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2.1	 �Introduction

The study of the ear structures has been a matter 
of great interest among anatomists, researchers, 
and physicians throughout the centuries [1]. 
Before the introduction of the first functional 
microscope in the 1660s, descriptions of the ear 
anatomy were limited to gross macroscopic stud-
ies of the external ear [1]. But the introduction of 
microscopy equipment and tissue staining tech-
niques in the 1670s allowed the study of micro-
scopic aspects of several diseases and 
malformations affecting the ear [1].

The first author to describe an inner ear abnor-
mality was Carlo Mondini [2], in 1791, who 
reported the first gross anatomic features of a 
malformation which was later named by 

Siebenmann [3], in 1904, as “typus Mondini.” 
[4] In his descriptions, Mondini [2] describes 
dilatation of the vestibule and vestibular aque-
duct and several cochlear abnormalities, includ-
ing incomplete interscalar septum, incomplete 
development of the modiolus, and hypoplasia of 
the upper turns, limiting the cochlea to one and a 
half turns [4]. Later, in 1838, Edward Cock [5] 
reported a wide communication between the 
cochlea and the vestibule in four human tempo-
ral bones, a deformity that is now known as 
“common cavity.” In 1863, P.  Michel [6] 
described another inner ear malformation char-
acterized by bilateral absence of inner ear struc-
tures, which were later named after him (Michel 
aplasia). Other malformations affecting the 
membranous labyrinth have been described as 
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well, including complete membranous labyrin-
thine dysplasia [7], cochleosaccular dysplasia 
[8], and cochlear basal turn dysplasia [9]. Since 
membranous abnormalities are not seen in the 
available imaging tests, those are not included in 
most current classification systems of malforma-
tions [10].

For years, the term “Mondini dysplasia” has 
been used to describe virtually every type of con-
genital inner ear malformation detected by imag-
ing tests [10]. However, further histopathologic 
and imaging have made possible the development 
of classification systems and to hypothesize poten-
tial pathophysiologic and embryogenic mecha-
nisms involved in the genesis of each malformation 
[10, 11]. In addition, those new findings allowed 
the development of several hearing rehabilitation 
solutions for patients who have severe-to-profound 
hearing loss secondary to inner ear malformations 
[12–14]. Initially, these patients were excluded 
from the candidacy criteria for cochlear implanta-
tion, mostly due to concerns about potential com-
plications and low expectations of a successful 
stimulation of the cochlear nerve [7, 12]; in addi-
tion, the auditory brainstem implants were not 
indicated for children under 12  years [15]. But 
technological advancements as well as the grow-
ing number of surgeons who successfully per-
formed those implants in pediatric and adult 
patients with cochleovestibular malformations 
have led to gradual change to their indications [13, 
14, 16]. Analysis of inner ears from donors who 
had cochlear malformations has a tremendous 
value to achieve a better understanding of the 
embryologic, pathophysiologic, morphologic, and 
developmental features associated with those mal-
formations [1, 17].

2.2	 �Classification of Inner Ear 
Malformations

The introduction of high-resolution computed 
tomography (CT) and magnetic resonance imag-
ing (MRI) in the late 1980s, as well as further 
histopathologic analysis of human temporal bone 
specimens, resulted in detailed descriptions of 
new morphologic aspects and malformations that 

do not completely fit the initial descriptions of 
Mondini [2], Siebenmann [3], and Terrahe [17]. 
Moreover, new classifications became a necessity 
with the development of cochlear and brainstem 
implants—selection of potential candidates to 
those implants includes a thorough evaluation of 
the type and degree of malformations, consider-
ing their impact in the surgical decisions and 
potential prognosis of the rehabilitation [18].

Jackler et  al. [10] were the first authors to 
describe a classification system for inner ear mal-
formations based upon their radiologic appear-
ance. The authors also described potential 
embryologic mechanisms (developmental arrest, 
aberrant development) involved in their genesis, 
and correlated the findings with the audiologic 
patterns and prognosis. Their classification has 
divided the bony malformations in 2 groups, one 
with absent or malformed cochlea and one with 
normal cochlea (Table 2.1). As a general rule, the 
authors observed a correlation between severity 
of the structural abnormalities and worse audio-
logic results [10].

