canal ( PSCC ). 
Notice the relationship 
between the PSCC and the 
facial nerve ( VII ). Notice the 
Donaldson’s line (the  black 
dotted line ) and the 
endolymphatic sac (*)       

     Surgical Application 

 Donaldson’s Line 
 Donaldson’s line is a straight line that runs 
in the axis of the horizontal semicircular 
canal and bisects the posterior semicircular 
canal. It is an important landmark for 
searching the endolymphatic sac (Fig.  5.8 ). 
The endolymphatic sac sits on the posterior 
fossa dura inferior to Donaldson’s line and 
medial to the labyrinth. Surgical exposure 
of the endolymphatic sac is carried out 
through the retrofacial air cells tract in the 
area bounded: anteriorly by the mastoid 
segment of the facial nerve, posteriorly by 
the posterior fossa plate, superiorly by the 
posterior semicircular canal, and inferiorly 
by the jugular bulb. 
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nerve and it is an important landmark to localize 
the facial nerve. 

 In children, the antrum is highly situated in 
relation to the facial nerve; therefore, the surgical 
approach to the antrum is of a low risk for an 
eventual facial injury. 

 The distance from the vertical segment of the 
facial nerve to the posterior fossa dura ranges 
from 5 to 10 mm  [  3  ] . The distance between the 
mastoid segment of the facial nerve canal and the 
sigmoid sinus is highly variable; it is around 
4 mm  [  34  ] . 

 The distance between the facial nerve and the 
tympanic membrane annulus is about 2–3 mm. 

 The lower one-third of the mastoid segment of 
the facial nerve is in close proximity to the digastric 
ridge where the nerve is always medial and ante-
rior to this structure. The digastric ridge repre-
sents a landmark for the facial nerve identi fi cation. 
At this level, the sigmoid sinus passes medially to 
the facial nerve (Fig.  5.10 ). In a poorly pneuma-
tized temporal bone, the digastric ridge may be 
dif fi cult to identify.  

 The facial nerve exits the Fallopian canal via 
the stylomastoid foramen. The mean depth of the 
facial nerve from the mastoid cortex at the stylo-
mastoid foramen is 13 mm.  

      The Sigmoid Sinus 
 The sigmoid sinus is a continuation of the trans-
verse sinus. It passes through the mastoid process 
in an anteroinferior direction to join the jugular 
bulb, forming a curvature with an anterior angle. 
The posterosuperior part of the sigmoid sinus is 
the most super fi cial part; from there, the sinus 
lays gradually deeper in the mastoid process. 
Inferiorly, at the level of the mastoid tip, it passes 
medial to the digastric ridge and the facial nerve 
to join the jugular bulb (Fig.  5.11 ).  

 At the junction with the jugular bulb, the sigmoid 
sinus receives the inferior petrosal sinus, which 
courses along the inferior portion of the  posterior 
surface of the petrous pyramid. The superior petro-
sal sinus enters the sigmoid sinus at its junction with 
the transverse sinus. Both the superior and the 
 inferior petrosal sinuses are connected to the 
 cavernous sinus. The inferior petrosal sinus is also 
connected to the basilar plexus (Fig.  5.12 ).  

 The position of the sigmoid sinus with respect 
to the external auditory canal is variable. The 
 distance from the sigmoid sinus to the posterior 
external auditory canal ranges from 10 to 20 mm 
 [  34  ] . This distance is dependent on the degree of 
the mastoid pneumatization. The sigmoid sinus 
could be very anterior in poorly pneumatized 

a b

  Fig. 5.9    ( a ) Transversal computed tomography of a left 
ear mastoid at the level of the petromastoid canal ( black 
arrowheads ) in between the two arms of the superior 
semicircular canal ( white arrows ).  SS  sigmoid sinus,  IAC  
internal auditory canal. ( b ) Schema showing a right 

 petromastoid canal taking origin from the posterior cra-
nial fossa ( PCF ) anterosuperior to the internal auditory 
canal (*) and passing below the superior semicircular 
canal ( SSSC ) to the antrum.  MCF  middle cranial fossa       
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Chordo
tympani

Chordofacial
angle

Posterior tympanotomy

Incus

LSCC

Digastric ridge Mastoid segment

a

Mastoid
tip Facial  nerve

Sigmoid sinus

Digastric
ridge

b

  Fig. 5.10    ( a ) Microscopic 
view showing posterior 
tympanotomy and the 
relationship between the 
second genu, the incus, and 
the lateral semicircular canal 
( LSCC ). ( b ) View of the 
mastoid tip showing the 
relationship between the 
digastric ridge and the facial 
nerve       
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SS

Retro-sinusal dura Sinuso-dural angle

MCF

  Fig. 5.11    Cadaveric left 
large mastoidectomy with 
skeletonization of the 
sigmoid sinus ( SS ).  MCF  
middle cranial fossa       

  Fig. 5.12    Schema showing 
right sigmoid sinus and its 
connection with the 
cavernous sinus through the 
superior and inferior petrosal 
sinuses.  JB  jugular bulb       
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bones (Fig.  5.13 ). In a well-pneumatized mastoid 
 process, the lateral aspect of the sigmoid sinus 
could be covered by mastoid air cells (Fig.  5.20 ).   

      The Posterior Fossa Dural Plate 
 The posterior fossa dural plate is a thin plate 
of bone that separates the mastoid antrum and 

mastoid air cells from the posterior cranial fossa. 
It is demarcated by the superior petrosal sinus 
 superiorly, by the sigmoid sinus latero-inferiorly, 
and by the posterior semicircular canal medially 
(Fig.  5.14 ).   

      The Tegmen Antri 
 The tegmen antri is the part of the tegmen lying 
above the mastoid antrum. It separates the antrum 
from the overlying middle fossa dura and the 
temporal lobe (see Sect.   2.4.2.2    ).  

      The Trautman’s Triangle 
 The Trautman’s triangle is an imaginary triangle 
bounded by the tegmen, the superior petrosal 
sinus, the sigmoid sinus, and the bony labyrinth 
(Fig.  5.14 ). Most of the posterior fossa dura 
is included in Trautman’s triangle. In well-
pneumatized temporal bones, the distance 
between the sigmoid sinus and the labyrinth may 
measure up to 10 mm. This distance may be much 
smaller. Exposure of Trautman’s triangle is 
essential for the most neurosurgical approaches 
through the temporal bone. The access from the 
mastoid cavity to the posterior cranial fossa is 
gained by traversing this triangle.  

  Fig. 5.13    Transversal computed tomographic view of a 
sclerotic mastoid (*) of a right ear; the sigmoid sinus ( SS ) 
is very anterior and lateralized.  JB  jugular bulb,  EAC  
external auditory canal       

ST

PCF
dura

Sigmoid
sinus Sino-dural

angle

SPS

MCF
dura

  Fig. 5.14    Cadaveric large mastoidectomy showing the 
middle cranial fossa ( MCF ) and posterior cranial fossa 
( PCF ) dura, the sino-dural angle, and the imaginary 
Trautman’s triangle ( black lined triangle ).  ST  solid trian-
gle,  SPS  superior petrosal sinus       

     Surgical Implication  

 The most common anatomic variant of the 
sigmoid sinus is its anterior displacement. 
This situation can obscure the view of 
the mastoid structures and pathology and 
eventually require a decompression to 
improve access to the needed structures 
(Fig.  5.13 ). Decompression is accomplished 
by removing bone around the sinus itself 
leaving a bony island plate that can 
be pressed down on the sinus without 
signi fi cant risk of tearing the sinus. 

 Also bipolar cauterization of the sinus 
wall makes the sinus shrink and second-
arily increase the space for a comfortable 
surgical approach. 

  

http://dx.doi.org/10.1007/978-3-642-36967-4_2#Sec38
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      The Sino-dural Angle (The Citelli Angle) 
 The citelli angle is the angle between the middle 
fossa and the posterior fossa dural plates 
(Fig.  5.15 ). In a well-pneumatized mastoid, this 
angle is occupied by many small air cells, called 
Citelli cells. These cells must be completely exen-
terated during mastoidectomy for chronic suppu-
rative otitis media; otherwise, persistent infection 
in these cells may lead to recurrence of the pathol-
ogy. In certain cases drilling deep enough down 
into the angle to expose the superior petrosal sinus 
is mandatory in order to exenterate all these cells.   

      The Korner’s Septum 
 The Korner’s septum is a dense bony plate present 
inside the mastoid process. It is a persistent plate 
of bone in the plane of fusion of the two primor-
dia of the mastoid antrum: the saccus medius and 
the saccus superior (see Sect.   4.1    ). This septum 
divides the mastoid process into a super fi cial 
squamous portion and a deep petrous portion. 
The Korner’s septum extends from the posterior 
wall of the external auditory canal; it disperses in 
the air cells close to the middle fossa plate, the 
sino-dural angle, and the sigmoid sinus plate; it 
then runs inferiorly lateral to the facial canal as it 
proceeds to the mastoid tip.    

    5.2.3   The Aditus Ad Antrum 

 The mastoid antrum communicates anteriorly 
with the attic of the middle ear through a narrow 
pathway called the aditus ad antrum. 

 The aditus ad antrum is a short and restricted 
bony canal situated at the posterior prolongation 
of the attic. It has a triangular shape with dimen-
sions of 4 × 4 × 4 mm height, length, and width. In 
adults, the aditus is present in the upper part of 
the anterior wall of the mastoid antrum. However, 
in newborns and infants, it is present in the  middle 
part of this wall. This is because of the postnatal 
inferior migration of the mastoid antrum. 

 The aditus is bounded:
    • Superiorly  by the tegmen.  
   • Medially  and  inferiorly  by the lateral semicir-
cular canal; medial to the later is the second 
genu of the facial nerve.  
   • Laterally  by the scutum.    
 At the level of the aditus, the lateral semicir-

cular canal, the short process of the incus, and 
the second genu of the facial nerve are all closely 
related. The lateral semicircular canal is seen as 
a solid whitish bony prominence positioned from 
anterosuperior to posteroinferior at approximately 
30° angle from the aditus. The second genu of 
the facial nerve is just inferior and medial to the 
 lateral semicircular canal (Figs.  5.16  and  5.17 ).    

    5.2.4   The Mastoid Air Cells 

 The mastoid air cell system is categorized accord-
ing to the various regions of the temporal bone. 
These air cells include: 

Sigmoid sinus SPS Sino-dural angle

MCF
dura

  Fig. 5.15    Left mastoidectomy, showing the sino-dural 
angle.  SPS  superior petrosal sinus,  MCF  middle cranial 
fossa       

     Surgical Implication  

 During mastoid surgery, a well-developed 
Korner’s septum may be mistaken for 
the medial wall of the antrum. If it is not 
recognized, the deep part of the antrum 
would not be exposed. A preoperative 
high-resolution CT scan of the temporal 
bone may demonstrate the presence of this 
septum (Fig.  5.1 ). 

 

http://dx.doi.org/10.1007/978-3-642-36967-4_4#Sec1
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    5.2.4.1   Squamomastoid Cells 
 These air cells are limited to the mastoid process 
itself and are subdivided into:

      • The antrum.  