Marangos [19], in 2002, developed a new 
classification method and highlighted some of 
the arrests in the embryogenic development that 
may cause each type of malformation. The 
authors also claim that some of the malforma-
tions may be considered as absolute contraindi-
cations to cochlear implant, due to potential 
complications and very low expectation of hear-
ing rehabilitation. Marangos’ [19] classification 
also includes other types of abnormalities not 
contemplated by Jackler et al. [10], such as long 
crista transversa, internal auditory canal triparti-
tus, and X-linked hearing loss (Table 2.1).

Sennaroglu and Saatci [11], in 2002, reported 
a classification method for cochlear malforma-
tions based on radiologic findings in 23 patients. 
The authors classified the abnormalities accord-
ing to their locations in the inner ear and severity 
of the abnormalities in the inner and outer archi-
tecture. They also demonstrated that abnormali-
ties in each labyrinthine compartment may occur 
in isolation or in association with malformations 
of other portions of the bony labyrinth (Table 2.1). 
With their findings, they hypothesized potential 
pathophysiologic mechanisms and embryogenic 
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factors associated with the development of each 
abnormality [11, 20]. Later, in 2006, Sennaroglu 
et  al. [12] modified their classification to 
accommodate the X-linked deafness as “incom-
plete partition type 3.”

More recently, Jeong and Kim [21] suggested 
a new classification system, claiming that previ-
ous classifications have embryogenic implica-

tions but lack clinical application. Reviewing 
clinical, imaging, and surgical data of 59 patients 
with cochleovestibular malformations subjected 
to cochlear implantation, the authors suggested 
the following classification: (1) type A, normal 
cochlea and modiolus; (2) type B, malformed 
cochlea and partial modiolus; (3) type C, mal-
formed cochlea and no modiolus.

Table 2.1  Different classifications of inner ear malformations proposed after introduction of high-resolution computed 
tomography

Author Category Characteristics
Jackler et al. 
[10]

Abnormal cochlea 1 Labyrinthine aplasia (Michel aplasia)
2 Aplasia of cochlea, normal or deformed vestibule/semicircular 

canals
3 Hypoplasia of cochlea, normal or deformed vestibule/semicircular 

canals
4 Incomplete cochlea, normal or deformed vestibule/semicircular 

canals
5 Common cavity

Normal cochlea 1 Dysplasia of vestibule and lateral semicircular canal, normal 
vertical canals

2 Enlarged vestibular aqueduct, normal or dilated vestibule, normal 
semicircular canals

Marangos [19] Incomplete embryonic 
development

1 Labyrinthine aplasia (Michel aplasia)
2 Common cavity (otocyst)
3 Aplasia/hypoplasia of cochlea, normal vestibule/semicircular 

canals
4 Normal cochlea, aplasia/hypoplasia of vestibule/semicircular 

canals
5 Labyrinthine hypoplasia (cochlea and vestibule)
6 Mondini dysplasia

Aberrant embryonic 
development

1 Enlarged vestibular aqueduct
2 Narrow internal auditory canal
3 Long crista transversa
4 Internal auditory canal tripartitus
5 Incomplete cochleomeatal separation

Isolated hereditary 
malformations

1 X-linked hearing loss

Syndromes 2 Malformations associated with syndromes
Sennaroglu 
[11]

Cochlear malformations 1 Labyrinthine aplasia (Michel aplasia)
2 Cochlear aplasia
3 Common cavity
4 Cochlear hypoplasia
5 Incomplete partition type I
6 Incomplete partition type II (Mondini dysplasia)

Vestibular malformations Labyrinthine aplasia, common cavity, absent vestibule, 
hypoplastic vestibule, dilated vestibule

SCC malformations Absent, hypoplastic, enlarged
IAC malformations Absent, narrow, enlarged
Vestibular and cochlear 
aqueduct

Enlarged

SCC semicircular canal, IAC internal auditory canal

2  Histopathologic Findings in Inner Ear Malformations
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2.3	 �Embryology of Inner Ear 
Malformations

After 3 weeks of development, the ectoderm on 
each side of the rhombencephalon thickens to 
form the otic placodes, which will later invagi-
nate and form the otocysts [22]. Arrest in the 
development before formation of the otocyst 
leads to labyrinthine aplasia (Michel aplasia) 
[20]. The labyrinthine aplasia may occur either 
with presence or absence of the petrous bone and 
otic capsule [20]. If the arrest occurs in the initial 
stages of the otocyst formation, the resultant 
deformity is called “rudimentary otocyst.” [23] 
At Week 5, the pars utriculovestibularis grows 
dorsocranially to later form the utricle, semicir-
cular canals, and endolymphatic duct [22, 24]. 
The earlier formation of the posterior labyrinth 
explains why some cochlear malformations are 
not necessarily followed by abnormalities in the 
posterior labyrinth [20]. An arrest in develop-
ment which occurs between the fourth and fifth 
week (before differentiation of the otocyst into 
cochlea and vestibule) will result in common 
cavity malformation. On the other hand, an insult 
affecting the inner ear within the fifth week 
(before development of the cochlear duct) will 
lead to an abnormality characterized by cochlear 
aplasia with hypoplastic or normal vestibular/
endolymphatic structures [10, 20, 22].

During the sixth week, the cochlear duct starts 
to develop from the saccule, reaching the size of 
one turn at 7 weeks, 1.5 turns at 8 weeks, and the 
full 2.5 turns before the 11th week [10, 20, 22]. If 
there is any developmental arrest between sixth 
and 11th week, the cochlea will be hypoplastic 
with some degree of underdeveloped internal 
architecture depending on the time the insult hap-
pens [10, 20, 22]. After the cochlea reaches the 
full size of 2.5 turns, it will slowly continue to 
grow in caliber until it reaches adult size between 
the 22nd and 24th weeks. Thus, defects in the 
development occurring after the tenth week will 
result in a cochlea with normal or near-normal 
external dimensions [10, 20, 22].

After the cochlea reaches 2.5 turns around the 
tenth week, the mesenchyme surrounding the 
cochlear duct differentiates into cartilage, which 

will later become the perilymphatic cochlear 
ducts; in addition, epithelial cells of the cochlear 
duct differentiate into the spiral limbus and organ 
of Corti [10, 20, 22]. The development of the ves-
tibulocochlear nerve occurs in parallel to the 
membranous labyrinth—before the eighth week, 
nerve fibers from the neuroblasts grow towards 
the labyrinth and vestibulocochlear nerve area at 
the brainstem [10, 20, 22]. Vestibulocochlear 
nerve is present by seventh week, while the hair 
cells in the basal turn of the cochlea receive nerve 
fibers around the tenth week [10, 20, 22]. The 
modiolus develops from the membranous bone 
within the cochlea, and bone deposition occurs 
exponentially around 20–21st week in the basal 
and middle turns of the cochlea and towards the 
apical turn by the 25th week. Thus, any cochlear 
developmental arrest after the tenth week will not 
affect the cochlear size, but may have a signifi-
cant impact on the development of the internal 
architecture of the cochlea and vestibulocochlear 
nerve, comprising both incomplete partitions and 
membranous labyrinth anomalies [10, 20, 22].

2.4	 �Histopathologic Findings 
of Inner Ear Malformations 
and Their Clinical 
Implications