      • The central mastoid tract, which is the direct 
extension of the antrum inferiorly.  
      • The peripheral mastoid area arising from the 
antrum. The peripheral tract is further subdi-
vided into tegmental cells above the external 
auditory canal, posterosuperior cells (sino-
dural angle), posteroinferior sinusal cells 
(around the sigmoid sinus), facial cells (around 
the mastoid portion of the facial nerve), and 
mastoid tip cells, which are divided into 
medial and lateral groups by the digastric 
ridge. Depending on their extension in regard 
to the sigmoid sinus, the mastoid cells are 
classi fi ed into presinusoidal, sinusoidal, and 
postsinusoidal mastoid cells.      

    5.2.4.2   Petrous Cells 
 The petrous cells are subdivided into perilabyrin-
thine cells and apical cells (Figs.  5.18  and  5.19 ).   

      Perilabyrinthine Cells 
 These are the air cells surrounding the labyrinth; 
they include the supralabyrinthine cells superior 
to the labyrinth and infralabyrinthine cells infe-
rior to the labyrinth. 

 The supralabyrinthine cells are subdivided to 
posterosuperior, posteromedial, and subarcuate 
cells  [  1,   35  ] :

  Fig. 5.17    Transversal computed tomography of a right ear 
showing the aditus ad antrum (*), connecting the antrum 
( A ) to the epitympanum. Incus ( I ), malleus ( M ), scutum 
( long arrow ), lateral semicircular canal ( empty arrowhead ), 
tympanic segment of the facial nerve ( short arrow )       

Posterior canal wall Incus short process

Facial
nerve

Lateral semicircular canal

  Fig. 5.16    Left mastoidectomy 
showing the aditus ad antrum 
( imaginary triangle )       
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   • The posterosuperior cells, arising from the 
antrum, are located around the superior semi-
circular canal and along the posterior surface 
of the petrous bone above the internal auditory 
canal.  
  • The posteromedial cells extend along the 
 posterior surface of the petrous bone beneath 
the posterosuperior cells towards the posterior 
wall of the internal auditory canal  [  36  ] .  
  • The subarcuate cells extend through the arch 
of the superior semicircular canal into the sub-
arcuate fossa  [  1,   35  ] .     

      Apical Cells 
 The apical cells are located medial to the internal 
auditory canal (IAC) and posteromedial to the 
carotid canal. 

 The degree of pneumatization of the petrous 
apex is variable and it is correlated with the 
extent of the mastoid cells  [  1,   35,   36  ] . The 

  Fig. 5.18    Schematic drawing 
showing perilabyrinthine 
cells.  1  supralabyrinthine 
cells,  2  subarcuate cells, 
 3  posteromedial cells, 
 4  infralabyrinthine cells, 
* peritubal cells,  SS  sigmoid 
sinus,  IAC  internal auditory 
canal,  EAC  external auditory 
canal,  ET  Eustachian tube, 
 lscc  lateral semicircular 
canal,  pscc  posterior 
semicircular canal,  sscc  
superior semicircular canal       

  Fig. 5.19    Sagittal oblique computed tomographic recon-
struction showing the supralabyrinthine air cells ( small 
arrows ) and the infralabyrinthine air cells ( long arrows ). 
Mastoid segment of the facial nerve ( arrow heads ). 
Jugular bulb ( JB )       
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petrous apex is usually occupied by a soft bone 
marrow and contains no air cells, so de fi ned as 
diploic petrous apex. However, 30 % of patients 
have a petrous apex which contains air cells 
(pneumatized petrous apex) (Fig.  5.20 )  [  18,   36  ] . 
The apical cells communicate with the perilaby-
rinthine cells laterally and with the peritubal 
cells anteriorly.    

    5.2.4.3   Accessory Air Cells 
 These cells include zygomatic, occipital, 
squamous, and styloid air cells (Fig.  5.20 ).   

    5.2.5   Mastoid Air Cell System Volume 

 The mastoid air cell system is covered with a 
 vascularized cuboidal epithelium. The contact 
between the blood vessels and the basement 
membrane of this epithelium is rather close 
resembling that of the alveoli where extensive 
gaseous exchange takes place. 

 In addition, the mastoid air cell system serves 
as a reservoir of air and a buffer system to replace 
air in the middle ear cavity temporarily in case of 
Eustachian tube dysfunction. 

 The mean volume of air in the mastoid air cell 
system could be of about 5–8 ml. CT scan evalu-
ation of the temporal bone is considered to be the 
best modality to assess the mastoid air cell sys-
tem and the type of pneumatization (Fig.  5.21 ).  

 The pneumatization of the mastoid air cell 
system can be divided into three types:
    1.    Sclerotic mastoid – pneumatization is absent.  
    2.    Diploic mastoid – pneumatization is partial.  
    3.    Pneumatic mastoid – full and complete 

pneumatization.           

a b

  Fig. 5.20    Computed tomography of right ears. ( a ) 
Well-pneumatized petrous apex ( arrow ) with well-
pneumatized postsinusoidal cells ( double arrows ), 

posteromedial retrolabyrinthine cells ( arrowheads ), 
zygomatic cells ( ZC ). ( b ) Diploic petrous apex ( arrow ); 
 SS  sigmoid sinus       

     Clinical Implication 

 A communication between the mastoid 
antrum and the petrous apex exists through 
the perilabyrinthine cells (Figs.  5.18  and 
 5.20 ). The spread of an ear infection can 
involve the air cells around the petrous 
apex leading to osteomyelitis of the petrous 
apex, “petrous apicitis.” In fl ammation of 
this region may involve the sixth cranial 
nerve at the Dorello’s canal and the  fi fth 
cranial nerve in the Meckel’s cave giving 
symptoms of Gradenigo syndrome with 
the triad of a discharging ear, retro-orbital 
pain due to the involvement of trigeminal 
ganglion, and diplopia (see Fig.   1.14    ). 

 

http://dx.doi.org/10.1007/978-3-642-36967-4_1#Fig2
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  6

 The facial nerve, or cranial nerve (CN VII), is the 
nerve of facial expression. Due to various devel-
opmental events, the trajectory of the facial nerve, 
from its origin in the brainstem to the muscles of 
the face, is tortuous and complex. The ingenious 
pathway of the facial nerve through the middle 
ear and mastoid adds to the complexity and 
re fi nement of middle ear microsurgery. Thus, a 
thorough knowledge of the facial nerve anatomy 
along with its multiple landmarks is essential for 
an accurate, safe, and effective surgical interven-
tion in the middle ear. 

 A basic understanding of the developmental 
anatomy is necessary to anticipate the various 
anatomical situations encountered during ear 
surgery. 

    6.1   Facial Nerve Development    

 The development of the motor root of the facial 
nerve is independent of the development of the 
sensory root and the geniculate ganglion. 

 The facial nerve primordium is  fi rst recog-
nized at the 4th week of gestation as a collection of 
cells at the vicinity of the auditory placode, which 
will generate the otocyst (Fig.  6.1 ). These cells 
are derived from neural crest cells and epibran-
chial microplacodes of the second branchial 
arch. Then, the facial nerve primordium extends 
to the primitive geniculate ganglion region as a 
narrow band; meanwhile, the acoustic nerve has 
reached the otocyst  [  1  ] .  

      Facial Nerve                
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 In the 5th week, the facial motor nucleus 
can be identi fi ed in the developing brainstem. 
Nerve  fi bers leave the nucleus and pass caudal 
to the region of the geniculate ganglion. These 
 fi bers bend dorsally to give the horizontal 
 segment of the nerve which passes between 
the developing labyrinth and the upper end of 
the Reichert’s cartilage. The upper end of the 
Reichert’s cartilage will become the blastema of 
the stapes (Fig.  6.2 ). Finally the facial nerve 
bends vertically before passing into the 
 substance of the second branchial arch, the 
 laterohyale  [  1  ]  (Fig.  6.3 ).   

 In the 5th week, the chorda tympani is the  fi rst 
branch of the facial nerve to appear. At this time, 
the chorda tympani nerve and the facial nerve 
trunk are of approximately equal size; this state 
could be encountered clinically in adult ears with 
major atresia  [  2  ] . The chorda tympani nerve 
(Fig.  6.3 ) dives into the mandibular arch to termi-
nate in the same region as the lingual nerve ends 
and where the submandibular ganglion develops. 
The chorda tympani nerve primordium divides 
the mandibular ossicular blastema into malleus 
laterally and incus medially. By the 7th week, 
however, the chorda tympani nerve is smaller 

  Fig. 6.1    Frontal (asymmet-
ric) section of a head of a E9 
mouse embryo. At the right 
side, we observe facial nerve 
 fi bers ( arrow ) in contact with 
the rhombencephalon ( Rh ). 
At the left side, rudiment of 
the geniculate ganglion is 
visible ( large arrow ) at the 
vicinity of the otocyst ( O ) 
and the anterior cardinal vein 
( V ).  I  and  II ,  fi rst and second 
branchial arches       

  Fig. 6.2    Transverse section 
of a 13-mm human embryo, 
showing the close relation-
ship of the facial nerve 
rudiment ( VII ) with the 
stapes ( S ) anlage, crossed by 
the stapedial artery ( SA ). 
Hematoxylin-eosin staining       
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than the facial nerve and remains so until adult-
hood  [  2  ]  (see Fig.   3.2    ). 

 In the 7th week, the sensory root of the facial 
nerve (nervus intermedius) arises from the 
geniculate ganglion and runs between the motor 
root of the facial nerve and the cochleovestib-
ular nerve on its way to the brainstem. At the 
same time the greater petrosal nerve, which is 
the second branch of the facial nerve to appear, 
develops from the anterior aspect of the genicu-
late ganglion. 

 The mesenchyme around the facial nerve 
develops later into the facial nerve canal. The  fi rst 
cartilaginous anlage of the facial canal derives 
from the laterohyale (Figs.  6.3  and  6.4 ). The 
development of the contiguous structures, such 
as the stapes, the labyrinthine capsule, the mastoid 
bone, and the tympanic bone, will determine the 
ultimate trajectory of the facial nerve canal.  

 Originally, the facial nerve passes in a  sulcus 
in the cartilaginous otic capsule; later this  sulcus 
ossi fi es and becomes the bony canal of the 

  Fig. 6.3    Frontal section in a 
15.5-mm human embryo. The 
facial nerve rudiment ( VII ) is 
partially covered by the 
laterohyale ( L ), derived from 
the Reichert’s cartilage, and 
crosses the stapes ( S ), itself 
traversed by the stapedial 
artery ( SA ). The anterior 
cardinal vein ( V ) is lateral to 
the nerve. Hematoxylin-eosin 
staining       

  Fig. 6.4    A 15.5-mm human 
embryo, transverse section. 
Facial nerve is visible in 
close relationship with the 
Reichert’s cartilage ( R ). 
Chorda tympani ( CT ) is more 
anterior, between  fi rst and 
second arches, in relationship 
with the malleus ( M ).  Ph   fi rst 
pharyngeal pouch,  cleft   fi rst 
branchial cleft. Hematoxylin-
eosin staining       
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facial nerve. The process of ossi fi cation has two 
centers:

    • An anterior center:  it develops at the apical 
cochlear ossi fi cation center by the end of the 
20th week gestation.  
   • A posterior center:  it arises at the pyramidal 
eminence by the 25th week of gestation  [  3  ] .    
 Each ossi fi cation center emits two bony pro-

jections that ideally encircle progressively the 
entire length of the facial nerve. At term, about 
80 % of the tympanic segment of the Fallopian 
canal is ossi fi ed; the ossi fi cation is almost 
 completed around 3 months after birth. Facial 
nerve dehiscence is related to failure of complete 
fusion of these two ossi fi cation centers  [  3  ] . 