Histopathologic studies of human temporal bone 
from donors who had inner ear malformations 
provided (and will continue to provide) invalu-
able contributions to the current knowledge on 
several features of labyrinthine anomalies [1]. 
Throughout the years, several different types of 
inner ear malformations have been described, but 
adequate assessment of several of them was only 
made possible after introduction of high-
resolution CT [10]. It is known today that over 
20% of all cases of congenital sensorineural 
hearing loss are secondary to bony malforma-
tions, while the remaining 80% are probably 
membranous malformations located at the cellu-
lar level [11]. However, for many years, the term 
“Mondini deformity” has been used in such a 
way to encompass any type of bony malforma-
tion affecting the cochlea [10].
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After the first demonstration of a cochlear 
implant in a patient with inner ear malformation 
by Mangabeira-Albernaz [16], in 1983, in addition 
to other following successful experiences [13, 14], 
the candidacy for cochlear implants has changed 
to accommodate patients with cochlear malforma-
tions, who were initially excluded from its indica-
tions [12]. The possibility for hearing restoration 
in this specific population brought the need for a 
broader and deeper understanding of the anatomic, 
morphologic and functional aspects of each spe-
cific type of inner ear malformation [10, 11]. In 
this regard, imaging and histopathologic studies 
already provided advances, demonstrating several 
different types of malformations and their respec-
tive morphologic features [25, 26]. The clinical 
implications of those new findings are clear, con-
sidering that some types of malformations are 
associated with neural and structural abnormalities 
that may either predict the results or even contrain-
dicate cochlear implantation at all, as in cases of 
labyrinthine aplasia—those patients may benefit 
from brainstem auditory implants [12].

The classification systems proposed for inner 
ear malformations after the 1980s mostly com-
prised of bony malformations, considering that 
they can be identified in imaging tests [10]. 
However, descriptive histopathologic analysis of 
human temporal bones also demonstrated several 
malformations affecting only the membranous 
labyrinth as well [27, 28].

2.4.1	 �Malformations 
of the Membranous Labyrinth

In this group of malformations, the otic capsule 
and bony labyrinth are well developed and nor-
mal in size, but there is abnormal development of 
the internal architecture of the membranous laby-
rinth. The three main types of exclusive membra-
nous malformations are:

	1.	 Cochleosaccular dysplasia (Scheibe dyspla-
sia): This type of malformation involves only 
the saccule and cochlea, while the utricle and 
semicircular canals are spared [29]. Several 
abnormalities secondary to this malformation 

were observed, such as degeneration of the 
stria vascularis and organ of Corti, loss of 
inner and outer hair cells, and collapsed 
Reissner’s membrane; signs of hydrops may 
also be observed [28, 29]. However, there 
seem to be no significant decrease in the 
number of neuron cells. The saccular mem-
brane is usually collapsed and its sensorial 
epithelium is deformed [29]. Some degree of 
atrophy of the cochlear and vestibular nerve 
have been reported as well [28]. This abnor-
mality may occur as part of several syn-
dromes (Down, keratitis-ichthyosis-deafness, 
Refsum, Waardenburg, Jervell and Lange, 
trisomy of 18), following viral infections 
(congenital rubella), or in isolation [28, 29].

	2.	 Cochlear basal turn dysplasia (Alexander dys-
plasia): In his original description in 1904 [9], 
Alexander describes the abnormalities affect-
ing the inner ear of a 38-year-old man who 
was deaf mute. The author describes normal 
pars inferior, while the cochlea had several 
abnormalities affecting the basal turn, includ-
ing atrophy of the stria vascularis, defect of 
the interscalar septum from above the upper 
basal turn, loss of hair and pillar cells in the 
organ of Corti, and loss of spiral ganglion 
neurons. In the middle and apical turns, minor 
changes were observed, such as atrophy of the 
stria vascularis and spiral ligament and 
absence of helicotrema. However, no subse-
quent report of a malformation limited to the 
basal turn of the cochlea has been later 
described [7].

	3.	 Complete membranous labyrinth aplasia 
(Siebenmann-Bing): The description of a com-
plete dysplasia of the membranous labyrinth 
was first published by Siebenmann and Bing, in 
1907 [10]. This type of malformation is exceed-
ingly rare, with very few reports in the literature. 
The bony labyrinth has a normal development, 
and thus such abnormality cannot be seen in the 
currently available imaging tests [7]. It has also 
been suggested that it may be a severe variant of 
the Scheibe’s dysplasia. An association with 
genetic syndromes such as Jervell and Lange, 
Usher, and oculo-auriculo-vertebral spectrum 
has been reported in the past [7].