    6.1.1   Facial Nerve Connections 

 At the 7th week, a ventral offshoot from the 
geniculate ganglion reaches the glossopharyn-
geal ganglion. This will form the lesser 
super fi cial petrosal nerve. At approximately the 
same time, the branch of the stapedial muscle 
appears  [  4  ] . 

 Between the 12th and 13th week, two twigs 
from the dorsomedial surface of the facial nerve 
between the stapedial muscle and the chorda tym-
pani nerve fuse together and reach the superior 
ganglia of the vagus (CN X) and glossopharyn-
geal (CN IX) nerves to give Arnold’s nerve or the 
auricular branch of the vagus nerve. The Arnold’s 
nerve traverses the primitive  tympanomastoid 

 fi ssure and innervates the subcutaneous tissue of 
the posterior aspect of the external auditory canal 
(Ramsay Hunt area)  [  4  ] . 

 By the 17th week, the de fi nitive communica-
tions of the facial nerve, including those with the 
second and third cervical nerves, the trigeminal 
nerve, the vagus nerve, and the glossopharyngeal 
nerve, are established.       

    6.2   Facial Nerve Anatomy 

 The facial nerve is the nerve of the second bran-
chial arch. It contains motor and somatosensory 
components. The somatosensory component of 
the facial nerve is described under the name 
of the nervus intermedius, pars intermedia of 
Wrisberg. 

 The facial nerve is composed of approximately 
10,000 neurons:

   7,000 myelinated neurons: to form the motor • 
part of the facial nerve that innervates the 
expressions muscles of the face and the 
 stapedial muscle.  
  3,000 neurons: to form the nervus intermedius • 
with secretory and somatosensory compo-
nents. They include:

    1.     The afferent taste  fi bers from the  chorda 
tympani  nerve, coming from the anterior 
two-thirds of the tongue  

    2.     The afferent taste  fi bers from the soft palate 
via the  palatine  and  greater petrosal  nerves  

    3.     The  parasympathetic secretory  innerva-
tions to the submandibular, sublingual, and 
lacrimal glands  

     Clinical Applications 

Facial Nerve in Aural Atresia 

 Facial nerve abnormal trajectory is com-
mon in major aural ear atresia. This is due 
to the abnormal development of the tym-
panic bone, which normally pushes the 
mastoid segment of the facial nerve poste-
riorly. The facial nerve may be placed in 
the middle ear cavity, mostly between the 
oval and the round windows (Fig.  6.5 )  [  5  ] .  

     Surgical Pearl  

 At birth, the facial nerve exits the 
stylomastoid foramen on the lateral aspect 
of the skull, just inferior to the tympanic 
membrane and external ear canal. This 
makes the facial nerve vulnerable to 
traumatic injury during dif fi cult delivery. In 
the second year of life, the growing mastoid 
process pushes the stylomastoid foramen 
medially and covers the facial nerve exit. 
Before the age of 2 years, a retroauricular 
incision should not be extended inferiorly; 
otherwise the facial nerve could be injured 
at its exit from the stylomastoid foramen.  
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    4.     The  cutaneous sensory  component from 
afferent  fi bers originating from the skin of 
the auricle and postauricular area or Ramsay 
Hunt area  [  6  ]         

 The facial nerve exits the brainstem at the 
 pontomedullary junction; it traverses the cerebello-
pontine angle (CPA) and enters the internal audi-
tory canal (IAC). Then it traverses the temporal 
bone in a bony canal, the Fallopian canal, until it 
reaches the stylomastoid foramen where it exits the 
temporal bone and enters the parotid gland  [  7,   8  ] . 

    6.2.1   The Cerebellopontine Angle 
(CPA) Segment 

 The facial nerve (CN VII) leaves the brainstem 
at the pontomedullary junction almost 1.5 mm 
anterior to the vestibulocochlear nerve (VIII)  [  9  ] . 

 The facial nerve then follows a rostro-lateral 
course through the cerebellopontine cistern for 
a distance of 15–17 mm, to enter  fi nally the 
porus of the internal auditory canal (IAC) in the 
temporal bone. 

 The CPA segment of the facial nerve is 1.8 mm 
in diameter and is smaller than the cochleo-
vestibular nerve CN VIII which is of around 
3 mm  [  9  ] . A third smaller nerve, the nervus inter-
medius, emerges between CN VII and CN VIII.  

    6.2.2   The Internal Auditory Canal 
Segment (IAC) 

 The IAC segment of the facial nerve occupies 
the anterosuperior quadrant of the IAC and mea-
sures 8–10 mm; it lies superior to the cochlear 
nerve and it passes above the crista falciformis 
 [  14  ] . The nervus intermedius passes between 
the motor root of the facial nerve and the 
cochlear nerve. 

 A crest of bone, the “Bill’s bar” hangs in the 
vertical plane of the IAC between the superior 
vestibular nerve and the facial nerve, the later 
being anterior to the vestibular nerve (Fig.  6.6 ).  

 At the bottom of the IAC, the fundus, the 
facial nerve enters the Fallopian canal. This tran-
sit zone between the IAC and the Fallopian canal 

a b

  Fig. 6.5    ( a ) A transversal computed tomographic view of 
a right ear microtia and complete absence of the external 
auditory canal, atretic bony plate ( white arrows ). The mas-
toid segment of the facial nerve ( thick black arrow ) is 

 displaced anteriorly, facing the round window ( thin black 
arrow ).  M  microtia. ( b ) Coronal view of an atretic ear 
showing the mastoid segment of the facial nerve ( arrow-
heads ) displaced anteriorly at the level of the vestibule ( V )       

     Clinical Application  

 The root exit zone of the facial nerve (REZ) 
corresponds to a junctional area between 
central and peripheral myelin. At this level 
the facial nerve is sensitive to compression 
from a vascular loop; vascular compression 
at the REZ of the facial nerve is the most 
acceptable underlying physiopathology of 
a hemifacial spasm  [  10–  13  ] . 
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is called the meatal segment and is the narrowest 
zone of bony facial canal; it is around 0.65 mm 
in diameter  [  14  ] . At this zone, the sheath of the 
nerve is formed only of pia mater and an arach-
noid membrane because the dural investment 
 terminates at the fundus of the IAC. This seg-
ment of the facial nerve is the most common site 
of entrapment during in fl ammatory disorders of 
the facial nerve, such as Bell’s palsy and Ramsay 
Hunt syndrome.  

    6.2.3   The Facial Canal (Fallopian 
Aqueduct) 

 The facial nerve enters in a bony canal called the 
Fallopian canal (after Gabriel Fallopius). It is 
25–30 mm in length  [  7  ] . No other nerve in the 
body travels such a long distance through a bony 
canal. 

 The Fallopian canal is divided into three dis-
tinct anatomic segments separated by two genus: 

    6.2.3.1   The Labyrinthine Segment 
(First Segment) 

 The labyrinthine segment of the facial nerve is 
3–5 mm long; it is the shortest and the narrowest 
segment of the Fallopian canal. The narrowest 
part is at its entrance, the meatal segment. It lies 
beneath the middle cranial fossa and extends 
from the meatal foramen to the geniculate gan-
glion  [  15  ] . It travels anteriorly, superiorly, and 
laterally, forming an anteromedial angle of 120° 
with the IAC portion. It lies immediately above 
the anterior part of the vestibule. 

 The basal turn of the cochlea is anteroinferior 
to the labyrinthine segment and is in close 
 relationship to the Fallopian canal. 

 When the nerve reaches a point just lateral and 
superior to the cochlea, it angles sharply  forward, 
nearly at a right angles to the long axis of the petrous 
bone, to reach the geniculate ganglion (Fig.  6.7 ).  

 Before reaching the geniculate ganglion, both 
the facial nerve and the nervus intermedius 
remain distinct entities, and they meet each other 
just before joining the geniculate ganglion.  

    6.2.3.2   Geniculate Ganglion 
 The geniculate ganglion is situated at the lateral 
end of the labyrinthine segment. The pain  fi bers 
of the auricular branch and the taste  fi bers of the 

TC

C

VN

VII

BB

  Fig. 6.6    Left ear translabyrinthine approach to the inter-
nal auditory canal after cut and re fl ection of both vestibu-
lar nerves ( VN ), showing the facial nerve ( VII ) lying 
superiorly and the cochlear nerve ( C ) inferiorly (the VII is 
anterior to the vestibular nerve). Bills bar ( BB ) is present 
in the meatus of the internal auditory canal and seperates 
the facial nerve from the superior vestibular nerve.  TC  
tansverse crest (Courtesy of Tardivet  [  45  ] )       

     Clinical Application 
 In case of an in fl ammatory swelling of the 
facial nerve, Bell’s palsy, for example, the 
bony shell around the nerve may lead to a 
facial nerve compression. A severe facial 
nerve compression for a long time may result 
in nerve ischemia with a resultant worse 
prognosis for facial paralysis recovery. 
Facial nerve decompression consists of 
opening the facial canal in the areas of 
facial nerve in fl ammation and swelling. The 
in fl ammatory segment could be identi fi ed 
by MRI imaging since it enhances strongly 
after gadolinium injection. 
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chorda tympani synapse with the second sensory 
neuron at the level of the geniculate ganglion; the 
secretomotor  fi bers to the lacrimal gland pass 
through the geniculate ganglion and form the 
greater petrosal super fi cial nerve. 

 At the level of the geniculate ganglion, the 
facial nerve takes an abrupt posterior direction, 
forming an acute angle 48–86° between the  fi rst 
and the second segment of the facial nerve; this is 
the “ fi rst genu” of the facial nerve  [  16  ]  (Figs.  6.7  
and  6.8 ). The geniculate ganglion is dehiscent in 
15 % of temporal bones, a condition which makes 
the facial nerve vulnerable to injury during  middle 
cranial fossa surgery.    

    6.2.3.3   The Greater Super fi cial Petrosal 
Nerve 

 The greater super fi cial petrosal nerve (GPSN) is 
a secretomotor branch of the facial nerve. It 
emerges from the anterior upper portion of the 
ganglion; it carries secretory  fi bers to the lacrimal 
glands. This nerve exits the petrous temporal 
bone in an anterointernal direction through the 
 hiatus of the facial canal  to enter the middle 
 cranial fossa (Figs.  6.7  and  6.11 ).  