2  Histopathologic Findings in Inner Ear Malformations
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2.4.2	 �Malformations of the Bony 
Labyrinth

In this group of malformations, abnormalities 
affect the otic capsule and internal/external 
cochlear and vestibular bony architecture, which 
may be accompanied by membranous abnormali-
ties [10, 11, 20]. It comprises a wide range of 
abnormalities, ranging from complete labyrin-
thine aplasia (Michel aplasia) to near-normal 
inner ear. The most important bony malforma-
tions, as reported by Sennaroglu and Saatci [11], 
include labyrinthine aplasia, rudimentary oto-
cyst, common cavity, cochlear aplasia, cochlear 
hypoplasia, and incomplete partition. Those mal-
formations may be bilateral (more frequently) or 
unilateral, and the contralateral side may be nor-
mal or have a different type of malformation [11, 
24]. In addition, they may occur in isolation, 
associated with middle ear or other organ anoma-
lies, or in association with several syndromes, 
such as Wildervanck, Pendred, DiGeorge, and the 
trisomies [29]. The currently available histopath-
ologic findings of human bone studies in the lit-
erature are listed below and in Table 2.2.

Labyrinthine aplasia and rudimentary otocyst 
comprise a group of malformations resulting 
from very early arrest in embryologic develop-
ment, before the fifth week. To date, there are no 
histopathologic descriptions of those abnormali-
ties in human temporal bones. Radiologic and 
clinical characteristics are described below:

2.4.2.1	 �Labyrinthine Aplasia (Michel 
aplasia)

It is characterized by the absence of both anterior 
and posterior labyrinth [6]. Petrous bone, as well 
as otic capsule, may be hypoplastic, aplastic, or 
normal [30]. There are no histopathologic human 
temporal bone descriptions of this malformation 
in the literature [20]. Patients with this abnormal-
ity have absence of response in all clinical audio-
logic tests and may benefit only from brainstem 
auditory implants [15, 31].

2.4.2.2	 �Rudimentary Otocyst
In the initial stages of embryologic development, 
an arrest in development may occur right after 

formation of the otocyst—such arrest results in a 
small, millimetric round or ovoid cavity, which 
may have parts of semicircular canals, called 
rudimentary otocyst. It is an earlier malformation 
as compared with the common cavity, which is 
larger in size and may have nerve connections 
through the internal auditory canal. Audiologic 
tests in patients with this abnormality are absent, 
and the only hearing rehabilitation option is 
brainstem auditory implant [15, 31]. Although (to 
the best of our knowledge) no human temporal 
bone description of this type of abnormality 
exists, studies in mice demonstrated the first mat-
urational stages of the otocyst [32–34]. At Day 12 
of embryologic development, areas of sensory 
structures can be identified [32–34], and at this 
stage, the otocyst is composed of pseudostratified 
columnar epitheliae surrounded by undifferenti-
ated mesenchymal cells [32]. In some areas, there 
may be initial differentiation of those mesenchy-
mal cells in chondrocytes [32, 33]. There are 
definite perilymphatic spaces, with respective 
projections resembling rudimentary semicircular 
canals; those canals sometimes have identifiable 
cristae, which usually end in a blind sac into the 
cartilaginous capsule [32]. No endolymphatic 
duct or sac is identified [32]. There may be for-
mation of utriculosaccular spaces in a few cases, 
with or without sensorial macula [32]. In over 
50% cases, there may be partial development of a 
cochlear duct, which does not coil and become a 
swollen sac [32–34]. Rudimentary cochlear sen-
sory epithelia and tectorial membrane may also 
be present [32–34].

2.4.2.3	 �Common Cavity
The common cavity deformity, first described in 
1838 by Cock [5, 7, 35], comprises a single, 
ovoid or round chamber as seen in imaging tests. 
It seems to occur secondary to an arrest in devel-
opment around the fourth and fifth weeks [5]. It 
is important to differentiate a common cavity 
from a rudimentary otocyst due to the clinical 
implications. In both situations, a round or ovoid 
cavity is seen in the otic capsule, but in the rudi-
mentary otocyst, the cavity is smaller in size and 
there is no internal auditory canal [5, 36]. In the 
common cavity, there is an internal auditory 
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canal (Fig. 2.1) and also neural spiral ganglion 
cells in the lateral wall, which allow cochlear 
implantation.