 In the middle cranial fossa, the GSPN passes 
deep to the Gasserian ganglion to reach the foramen 

lacerum where it enters the pterygoid canal. In the 
pterygoid canal, the GSPN joins the deep petrosal 
nerve to become the nerve of the pterygoid canal 
or vidian nerve. This nerve traverses the pterygoid 
canal and then the  sphenopalatine ganglion, where 
the sensory  fi bers have their cell bodies. These 
 fi bers are distributed to the soft palate and to the 
tongue. Preganglionic secretory  fi bers from the 
cell bodies in the superior salivary nucleus also 
end in the sphenopalatine ganglion. Their corre-
sponding postganglionic  fi bers innervate the lacri-
mal gland and provide secretory innervations to 
the nasal cavity. 

 The greater super fi cial petrosal canal also 
contains the super fi cial petrosal artery that 
 supplies the geniculate ganglion region (see 
Sect.  6.2.3.8 ).   

    6.2.3.4   The Tympanic Segment (Second 
Segment) 

 The tympanic segment of the facial nerve extends 
from the geniculate ganglion anteriorly to the 
second genu of the facial nerve posteriorly. The 
tympanic segment inclines inferiorly and posteri-
orly to descend obliquely along the medial wall 
of the tympanic cavity, above the cochleariform 
process and the oval window and below the bulge 

Tympanic nerve Chorda tympani

PSCC

SSSC

LSCC

  Fig. 6.7    Middle    cranial fossa 
view of a right-side facial 
nerve after drilling the bone 
covering the labyrinth, the 
facial nerve, and the tegmen 
tympani.  IAC  internal 
auditory canal segment of the 
facial nerve,  1  labyrinthine 
segment,  G  geniculate 
ganglion,  GSPN  greater 
super fi cial petrosal nerve,  2  
tympanic segment,  Co  
cochlear area,  M  malleus,  I  
incus, * cochleariform process 
 LSCC  lateral semicircular 
canal,  PSCC  posterior 
semicircular cana,  SSCC  
superior semicircular canall. 
(Courtesy of Tardivet  [  45  ] )       
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of the lateral semicircular canal. The second genu 
of the facial nerve is situated posterior to the oval 
window (Figs.  6.7  and  6.12 ).  

 The length of the tympanic segment of the 
facial nerve varies between 9 and 12 mm. The 

width of the tympanic segment varies between 
1.2 and 1.6 mm  [  16  ] . 

 The anterior part of the tympanic segment of 
the facial nerve lies slightly above and medial to 

  Fig. 6.10    Transversal computed tomographic view of a 
left ear with a longitudinal temporal bone fracture ( black 
arrows ), transgressing the geniculate ganglion ( white 
arrow ). Labyrinthine segment of the facial nerve 
( arrowhead )       

  Fig. 6.11    Sagittal reconstruction of a computed tomog-
raphy. Facial nerve ( black arrow ), leaving the geniculate 
ganglion ( black arrowhead ) posteriorly. Greater superior 
petrosal nerve ( white arrows ) leaving the geniculate gan-
glion anteriorly. Hiatus of the facial canal (*), TTM tensor 
tympani muscle       

  Fig. 6.9    Transversal computed tomography of a left ear 
showing a widened angle ( oval ) between the labyrinthine 
( black arrow ) and tympanic segment ( white arrow ) of the 
facial nerve, suggesting a Gusher syndrome. Geniculate 
ganglion ( white arrowhead ). Note the bulbous aspect of 
the IAC       

  Fig. 6.8    Transversal computed tomographic view on a 
left ear. Labyrinthine segment ( short black arrow ), geni-
culate ganglion ( black arrowhead ), tympanic segment of 
the facial nerve ( white arrows ), oval window niche ( long 
black arrow ). Notice the acute angle between the  fi rst and 
second segment of the facial nerve ( circle ).  IAC  internal 
auditory canal       
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the cochleariform process  [  13  ] . The relationship 
between the facial nerve and the cochleariform 
process is stable and constant. The cochleari-
form process is resistant to necrosis even in the 
 presence of aggressive otitis media or cholestea-
toma; therefore, it remains a persistent landmark 

helping to localize the facial nerve. The mean 
distance between the tympanic segment and the 
cochleariform process is around 2 mm 
(Fig.  6.13 ).  

  Fig. 6.12    Endoscopic view of a right middle ear through 
a posterior tympanotomy showing the tympanic segment 
of the facial nerve ( VII ) and its relationship with the 
cochleariform process (*) and stapes and oval  window ( S ). 
 TTM  tensor tympani muscle,  TTT  tensor tympani tendon, 
 P  promontory,  ET  Eustachian tube,  M  malleus       

     Clinical Implications 

    The greater super fi cial petrosal nerve • 
represents an important landmark for 
facial nerve identi fi cation during middle 
cranial fossa approach.  
  The section of the greater petrosal nerve • 
or the section of vidian nerve has been 
proposed in the past to treat intractable 
vasomotor rhinitis; this surgery was 
abandoned because of its troublesome 
side effects of such reduction of the lac-
rimal secretions (dry eyes).    

LSCC
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Mastoid
Tympano–mastiod 
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 m

m
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  Fig. 6.13    Tympanomastoid segments of the facial nerve 
and their relationship to the middle ear structures.  GSPN  
greater super fi cial petrosal nerve,  GG  geniculate ganglia, 
 CP  cochleariform process,  RW  round window,  LSCC  lat-
eral semicircular canal,  SMF  stylomastoid foramen       

     Surgical Implications 

 In Gusher syndrome, an X-linked congeni-
tal mixed deafness, the IAC is abnormally 
wide. This creates a communication 
between the high-pressure cerebrospinal 
 fl uid in the IAC and the perilymph of the 
inner ear, leading to a leakage, the “stapes 
gusher,” during stapes surgery. The patho-
logical widening concerns also the Fallopian 
canal. The enlarged IAC may be seen on CT 
scan, with a globulous aspect, but this aspect 
is not speci fi c. The widened angle between 
the  fi rst and the second segment of the facial 
nerve is highly suggestive of the Gusher 
syndrome, enabling the preoperative diag-
nosis of this pathology  [  17,   18  ]  (Fig.  6.9 ).  

 The perigeniculate area is the weakest 
zone of the Fallopian canal; it is the most 
common localization of traumatic facial 
nerve injury in temporal bone fracture  [  19  ]  
(Fig.  6.10 ). It is of interest to note that com-
pression of the nerve due to the bony spic-
ules occurs much more frequently than 
nerve transaction.  
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 The mean distance between the second genu 
of the facial nerve and the oval window is of 
3–4 mm  [  16  ]  (Fig.  6.13 ). The tympanic segment 
of the facial nerve courses posteriorly below 
and medial to the bulging of the lateral semicir-
cular canal and not far from the pyramidal 
 process  [  19,   20  ] . 

 The bony wall of the tympanic segment canal 
can be very thin or even dehiscent, and the middle 
ear mucosa may lay in direct contact with the 
facial nerve sheath  [  21,   22  ] . 

 Within the Fallopian canal, bundles of nerve 
 fi bers lie in a de fi nite order. The oral branche lies 
next to the oval window, the frontal branches far-
thest from it, and the ocular branches in between 
 [  23,   24  ] . 

 The lateral bony wall of the nerve is well visu-
alized by CT scan. Dehiscence of the inferior 
wall may be dif fi cult to assess correctly on the 
coronal views, but these views are demonstrative 
for the different degrees of prolapse of the facial 
nerve in front of the oval window niche or even in 
close contact to the stapes (Fig.  6.14 ).   

    6.2.3.5   Second Genu 
 The second genu is the junction between the 
tympanic and the mastoid segments of the 
facial nerve. Just lateral and posterior to the 
pyra midal eminence, the facial nerve changes 

its  direction and courses inferiorly about 
2–3 mm to form an angulation of about 90–125° 
called the second genu. The second genu lies 
 infer ior to the lateral semicircular canal and 
medial to the short process of the incus. The 
mean  distance between the short process of the 
incus and the second genu is a relatively con-
stant relationship and it measures about 2 mm 
(Figs.  6.15  and  6.16 ).     

a b

  Fig. 6.14    Transversal computed tomographic views of 
the right ear showing ( a ) moderate prolapse of the tym-
panic segment of the facial nerve ( arrow ). ( b ) A  bulging 

tympanic segment of the facial nerve ( short arrow ), 
obstructing almost completely the oval window niche 
( long arrow )       

     Surgical Impacts 
 The second genu of the facial nerve is the 
most susceptible portion of the nerve to 
suffer from an iatrogenic injury during ear 
surgery because it is not visible before 
identifying the nerve itself, especially in 
cases of invasive cholesteatoma and granu-
lation tissue. 

 Knowing that the second genu is 
located inferior and medial to the aditus, 
the nerve could be at risk of injury while 
drilling towards the aditus during mastoid 
surgery. A sclerotic  mastoid or the pres-
ence of extended chronic ear pathologies 
may hinder the proper identi fi cation of the 
anatomical structures  bordering the aditus 
and expose the facial nerve to a risk of 
injury  [  19  ] . 

 



1336.2 Facial Nerve Anatomy

    6.2.3.6   The Mastoid Segment (Third 
Segment) 

 The mastoid segment of the facial nerve is the lon-
gest part of the intra-temporal part of the facial 
nerve. This segment is vertical and lengths about 
15 mm  [  20  ] . The mastoid Fallopian canal is rela-
tively the largest part of the Fallopian canal; the 
nerve  fi lls only 25–50 % of the Fallopian canal 
lumen at this level. In fl ammatory entrapment of the 
facial nerve is rare in the mastoid segment  [  25,   26  ] . 

 The mastoid segment descends downwards in 
the posterior wall of the tympanic cavity from the 
second genu superiorly to the stylomastoid foramen 
inferiorly. As the nerve descends inferiorly towards 
the mastoid tip, it becomes more lateral. In many 
cases, the inferior portion of the mastoid  segment 
may course lateral to the plane of the postero-
inferior quadrant of the annulus  [  27  ]  (Fig.  6.17 ).   

      Relationship Between the Mastoid Segment 
of the Facial Nerve and the Tympanum 
 The mastoid segment of the facial nerve lies in 
the posterior wall of the tympanum in a position 
lateral to the pyramidal process, stapedial muscle, 
and the sinus tympani. The mean distance 
between the mastoid segment of the facial nerve 
and the posterior border of the oval window is 

Glaserian fissure

GG

anterior crus of stapesPosterior crus of stapes

Round
window

  Fig. 6.15    Transmastoid 
view of a left ear after 
posterior and anterior 
tympanotomy, showing the 
relationship between the 
lateral semicircular canal (*) 
and the second genu of the 
facial nerve between the 
tympanic segment ( 2 ) and the 
mastoid segments ( 3 ) of 
facial nerve.  GG  geniculate 
ganglia,  1  labyrinthine 
segment of the facial nerve, 
 SPI  short process of the incus 
(Courtesy of Tardivet  [  45  ] )       

    Clinical Impact 

 During canaloplasty, the annulus should not 
be considered as a secure landmark for facial 
nerve; the facial nerve may pass lateral to the 
annulus  [  27  ] . In such cases, drilling in the 
posteroinferior quadrant of the external audi-
tory canal, even lateral to the annulus, may 
lead to a facial nerve injury. 

  Fig. 6.16    A sagittal cut of a left middle ear in the plane of 
mastoid segment of facial nerve (*); notice the relationship 
between the second genu ( VII ) and the lateral semicircular 
canal ( lsc ); retrofacial cells ( RFC ) separate the sigmoid 
sinus ( SS ) from the facial nerve.  SDC  sino-dural angle 
cells,  T  tympanic cavity,  EAC  external auditory canal       
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4 mm. Also the distance between the facial nerve 
and the round window is 4 mm (Fig.  6.13 ). In 
addition, the minimal distance from the annulus 
tympanicus to the facial nerve is about 1 mm at 
9 o’clock position  [  16  ] . This fact permits to 
increase surgically the dimensions of the poste-
rior tympanotomy by sacrifying the chorda tym-
pani nerve (see Chap.   4    ).  

      Relationship Between the Mastoid Segment of 
the Facial Nerve and the Mastoid Structures 
 In the mastoid cavity, the mastoid segment runs 
straight downwards from below the most over-
lapping part of the lateral semicircular canal 
to the stylomastoid foramen. The nerve is 
 surrounded by the compacta of the bony wall 
of the ear canal and by mastoid sells. 
Occasionally, there is a bony defect in the 
Fallopian canal and the nerve is dehiscent into 
the mastoid air cells. 

 The lower one-third of the mastoid segment of 
the facial nerve is always medial and anterior to 
the digastric ridge which represents an important 
landmark for the facial nerve exposure in a lateral 
skull base approaches (Fig.  6.18 ). Nevertheless 
the digastric ridge may be dif fi cult to identify 
when the mastoid is poorly pneumatized.  

 The sigmoid sinus passes always posterior and 
medial to the facial nerve. The distance between 
the mastoid segment and the sigmoid sinus is 
highly variable (4 mm average). The distance 
from the facial nerve to the jugular bulb ranges 
from 0 to 12 mm  [  16  ] . 

 The facial nerve exits the Fallopian canal via 
the stylomastoid foramen. The mean depth of 
the facial nerve from the mastoid cortex at the 
 stylomastoid foramen is 13 mm. As the nerve 
exits the stylomastoid foramen at the anterior 
margin of the digastric groove, an adherent 
 fi brous sheath of dense vascularized connec-
tive tissue surrounds it. The stylomastoid artery 
and veins are within this dense sheath. When it 
exits the stylomastoid foramen, the nerve travels 
between the digastric and stylohyoid muscles and 
enters the parotid gland. 

 Below the stylomastoid foramen, a sensory 
branch emerges from the facial nerve to innervate 
the posterior wall of the external auditory canal 
and a portion of the tympanic membrane. 

 The superior landmarks for the mastoid 
 segment of the facial nerve are the lateral semi-
circular canal, to which the facial nerve runs 
anteroinferiorly, and the posterior semicircular 
canal, to which the nerve runs 2.5 mm anteri-
orly. The digastric ridge is the inferior landmark 

  Fig. 6.17    Right ear after 
dissection of the mastoid 
segment of the facial nerve 
( VII ), showing its relation 
with tympanic annulus (*); 
notice that the inferior 
portion of the mastoid facial 
nerve is lateral to annulus.  CT  
chorda tympani,  LSCC  lateral 
semicircular canal,  PSCC  
posterior semicircular canal,  I  
incus short process       
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for the mastoid segment of the facial nerve. It 
is a smooth convex bone found close to the 
mastoid tip.    

    6.2.3.7   Mastoid Segment Branches 
 Two branches exit the mastoid segment of the 
facial nerve: the stapedial muscle nerve and the 
chorda tympani nerve. 

      The Nerve of Stapedial Muscle 
 The nerve  fi bers of the stapedial muscle arise 
centrally from some neurons emerging outside 
the nucleus of the facial nerve and are situated 
below the IV ventricle to join secondarily the 
motor neurons of the facial nerves  [  29,   30  ] . 

 The nerve of the stapedial muscle is a small 
twig coming from the facial nerve as it descends 
in the posterior wall of the tympanic cavity behind 
the pyramidal eminence.   

      The Chorda Tympani 
 The chorda tympani is the terminal branch of 
the nervus intermedius. The chorda tympani 

Retracted sigmoid sinus Sino–dural angle

  Fig. 6.18    Cadaveric left 
mastoidectomy showing the 
mastoid segment of the facial 
nerve ( VII ). Notice that the 
VII is anteromedial to the 
digastric ridge ( D ). The 
relationship between the 
tympanic annulus ( a ), chorda 
tympani ( CT ), and VII. The 
second genu of the facial 
nerve passes medial to the 
short process of the incus ( I ) 
and the lateral semicircular 
canal ( LSSC ); the VII drops 
down in the mastoid at the 
level of the midpoint of the 
LSCC in a direction parallel 
to that of the short process of 
the incus. * incudal buttress       

    Surgical Applications

Mastoid Segment Identi fi cation During 

Mastoid Surgery 

 Exposure of the facial nerve is done through 
a cortical mastoidectomy. The most impor-
tant landmarks for identifying the facial 
nerve in the mastoid cavity are the horizon-
tal semicircular canal, the short process of 
the incus, and the digastric ridge  [  28  ] . The 
axis of the VII corresponds to the axis of 
the short process of the incus. 

 The nerve is best identi fi ed by  fi rst imag-
ining a line that begins just anterior to the 
inferior portion of the lateral semicircular 
canal and travels in an inferior direction 
towards the digastric ridge. The bone of the 
EAC is progressively thinned, in a direction 
parallel to the nerve, until the white sheath 
is identi fi ed through the yellow bone. 

 The drilling must be always done along 
the lateral aspect of the nerve, not behind 
and medial to the Fallopian canal. 

     Clinical Notes 

 The distinct central origin of the stapedial 
nerve explains the normal  fi nding of 
 stapedial muscle re fl ex in congenital facial 
palsy (Mobius syndrome) and the isolated 
alteration of stapedial re fl ex without facial 
palsy in some brain stem lesions. 
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leaves the mastoid segment of the facial nerve at 
a variable level, about 5–6 mm above the 
 stylomastoid foramen. The facial nerve and the 
chorda tympani emergence form the Plester’s 
chordo-facial angle which varies between 26° 
and 35° (Fig.  6.19 )  [  16  ] .  

 The chorda tympani enters the middle ear 
through the chordal eminence. It passes between 
the incus and the handle of the malleus, above 
the tensor tympani tendon to exit through the 
canal of Huguier of the petrotympanic  fi ssure. 
Then the chorda tympani passes on the medial 
surface of the mandibular fossa to  fi nally join 
the lingual nerve in the infratemporal fossa 
(Fig.  6.20 )  [  31  ] .  

 The chorda tympani nerve carries:
        • Sensory afferent taste  fi bers : these  fi bers of the 
chorda tympani nerve have their cell bodies in 
the geniculate ganglion and provide taste 
 sensation from the anterior two-thirds of the 
tongue.  
        • Preganglionic efferent secretory  fi bers  to the 
submaxillary and sublingual glands: these 
 fi bers have their cell bodies in the superior 
salivary nucleus; they synapse within the sub-
maxillary ganglion, and then it provides secre-
tory motor impulses to the submaxillary and 
sublingual glands.         

  Fig. 6.20    Endoscopic view of a left middle ear showing 
the chorda tympani ( CT ) entering the middle ear through 
the chordal eminence ( C.E. ); it then passes between the 
incus ( I ) medially and the malleus ( M ) laterally, above the 
tensor tympani tendon (*) to exit the middle ear from the 
anterior wall.  T  stapedial tendon,  S  stapes,  TTM  tensor 
tympani muscle       

Chordofacial
angle

Chorda
tympani

Incus

LSSC

Digastric ridge Mastoid segment

Posterior tympanotomy

a b

  Fig. 6.19    ( a ) Left    ear: cadaveric cut of a left ear showing 
the chordo-facial angle of Plester (Courtesy of Tardivet 
 [  45  ] ). ( b ) Sagittal reconstruction of a computed tomogra-
phy showing the emergence of the chorda ( black arrow ) 
from the facial nerve ( VII ) and the bony wall ( circle ) 

between the chorda and the VII (facial recess approach). 
Facial recess ( white arrow ), short process of the incus 
( white arrowhead ),  LSCC  lateral semicircular canal,  PSCC  
posterior semicircular canal,  EAC  external auditory canal       

    Surgical Impact

Chorda Tympani Nerve (CT) Injury During 

Middle Ear Surgery 

 Iatrogenic chorda tympani nerve (CTN) 
injury during middle ear surgery is quite 
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    6.2.4   Vascularization of the 
Facial Nerve (Fig.  6.21 ) 

 The segments of the facial nerve receive their 
arterial supply from branches of the vertebro-
basilar artery and the external carotid artery sys-
tems. Within the pons, the facial nucleus receives 
its blood supply primarily from the anterior infe-
rior cerebellar artery (AICA). The labyrinthine 
artery, a branch of the AICA, enters the internal 
auditory canal (IAC) with the facial nerve and 

Occipital artery 60%
posterior auricular artery 40%

Middle Meningeal Artery
GSPN

  Fig. 6.21    Tympanomastoid    
segment vascularization. 
 1  stylomastoid artery, 
 2  super fi cial petrosal artery 
 LSCC  lateral semicircular 
canal;  OW  oval window;  RW  
round window;  TTM  tensor 
tympani muscle;  STR  
supratubal recess;  AE  
anterior epitympanum;  GG  
geniculate ganglion;  GSPN  
greater superfi cial petrosal 
nerve       

common. The most frequent  type of chorda 
tympani injury is stretching, cutting the nerve 
is less common. Canal wall down mastoidec-
tomy and posterior tympanotomy have the 
highest risk of chorda tympani injury  [  32  ] . 

 Only 25 % of patients are aware of the 
symptoms after chorda tympani injury. 
Stretching or cutting the chorda tympani 
could give the same types of symptoms to 
the concerned patients. 

 Additional studies demonstrated that 
nerve stretching is associated with a greater 
degree of postoperative symptoms than 
nerve transsection, across a range of middle 
ear procedures  [  32,   33  ] . 

 Nevertheless, these  fi nding are in 
 contrast to the results of testing the taste 
disturbance after stapedectomy, in which 
cutting of the nerve was found to cause 
signi fi cantly greater symptoms than 
 manipulation alone  [  34  ]  .  

 The most common postoperative 
 complaint is taste disturbance such a metal-
lic taste. Although most patients experi-
ence gradual symptomatic recovery, about 
90 % of the symptomatic patients recover 
completely within 12 months. Persisting 
 complaints may be troublesome  [  35  ] . 
The risk of taste disturbance should be 
addressed in the consent procedure. 
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provides blood supply to the meatal portion of the 
facial nerve. 

 The external carotid system gives to the 
 tympanomastoid segments of the facial nerve two 
branches: the super fi cial petrosal artery and the 
stylomastoid artery. 