Patients with common cavity deformity usu-
ally have profound sensorineural hearing loss 
[30]. Considering the possibility of the presence 
of a viable cochlear nerve, cochlear implants may 
be indicated [5, 30]; nonetheless, it is imperative 
to perform an extensive audiologic assessment 
prior to surgery [5, 30]. In cases that a cochlear 
implant is indicated, the selected electrode should 
be short and expand against the external borders 
of the cochlea to reach the neural epithelium [5, 
30, 36]; curved electrodes (designed to “hug” the 
modiolus) should be avoided [5, 37]. In cases of 
cochlear nerve aplasia or failure of cochlear 
implants, auditory brainstem implants may be 
offered [5, 15, 30].

2.4.2.4	 �Cochlear Aplasia
In this type of malformation, although the otic 
capsule is present and posterior labyrinth is 
formed, no cochlea is developed [10, 11, 20]; 
labyrinthine segment of the cochlear nerve is 
usually dislocated anteriorly. The arrest in devel-
opment leading to this abnormality must occur 
before the development of the cochlear duct at 
fifth week. Frequently, the abnormality is bilat-
eral and symmetric, suggesting a genetic origin. 

The vestibule and vestibular canals may be hypo-
plastic or dilated.

2.4.2.5	 �Cochlear Hypoplasia
Cochlear hypoplasia is defined as the presence of 
an identifiable cochlea with smaller external 
dimensions. The prevalence of cochlear hypopla-
sia accounts for 15–23.5% among all types of 
inner ear malformations [23, 38]. They may 
occur in isolation or associated with several syn-
dromes, such as branchio-oto-renal syndrome, 
trisomy of 13, and triploidy [39]. The degree of 
structural abnormalities depends largely on the 
time and severity of arrest during the embryo-
logic period [7, 10, 20]. The arrest in develop-
ment leading to cochlear hypoplasia occurs 
between the sixth and eighth week, after the 
cochlear duct is formed but has not yet completed 
their development in caliber [20]. The only 
exception is cochlear hypoplasia type IV, in 
which the arrest seems to occur in a later devel-
opmental stage [10, 20].

There may be some coincidence in the mor-
phologic appearance of cochlear hypoplasia, 
cochlear aplasia with enlarged vestibule and 
common cavity malformations [20]. The differ-
ence between those entities is that in the cochlear 
hypoplasia, the cochlea and the vestibule are dis-
tinct. Although morphologically similar, it is 
imperative to identify the type of malformation in 
the preoperative evaluation of patients with 
potential cochlear implant indication: patients 
with common cavity and cochlear hypoplasia 
may achieve good results with cochlear implants, 
but patients with cochlear aplasia only benefit 
from brainstem implants [20, 23].

When cochlear implants are indicated, there 
are some morphologic features that have to be 
assessed in the preoperative evaluation [18]. 
Patients who have bony cochlear nerve canal 
aplasia always have severe-to-profound hearing 
loss and do not benefit from cochlear implanta-
tion [37]. If the canal is hypoplastic, the hearing 
levels vary from mild (less frequently) to pro-
found hearing loss [23, 40–42]. The presence of 
normal cochlear nerve canal also does not 
necessarily represent better hearing levels as 
compared with cochlear aperture hypoplasia, 

Fig. 2.1  Common cavity deformity. The cavity is bigger 
in size as compared with a rudimentary otocyst, and there 
is an internal auditory canal. (Source: Image kindly pro-
vided by Dr. Levent Sennaroglu, reproduced under his 
authorization)
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considering the other structural and membranous 
abnormalities present in cochlear hypoplasia and 
also the status of the cochlear nerve fibers, which 
may be normal, hypoplastic, and aplastic in both 
conditions [20, 30, 37, 40]. Intraoperatively, con-
sidering the anatomic aberrations associated with 
the hypoplasia, identification of the round win-
dow niche/membrane through facial recess 
approach may be difficult; therefore, an addi-
tional transmeatal approach or a labyrinthotomy 
is needed in some cases [37, 43]. The course of 
the facial nerve may be abnormal as well [20, 23, 
44]. It is recommended to use thin (0.8 mm) and 
short (<20  mm) electrodes, given the smaller 
cochlear size and fragility of its internal architec-
ture [12, 30, 37].