    6.2.4.1   Super fi cial Petrosal Artery 
 The super fi cial petrosal artery is an endocranial 
branch of the middle meningeal artery (MMA); it 
enters the middle ear through the facial hiatus with 
the greater super fi cial petrosal nerve. It supplies 
the geniculate ganglion and the tympanic segment 
of the facial nerve. It anastomoses with the 
 stylomastoid artery at the level of the second genu.  

    6.2.4.2   Stylomastoid Artery 
 The stylomastoid artery arises from the external 
carotid artery system; it enters the middle ear and 
the facial canal through the stylomastoid foramen. 
It supplies the mastoid segment of the facial nerve. 
It anastomoses with the super fi cial petrosal artery 
of the MMA at the level of the second genu  [  36  ] . 

 In 60 % of patients, the stylomastoid artery 
arises from the occipital artery and in 40 % of 
patients it arises from the postauricular artery  [  37  ] . 

 The super fi cial petrosal artery and the 
 stylomastoid artery contribute to an arterial arcade 
called the facial arch which supplies the tympanic 
and mastoid segments of the facial nerve. In most 
people this arcade is supplied predominantly by 
the super fi cial petrosal artery  [  38  ]  (Fig.  6.21 ).  

 Furthermore, 10 % of people lack a blood 
 supply from the MMA to the geniculate ganglion, 
meaning that the mastoid and tympanic segments 
receive their blood supply only from the 
 stylomastoid artery  [  39  ] .         

   Clinical Implications 

 In lateral skull base surgery, anterior and 
posterior rerouting of the facial nerve reduces 
drastically the blood supply of the facial 
nerve with a high risk of facial weakness. 
The blood supply of the mastoid segment of 
the facial nerve maintains adherent this 
 portion to the canal, a point to take in 

 consideration when dissecting the nerve 
from the canal  [  40  ] . 

 Embolization in the territories of the 
external carotid artery is commonly indi-
cated to treat vascular lesions including 
intractable epistaxis, hypervascular neo-
plasms, dural  fi stulae, and arteriovenous 
malformations. 

 When a dual blood supply of the tympa-
nomastoid segments of the facial nerve is 
present, a supraselective embolization 
(SSE), with occlusion of the stylomastoid 
artery, would not be at risk to induce paresis. 
However, in cases of an absent blood supply 
derivative from the MMA, embolization of 
the stylomastoid artery would likely result 
in a facial nerve de fi cit. 

 Since 6 % of patients would be expected 
to derive their blood supply of the facial 
nerve tympanomastoid segments only from 
the stylomastoid artery originating from the 
occipital artery, patients undergoing suprase-
lective embolization of the stylomastoid 
artery should be counseled on a theoretical 
6 % risk of having a vascular anatomic pat-
tern that may place the facial nerve at 
increased risk during embolization  [  41  ] . 

 The embolization agent, such as nonab-
sorbable polymers, also in fl uences the risk 
of developing a cranial neuropathy  [  42  ] . 

 Considering this risk, catheterizing the 
MMA is suggested to assess the length of 
the super fi cial petrosal artery  [  42  ] . If a dual 
blood supply to the facial nerve is con fi rmed, 
there is no risk of facial nerve paresis from 
embolization. But if the super fi cial petrosal 
artery branch is short, resorbable agents 
should be considered. 

 Symptoms from ischemic facial nerve 
palsy during embolization of the external 
carotid artery branches occur immediately 
following the procedure and may be not 
fully recoverable  [  43  ] . Facial nerve decom-
pression is one of several strategies for 
restoring nerve function in case of acute 
nerve palsy  [  44  ] . 
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 The Eustachian tube (ET) or auditory tube is a 
slender tube that connects the middle ear cavity 
with the nasopharynx and serves to equalize air 
pressure on either side of the eardrum. 

 It is a hollow structure of bone and cartilage, 
lined with a mucous membrane, and equipped by 
a muscular opening mechanism. 

 It is part of a system of contiguous organs, 
including the nose, the middle ear, and the mastoid 
air cells. This system is devoted to middle ear 
 ventilation, its protection, and its clearance. 
Impairment of this system leads to middle ear 
 dysventilation, which is the primary cause of the 
development of chronic otitis media. 

    7.1   Eustachian Tube Development    

 The ET lumen develops from the persistence of 
the  fi rst pharyngeal pouch. Between the second 
and third week of gestation, the  fi rst pharyngeal 
pouch extends laterally between the  fi rst and 
the second branchial arches to make contact 
with the  fi rst branchial groove which is the ori-
gin of the external auditory meatus (Fig.  7.1 ). 
The distal part of this pouch expands to form 
the tubotympanic recess which is the primor-
dium of the middle ear cavity. The proximal 
part becomes constricted to connect the future 
middle ear to the pharynx.  

 The structures associated with ET lumen 
develop from the mesenchyme surrounding the 
 fi rst pharyngeal pouch in a predictable sequence: 

      The Eustachian Tube                
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 Before the 10th week of gestation, only the 
epithelial lining of the lumen has differentiated. 
Between the 10th and 12th week, the levator veli 
palatini (LVP) and tensor veli palatini muscles 
(TVP) develop and become delineated from the 
surrounding mesenchyme  [  1,   2  ]  (Fig   .  7.2 ).  

 The initial differentiation of the cartilage begins 
at the 14th week. By the 20th week, the initial cen-
ter of chondri fi cation has increased in size and a 

perichondrium is clearly differentiated in the 
anteromedial portion of the tube  [  1,   2  ]  (Fig.  7.3 ).  

 These processes yield an ET structure very 
similar to that observed in an adult. Later during 
the rest of fetal life, morphometric changes occur 
among the ET structures. The most pronounced 
change is the increase in the length of the carti-
laginous portion of the tube from 1 mm at the 
10th week of gestation to 13 mm at birth. 

  Fig. 7.1    The tubotympanic 
recess (TR) in a mouse 
embryo of gestation day 12. 
 HM  handle of malleus,  Ph  
pharynx,  OC  otic capsule, 
 TTR  tubotympanic recess, 
 FBG   fi rst branchial 
ectodermal groove. This 
horizontal section demon-
strates the continuity between 
the pouch and the pharynx. 
Incorporation of radioactive 
sulfur with hematoxylin-
eosin counterstaining       

  Fig. 7.2    Frontal section of 
the auditory tube rudiment in 
a 27-mm human embryo (end 
of the second month).  TVP  
tensor veli palatine muscle 
anlage,  LVP  levator veli 
palatine muscle anlage. 
Hematoxylin-eosin staining       
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 While the fetus is growing, the tube deviates 
from the horizontal plane only about 10°, because 
the fetal cranial base is relatively  fl at; this situa-
tion persists until early childhood  [  1–  4  ] .  

    7.1.1   Postnatal Growth (Fig.  7.5 )    

 The ET lengthens rapidly during early childhood: 
In infants, it is about half as long as that in adults; 
it is about 18 mm  [  5  ]  and it reaches adult size by 
7 years of age  [  6,   7  ] . 

 The cartilaginous portion increases dramati-
cally: The ratio of the length of the cartilaginous 
portion to the osseous portion is 8:1 in the infant, 

but this ratio becomes 4:1 in the adult due to the 
growth of the bony portion  [  8  ] . 

 In infants, the cartilaginous and bony por-
tions are aligned with a line that connects the 
pharynx and middle ear; however, due to the 
craniofacial growth, the cartilaginous tube is 
angled inferiorly from the osseous portion to 
form an angle of approximately 45° related to the 
horizontal plane  [  1,   9  ] . 

 The LVP muscle increases in cross-sectional 
area and in volume and assumes a more suitable 
vector for an ef fi cient active tubal dilatation. 

 The ET of the infant is  fl oppy, very distensi-
ble, and lacks recoil phenomena of the hinge 
region. With time, the tubal cartilage stiffens and 
the elastin component develops in the hinge 
region; this will result in a reduced tubal compli-
ance and an increased recoil, which raise the pro-
tective mechanism of the ET  [  10  ] . 

 The lumen of the ET increases almost  fi ve 
times from the newborn to persons aged 20 years 
old; the cross-sectional length of the lumen 
increases signi fi cantly with age, especially in the 
pharyngeal area of the tube. 

 The lumen in most of the cartilaginous portion 
of the ET is signi fi cantly smaller in children than 
in adults  [  11  ] . 

  Fig. 7.3    A transverse cut 
of the base of skull in a 
6-month fetus showing the 
Eustachian tube. Note the 
cartilaginous part is well 
developed ( white arrows ) and 
is in the same plane as the 
bony Eustachian tube ( ET ). 
 LPM  lateral pterygoid 
muscle,  Sph  sphenoid bone, 
 ICA  internal carotid artery, 
 TVP  tensor veli palatini 
muscle       

  Clinical Application  
 An arrest of the development of the tubotym-
panic recess when the normal constriction 
of the tube is de fi cient may lead to a persis-
tent wide open Eustachian tube all over its 
length. This is illustrated in this case of an 
adult female of 35 years old (Fig.  7.4 ). The 
developmental arrest concerns the whole 
left ear, associated to microtia, and external 
auditory canal atresia.  
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  Fig. 7.4    Transversal computed tomographic view of both 
ears in a patient presenting left ear microtia ( white arrow ) 
and atresia of the external auditory canal ( black arrows ), 
also an abnormally large Eustachian tube ( arrow heads ) 

due to the arrest of constriction of the tubotympanic recess 
in contrast to the normal right side ( empty arrow head ). 
 ICA  internal carotid artery       

     Fig. 7.5    Photomicrographs of cross sections through the 
midcartilaginous portion of the Eustachian tube (ET) of a 
3-month-old female ( left ) and a 34-year-old male ( right ) 
showing the developmental difference of Ostmann’s fat 
pad ( OF ) and the size of the ET.  L  lumen,  LL  lateral lam-
ina of the Eustachian tube cartilage,  LVPM  levator veli 

palatini muscle,  ML  medial lamina of the Eustachian tube 
cartilage,  TVPM  tensor veli palatini muscle (Courtesy 
of I. Sando, MD) (Reproduced with permission from 
Eustachian tube: structure, Function, Role in otitis media, 
by Charles D. Bluestone.   pmph-usa.com    )       
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 Also the Ostmann’s fat pad increases in volume 
with age until adulthood, which may be related to 
better protective function in adults  [  12  ] .    

    7.2   Eustachian Tube Anatomy 

 The ET is a narrow osteocartilaginous channel 
connecting the tympanic cavity to the nasophar-
ynx. Its lumen allows the passage of two different 
physical substances: one is gaseous for middle 
ear ventilation, and the second is  fl uid for the 
middle ear clearance. The ET begins at the tym-
panic ori fi ce of the protympanum and ends at the 
pharyngeal ori fi ce situated on the lateral wall of 
the nasopharynx. During its trajectory, the tube 
takes a slow curving inverted S course. 

 The general shape of the ET resembles to an 
hourglass made of two unequal cones. The  fi rst is 
small and  fi x, the posterior third, and represents 
the bony ET. The other one is elongated and 
mobile, the anterior two-thirds, and represents the 
 fi brocartilaginous ET. Both parts are connected at 
the junctional zone, forming an angle of 160°. 

 In adults, the tubal axis forms with the plane 
of the hard palate an average angle of 36°(range 
31–40°); the total length of the ET is 33 mm, 
divided as the following: the cartilaginous part is 
of 23.5 mm, the junctional part is of 3 mm, and 
the bony part is of 6.5 mm  [  13,   14  ]  (Fig.  7.6 ).  

 The bony portion is patent at all times; in con-
trary the  fi brocartilaginous portion is closed at 
rest and opens intermittently. 

    7.2.1   The Bony Portion of the 
Eustachian Tube 

 The bony part of ET lies completely within the 
petrous part of the temporal bone. It runs from 
the tympanic ori fi ce of the middle ear cavity in an 
anteromedial direction, following the petrous 
apex, towards the petrosphenoid sulcus on the 
inferior surface of the skull base. 

 The tympanic ori fi ce of the Eustachian tube 
lies in the middle third of the anterior wall of the 
middle ear cavity, 4 mm above the  fl oor of the 
middle ear and close to the carotid canal and 
the labyrinth (see Section   2.5.2    ). It is an oval 

structure that measures about 5 mm (horizon-
tally) × 2 mm (vertically)  [  9  ]  (Fig.  7.6 ). 

 Bony ET lumen is roughly triangular, measur-
ing 2–3 mm vertically and 3–4 mm along the 
horizontal base  [  15  ] . 

 The medial wall of the bony tube corresponds 
to the cochlea posteriorly and to the carotid canal 
anteriorly. The average thickness of the antero-
medial portion of its bony wall is 1.5–3 mm. This 
bony wall is dehiscent in 2 % of individuals, 
exposing the carotid artery  [  15  ]  (Fig.  7.7 ).  

 The upper third of the endoluminal surface of 
the medial wall presents the bony canal of the 
tensor tympani muscle. The lateral wall of 
the bony tube neighbors the canal of Hugier and 
the temporomandibular joint. The upper wall or 
roof of the bony tube corresponds to the tegmen 
tubari (Figs.  7.7  and  7.8 ).  

 On the inferior surface of the base of skull, the 
end of the bony tube is constricted and it opens on 
the posterior part of the tubal sulcus; the bony tube 
end is situated between the carotid canal medially 
and the temporomandibular joint laterally.   

23 mm 6 mm
Tym

panic orifice

Isthmus
3mm

160°

P
haryngeal orifice

5 mm
x

2 mm

8 mm
x

3 mm

  Fig. 7.6    Schematic drawing of different Eustachian tube 
dimensions (average)       

  Surgical Implication  
 The majority of temporal bone with pneu-
matized petrous apex harbor peritubal air 
cells that may open directly into the ET 
lumen (Fig.  7.9 ). This explains the proba-
bility of cerebrospinal  fl uid rhinorrhea after 
translabyrinthine approach to the cerebel-
lopontine angle when ET obliteration is not 
performed suf fi ciently far into the lumen 
by the end of the procedure  [  16  ] .  
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     Fig. 7.8    Medial view of a 
sagittal cadaveric cut through 
a left middle ear ( ME ), 
showing the bony Eustachian 
tube ( Pr ) and the canal of 
tensor tympani muscle 
( asterisk ), the isthmus ( I ), the 
cartilaginous Eustachian tube 
( ET ), and its inferiorly 
related levator veli palatini 
muscle ( LVP ). The superior 
wall of the bony Eustachian 
tube is formed by the tegmen 
tubari       

a b  Fig. 7.9    ( a ) Transversal 
computed tomographic view 
of a right ear. Eustachian 
tube ( white arrow heads ), 
surrounded by numerous 
aerated cells ( white arrows ); 
 ICA  internal carotid artery. 
( b ) Computed tomograpic 
reconstruction perpendicular 
to the Eustachian tube (*) 
showing an air cell opened 
into the Eustachian tube 
( arrow ); TTM ( arrowhead )       

  Fig. 7.7    Transverse cut of a 
left ear showing the bony 
Eustachian tube ( Pr ) housing 
the tensor tympani muscle 
(*), the cartilaginous 
Eustachian tube ( ET ), and the 
isthmus ( I ). Notice the 
relation of the Eustachian 
tube and the cochlea ( C ) and 
the petrous internal carotid 
artery ( IC ) medially and the 
temporomandibular joint 
( TMJ ) and middle meningeal 
artery ( ma ) laterally.  EAC  
external auditory canal,  1  
attic outer wall,  2  anterior 
wall of EAC,  3  posterior wall 
of the EAC,  m  malleus,  VII  
tympanic segment of facial 
nerve,  CSCS  superior 
semicircular canal       
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    7.2.2   The Junctional Segment 

 The cartilaginous and bony portions of the ET are 
joined at a bottleneck area, the junctional seg-
ment of the ET. 

 This segment is 2 mm in height and 1 mm wide. 
It lies between the carotid canal medially and the 
temporomandibular joint and foramen spinosum 
with the middle meningeal artery laterally 
(Figs.  7.7 ). 

 Due to its reduced caliber, this segment plays 
a protective role for the middle ear against 
recurrent otitis media in preventing naso-
pharyngeal secretions to enter the middle ear 
cavity.  

    7.2.3   The Fibrocartilaginous Tube 

 The  fi brocartilaginous portion of the ET is 
20–24 mm long; it extends along the base of the 
skull from its junction with the bony portion of 
the tube until the medial pterygoid plate. 
Posteriorly this part of the ET extends about 3 mm 
into the bony part and is  fi rmly attached to it by 
 fi brous bands  [  17–  19  ] . It is angled 30°–40° to the 
transverse plane and 45° to the sagittal plane of 
the base of the skull  [  9  ] . The  fi brocartilaginous 
part is loosely attached at this level in the sphe-
noid sulcus (sulcus tubae) between the greater 
wing of the sphenoid bone and the petrous por-
tion of the temporal bone (Fig.  7.10 ).  

Foramen lacerum

Jugular foramen

Foramen spinosum

Foramen rotandum

Foramen magnum

Hamulus

Tubal sulcus

Carotid canal

Styloid process

Stylomastoid foramen

Mastoid process

TMJ socket

External auditory canal

Sphenoidal spine

Medial pterygoid lamina

Hard plate

  Fig. 7.10    Tubal cartilage (*) insertion in sulcus tubae       
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 The nasopharyngeal end of the tubal cartilage 
crosses the superior border of the superior pha-
ryngeal constrictor muscle to enter the nasophar-
ynx; it is tightly  fi xed by a broad attachment to a 
tubercle on the posterior edge of the medial ptery-
goid plate  [  15  ] . 

 The  fi brocartilaginous tube is composed of 
two components: the cartilaginous part, the major 
component that is completed laterally, and inferi-
orly by the  fi bromembranous part (Fig.  7.11 ).  

    7.2.3.1   The Cartilaginous Part 
 The cartilaginous portion of the ET is composed 
of one piece of cartilage that is shaped like a 
triangle at the top rear with a lower concavity. 
The apex or lateral end of the cartilaginous part 

joins the bony portion at the isthmus; the wider 
medial end lies under the mucosa of the 
nasopharynx. 

 The tubal cartilage is an elastic cartilage and 
has an inverted J shape in cross section. It is com-
posed of a short lateral lamina, an elongated 
medial lamina, and a hinge at the junction of the 
two laminas. 

 The lateral lamina has a constant height. 
However, the medial lamina starts as a short 
structure of 9 mm of height at the isthmus to 
increase rapidly to 13 mm just posterior and lat-
eral to the attachment of the cartilage to the 
medial pterygoid plate  [  15  ] . The hinge portion, 
rich in elastin, serves to return the lateral lamina 
to its original position after active opening of the 
tube by TVP muscle contraction. 

 To form a tube, the cartilaginous portion is 
completed laterally and inferiorly by a veiled 
membrane, the  fi brous part of the tube or  fi brous 
wall (Fig.  7.11 ).  

    7.2.3.2   The Fibrous Part 
 The  fi brous part represents the lateral and the 
inferior walls of the  fi brocartilaginous ET. It is 
thick and resistant and called the  salpingopha-
ryngeus fascia of Tröltsch . Laterally, it serves as 
the site of insertion of the TVP muscle. The lat-
eral part of the fascia of Tröltsch is inserted to the 
base of skull at the petrosphenoid suture (Proctor 
ligament) close to the foramen spinosum, fora-
men ovale, and the base of the pterygoid process 
laterally (see Fig.  7.10 ). 

 The medial part of the fascia of Tröltsch is 
anchored superiorly to the inferior curvature of 
the lateral lamina of the tubal cartilage. The 
region between the fascia and ET mucosa is occu-
pied by a glandular tissue anteriorly and adipose 
tissue posteriorly. Thus, it is presumed 
that the forces developed by the TVP would pass 
to the lateral lamina of the cartilage rather than to 
the submucosa of the lumen to insure the opening 
of the tube.  

    7.2.3.3   Ostmann’s Fat Pad 
 Ostmann’s fat pad is a lympho-adipose body, sit-
uated around the pharyngeal end in the inferolat-
eral aspect of the anterior part of the ET. It 

     Fig. 7.11    Midcartilaginous portion of a normal left 
Eustachian tube of an adult temporal bone specimen.  C  carti-
lage,  L  lumen,  GL  submucosal glands,  LVP  levator veli pala-
tini muscle,  TVP  tensor veli palatini muscle,  OF  Ostmann’s 
fat pad (Courtesy of I. Sando, MD) (Reproduced with per-
mission from Eustachian tube: structure, Function, Role in 
otitis media, by Charles D. Bluestone.   pmph-usa.com    )       
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occupies the space between the ET proper and 
the TVP muscle (Fig.  7.11 ). 

 It is thought to represent an important contri-
buting factor in closing the tube. It contributes to 
the protection of the ET and the middle ear from 
re fl ux of nasopharyngeal secretions. In malnour-
ished persons this pad of fat is lost causing patu-
lous ET. 

 Ostmann’s fat pad increases in volume during 
childhood, being most voluminous in adults, and 
regresses in the elderly.   

    7.2.4   The Pharyngeal End 

 The pharyngeal end of the ET passes above 
the superior constrictor muscle through the 
sinus of Morgani to lay under the mucosa of 
the  nasopharynx. The pharyngeal ori fi ce lies 
 approximately at the posterior level of the vomer, 
about 1.25 cm behind the posterior end of the 
inferior turbinate and approximately 2 cm above 
the plane of the hard palate  [  9  ] . 

 The pharyngeal ori fi ce is triangular in shape 
with an inferior base; it measures 8–10 mm in 
height and 3–5 mm in width (Figs.  7.6  and  7.12 ). 
The pharyngeal ori fi ce is closed at rest and 
becomes elliptical or triangular with a superior 
apex during opening.  