Sennaroglu and Bajin [30] have categorized 
the group of malformations nominated as 
cochlear hypoplasia in four subgroups:

	1.	 Cochlear hypoplasia type I: The cochlea is 
either oval- or round-shaped, and its internal 
architecture is severely deformed [11, 20, 23].

	 (a)	 Internal cochlear architecture: The 
modiolus is absent or hypoplastic, with 
defective neural connections into the inte-
rior of the cochlea [11, 20, 23]. There is 
no interscalar septum or internal membra-
nous structures [11, 20, 23, 30].

	 (b)	 Bony cochlear nerve canal/cochlear 
nerve: The canal for the cochlear nerve 
may be aplastic (no cochlear nerve), or 
hypoplastic, with coincident cochlear 
nerve hypoplasia [11, 20, 23].

	 (c)	 Vestibular system: The vestibular system 
may be hypodeveloped as well—there 
were reports of aplasia or hypoplasia of 
the vestibule and semicircular canals and 
dilatation of the utricle [20].

	 (d)	 Other associated malformations: fixation 
of the footplate and aplastic oval window 
[11, 20].

	 (e)	 Clinical implications: Most patients with 
cochlear hypoplasia type I have severe-to-
profound sensorineural or mixed hearing 
loss [23]. Therefore, there are not many 
treatment options other than cochlear or 
auditory brainstem implants [30, 37]. In 

preoperative evaluation, the morphology 
of the bony cochlear nerve canal should be 
assessed carefully, considering that the 
cochlear implant may not provide good 
hearing outcomes if the canal is aplastic 
[30]. In cases of hypoplastic cochlear 
nerve and subtotal/total modiolar defect, it 
is recommended to first perform cochlear 
implants—although their functional 
results may be poorer than in normal 
patients, they are still better than brain-
stem implants, which should be performed 
in the contralateral side if cochlear implan-
tation does not provide sufficient hearing 
restoration [30, 37]. If cochlear implants 
are indicated, short, straight electrodes are 
warranted for two reasons: (1) the neural 
epithelium is usually localized at the lat-
eral cochlear wall, and thus the electrode 
should expand against these; and (2) if 
there is a communication between the 
cochlea and internal auditory canal, 
curved electrodes may be misplaced 
inside the meatus, increasing the risks for 
damaging the facial nerve [31, 37, 45].

	2.	 Cochlear hypoplasia type II: The cochlea has 
an external shape that, although rounder, is 
more closely related to a normal cochlea as 
compared with cochlear hypoplasia type I.

	 (a)	 Internal architecture: The internal archi-
tecture of the cochlea is also more devel-
oped in the cochlear hypoplasia type II as 
compared with type I [20]. The modiolus 
is always absent or hypoplastic (no devel-
opment in the upper half of the cochlea) 
(Fig. 2.2) [20, 46]. The interscalar septum 
may be either hypoplastic or absent, giv-
ing the cochlea a rounder shape (Fig. 2.2) 
[20]. It has also been demonstrated the 
possibility of absence or loss in the popu-
lation of spiral ganglion cells [20, 46–48]. 
Lateral wall in the basal turn is frequently 
normal in the basal turn, with varying 
degrees of hypoplasia/atrophy in the 
upper regions of the cochlea [20, 46].

	 (b)	 Bony cochlear nerve canal/cochlear 
nerve: There were reports of complete 
absence of bony cochlear nerve canal and 
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hypoplastic nerve, but they may also be 
normal (Fig. 2.2) [20].

	 (c)	 Vestibular system: The vestibule may be 
hypoplastic, normal, or minimally dilated; 
vestibular aqueduct is sometimes enlarged 
[20, 46].

	 (d)	 Other associated malformations: Aplasia 
of the oval window and stapes fixation are 
frequent features of cochlear hypoplasia 
type II [20].