 Its anterolateral border is a vertical prominent 
crease, called the salpingopalatine crease. It cor-
responds to the lateral plate of the tubal cartilage 
and the TVP muscle. The posteromedial border 
is prominent and corresponds to the medial 
lamella of the tubal cartilage pressing against the 
nasopharyngeal mucosa; this prominent surele-
vation of the mucosa is called the     torus tubari  
(Fig.  7.12 ). The torus tubari thickness is of 
10–15 mm  [  15  ] . The mucosa of the torus tubari 
is rich in glands and lymphoid tissue forming the 
 tonsil of Gerlach.  The inferior border of the pha-
ryngeal ori fi ce is bounded by the levator veli 
palatini muscle. 

 Just medial and behind the torus tubari there 
is a recess called the  fossa of Rosenmüller , 
which is a triangular recess of about 1.5 cm 
deep. Its apex is in close relationship with the 
carotid canal, and its base is closely related to 

the skull base with the foramen lacerum lying 
medially. Adenoid tissues usually extend into 
this recess giving soft tissue support to the ET 
(Fig.  7.12 ).  

    7.2.5   Muscles of the Eustachian Tube 

 Four muscles are associated with the ET: the ten-
sor veli palatini (TVP), the levator veli palatini 
(LVP), the salpingopharyngeus, and the tensor 
tympani muscle. 

 ET is closed at rest and opens during swal-
lowing or yawning. Active opening of the ET is 
induced by TVP muscle contraction  [  20–  22  ] . 
Closure of the tube is a passive phenomenon and 
is not the result of a muscular contraction. It 
takes place secondarily to the passive reapproxi-
mation of the tubal walls by extrinsic forces 
exerted by the surrounding deformed tissues and 
also by the recoil of elastic  fi bers of the hinge 
portion  [  15  ] . 

    7.2.5.1   Tensor Veli Palatini (TVP) Muscle    
 The TVP muscle is composed of two distinct 
bundles of muscle  fi bers: the lateral (superfi cial) 
and the medial (deep) bundle that are separated 
by a  fi broelastic layer (Fig.  7.13 ). 

  Fig. 7.12    Endoscopic view of left pharyngeal ori fi ce.  FR  
fossa of Rosenmuller,  AV  adenoid vegetation,  TT  torus 
tubari,  SPC , salpingopalatine crease containing levator 
veli palatini muscle,  LVP  levator veli palatini muscle in 
the  fl oor of the Eustachian tube,  SP  soft palate, 
* Eustachian tube lumen       
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      The Lateral Bundle 
 The lateral bundle is not related to the ET func-
tion. It has an inverted triangular shape with a 
superior base and an inferior apex. It starts supe-
riorly at the scaphoid fossa of the sphenoid bone 
lateral to the ET cartilage. Then, it descends ante-
riorly, laterally, and inferiorly to converge in a 
tendon that rounds the hamular process of the 
medial pterygoid lamina. From the hamular pro-
cess it progresses to insert into the posterior bor-
der of the hard palate and into the palatine 
aponeurosis  [  15  ] . 

 The lateral bundle of the TVP muscle ensures 
the tension of the soft palate.  

      The Medial Bundle 
 The medial bundle, also called the dilator tube 
muscle, has its superior origin in the posterior 
half of the lateral lamina of the cartilaginous ET. 
Its  fi bers descend sharply and converge in a ten-
don that inserts on the hamular process of the 
medial pterygoid plate. 

 The medial bundle is responsible for the active 
dilatation of the  fi brocartilaginous tube by infero-
lateral displacement of its membranous wall 
 [  23–  25  ] . 

 Secondary attachments of the medial bundle 
are present sometimes at the maxillary tuberosity 
and the palatoglossal arch. These insertions sug-
gest that even if the hamulus is in-fractured dur-
ing cleft palate surgery, the TVP function could 
be maintained by preserving its maxillary inser-
tion  [  26  ] . 

 Both bundles are innervated by the mandibu-
lar nerve (V3).   

    7.2.5.2   The Levator Veli Palatini (LVP) 
Muscle (Fig.  7.13 ) 

 The LVP muscle arises from the inferior aspect of 
the petrous apex of the temporal bone. Its rounded 
body passes inferomedially, paralleling and lying 
beneath the  fl oor of the  fi brocartilaginous tube 
lumen. The  fi bers of this muscle insert by fanning 

SphenoidSphenoid

PetrousPetrous

Soft p
alate

Soft p
alate

HH
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b

     Fig. 7.13    Schematic representation of paratubal muscles 
and the action of tensor veli patine muscle. ( a ) During 
relaxation; ( b ) during contraction.  S.TVP  super fi cial bun-
dle of tensor veli palatine muscle, medial bundle of  DTVP  

deep bundle of tensor veli palatine muscle,  LVP  levator 
veli palatine muscle,  L  tubal ligament,  1  tubal cartilage,  2  
tubal  fi brous membrane, * tubal lumen,  H  hammulus, 
 ICA  internal carotid artery       
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out and blending with the dorsal surface of the 
soft palate  [  9,   17  ] . 

 The LVP muscle is related to the tube only by 
a loose connective tissue  [  20,   27  ] . 

 It is essentially a muscle serving the soft 
palate, but it could also support the ET func-
tion by elevating the medial lamina of the car-
tilage at the pharyngeal ori fi ce  [  19,   28  ] . In 
addition, being located inferolaterally to the 
ET and with its large cross-sectional area in this 
portion, the LVP may be related to the pump-
ing clearance (drainage) function of the tube in 
such a way that the distal end of the tube closes 
 fi rst followed progressively towards the pha-
ryngeal ori fi ce, thus pumping out the middle 
ear secretions  [  29  ] . 

 The levator veli palatini is innervated by the 
glossopharyngeal nerve (IX).  

    7.2.5.3   The Salpingopharyngeal Muscle 
 The salpingopharyngeal muscle arises from 
the medial and inferior borders of the tubal 
cartilage via slips of muscular and tendinous 
 fi bers. Then the muscle courses inferoposteri-
orly to blend with the mass of the palatopha-
ryngeal muscle. The salpingopharyngeal 
muscle is not involved in the function of the 
ET. It is innervated by the glossopharyngeal 
nerve IX  [  9,   27  ] .  

    7.2.5.4   The Tensor Tympani Muscle 
 The tensor tympani muscle arises from the 
superior surface of the cartilaginous part of the 
auditory tube, the greater wing of the sphenoid, 
and the petrous part of the temporal bone. The 
muscle passes posterolaterally and always supe-
riorly to the ET in its bony semicanal to the 
cochleariform process on the medial wall of the 
middle ear. Its tendon hooks around the cochle-
ariform process to run laterally and insert into 
the medial aspect of the neck of the malleus. 
Contraction of the tensor tympani pulls the ear-
drum medially and restricts its mobility. Thus, 
sound transmission through the middle ear is 
attenuated when the tensor tympani is con-
tracted. It is innervated by a branch of the man-
dibular nerve V3.   

    7.2.6   Eustachian Tube Mucosa 

 At the tympanic ori fi ce of the ET, the lumen is of 
2 mm in height and 5 mm in width. From the isth-
mus downwards, the lumen expands continuously 
to become about 8–10 mm in height and 1–2 mm 
in width at its pharyngeal ori fi ce. 

 The lumen is lined by a pseudostrati fi ed, 
columnar epithelium of a ciliated type, which 
sweeps material from the middle ear to the 
nasopharynx. The mucosa is continuous with the 
lining of the tympanic cavity at its distal end, as it 
is with the nasopharynx at its proximal end. 
Associated with these ciliated epithelial cells are 
the goblet cells  fi guring about 20 % of the cell 
population  [  30,   31  ] . 

 The  fl oor mucosa of the tube contains numerous 
goblet cells, copious ciliated cells, and glands 
 [  31,   32  ] . The roof mucosa of the tube has sparse 
goblet cells and cuboidal ciliated cells without 
seromucous glands. 

 Therefore, we can recognize two different 
morpho-functional corridors in the ET lumen:
    1.    Superior corridor: the roof for the ventilation 

function  
    2.    Inferior corridor: the  fl oor with its mucociliary 

clearance function      

    7.2.7   Eustachian Tube Blood Vessels 

 The arterial blood supply of the ET is derived 
from the ascending pharyngeal and middle men-
ingeal arteries. The venous drainage is carried to 
the pharyngeal and pterygoid plexus of veins. 
The lymphatic chains drain into the retropharyn-
geal lymph nodes.  

    7.2.8   Eustachian Tube Nerves 

 The ostium and the cartilagenous portion of the 
ET are innervated by the pharyngeal branch of 
the sphenopalatine ganglion deriving from the 
maxillary nerve (V2). 

 The bony portion of the ET is innervated 
by the tympanic plexus deriving from the 
glossopharyngeal nerve (IX).        
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a b

  Fig. 7.14    ( a ) Transversal computed tomography of a 
15-year-old boy with bilateral adhesive otitis media. 
Huge adenoid hypertrophy ( white arrows ) in the naso- 
 pharynx. ( b ) Transversal injected computed tomography 

of an adult showing a well-encapsulated globulous lesion 
( schwannoma) of the right infratemporal fossa (*), with a 
mass effect ( white arrows ) on the Eustachian tube       

     Clinical Application  

      Eustachian Tube Function 

 Although the osseous portion of the ET 
remains patent and is not dynamic, the car-
tilaginous portion of the ET is normally 
closed and opens only for brief periods of 
time. This situation blocks the nasopharyn-
geal secretions or a gastric re fl ux from 
entering into the middle ear as well as it 
prevents autophonia. 

 Brief intermittent periods of ET opening 
occur in normal individuals to insure mid-
dle ear ventilation. The ET opens 1.5 times 
every minute. Every opening lasts about 
0.5 seconds  [  33  ] . These openings are the 
result of the contractions of TVP muscle. 

 In addition, the ET insures the function 
of the middle ear mucociliary clearance. 
The ciliated epithelial cells of the lumen 
 fl oor provide a mucociliary “elevator” to 
push debris and secretions downwards 
from the ET into the nasopharynx. 

 Impairment of the tubal function can be 
divided into two main categories: 
 Eustachian tube dysfunction  when the tube 
does not open properly or  patulous 

Eustachian tube  when the tube remains 
inappropriately patent.  

      Eustachian Tube Dysfunction 

 ET dysfunction could be the result of 
mucosal in fl ammation with edema and 
obstruction, or anatomical extrinsic obstruc-
tion, or failure of dilatation from mus-
cular problems causing dilatory dynamic 
dysfunction. 

 Dilatatory dynamic dysfunction of the 
ET is a strong contributor for ET disorders 
in infants  [  34,   35  ] . 

 Anatomical extrinsic obstruction must 
always be ruled out. In children and adoles-
cent, anatomical obstruction could be fre-
quently due to adenoid hypertrophy. In 
adults presenting unilateral ET dysfunc-
tion, nasopharyngeal or infratemporal fossa 
tumors must be ruled out (Fig.  7.14 ).  

 Intrinsic blockage of the ET is more 
common than anatomical extrinsic obstruc-
tion. It is often the result of mucosal 
in fl ammation (mucosal disease), possibly 
due to allergies or laryngopharyngeal 
re fl ux. Tobacco use results in a loss of the 
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