	 (e)	 Clinical implications: The frequent 
abnormalities of the oval window and sta-
pes may add a conductive component 
onto the sensorineural hearing loss, 
although pure sensorineural hearing loss 
is much more frequent than mixed hear-
ing loss among patients with cochlear 
hypoplasia type II [23]. The majority of 
patients (over 80%) have severe-to-
profound hearing loss, while moderate-
to-severe hearing loss is less frequently 
observed [23, 30]. If functional hearing is 
observed, some patients may benefit from 
stapedectomy with postoperative hearing 
aids [23, 30]. In cases of severe-to-
profound hearing loss, cochlear or audi-
tory brainstem implants are warranted 
considering the presence or absence of 
aplasia of the bony cochlear nerve canal 
[31, 37, 45]. In cases with complete 
absence of the modiolus, surgeons must 
be aware of the possibility of intraopera-
tive gusher and misplacement of the 
cochlear implant electrode inside of the 
internal auditory canal [49–51]. The high 
prevalence of stapes abnormalities sec-
ondary to this malformation may increase 
the risks of recurrent meningitis as well 
[36, 52, 53].

	3.	 Cochlear hypoplasia type 3: In this type of 
hypoplasia, the external shape of the cochlea 
is very similar to normal, given the presence 
of interscalar septum [20]. In a case series 
published by Cinar et  al. [23], this type of 
hypoplasia was the most frequent among all 
patients with cochlear hypoplasia. Although 
external architecture is near normal, the 
cochlea is limited to one and a half turns inter-
nally—this particular morphologic feature 
may have led authors in the past to classify 
patients with this abnormality as Mondini 
dysplasia [39]. Given that ossification of the 
cochlea begins only after the membranous 
labyrinth reaches full size, it is possible that, 
in this type of malformation, the cochlea is 
genetically predetermined to have a smaller 
size [20].

Fig. 2.2  A horizontal section of a human temporal bone 
with cochlear hypoplasia type II, harvested from a 5-year-
old male patient (Hematoxylin and Eosin). The patient 
had congenital bilateral profound hearing loss, congenital 
heart problems, and complete cleft lip and palate. He also 
had a history of chronic otitis media bilaterally, as diag-
nosed by physical exam and type B tympanograms. 
Interestingly, he had a cochlear hypoplasia type III on the 
contralateral ear. Conditional audiometry revealed resid-
ual bone conduction thresholds at the frequencies of 250 
and 500  Hz. In this section, it is possible to observe 
mucoid-purulent effusion, fibrous strands, and granula-
tion tissue in the middle ear. The facial nerve is dehiscent 
in its tympanic segment. There is a clear abnormality in 
the footplate. The cochlea is hypoplastic, with a cystic 
apex; slight hydrops in the upper part of the scala media is 
observed. The modiolus is hypoplastic, absent in its upper 
portion. Interscalar septa are absent in the upper part of 
the cochlea as well. There are identifiable spiral ganglion 
cells in the Rosenthal’s canal in the lower basal turn and in 
the lateral posterior wall of the cochlea. There is rudimen-
tary organ of Corti in the basal turn of the cochlea, with 
adjacent normal stria vascularis and spiral ligament. The 
bony cochlear nerve canal is hypoplastic, with no cochlear 
nerve fibers within. Vestibule is hypoplastic, and semicir-
cular canals are aplastic. Saccular wall is slightly dilated. 
Endolymphatic sac and duct are aplastic. (Source: Human 
temporal bone archive from the Otopathology Laboratory 
at the University of Minnesota (USA))
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	 (a)	 Internal architecture: [20] The modiolus 
is usually well developed but shorter than 
in a normal cochlea (Fig. 2.3). Interscalar 
septum is always present. The anatomic 
configuration of the cochlear scalas, 
organ of Corti, and lateral wall is normal 
(Fig. 2.3)

	 (b)	 Bony cochlear nerve canal/cochlear 
nerve: [20] Although frequently normal, 
the bony cochlear nerve canal may be 
aplastic or hypoplastic.

	 (c)	 Vestibular system: [20] vestibule and 
semicircular canals are frequently 
hypoplastic.

	 (d)	 Other associated malformations: [20] 
oval window may be normal or aplastic, 
and stapes fixation is seen in some cases.

	 (e)	 Clinical implications: Given the near-
normal internal cochlear architecture 
and potential abnormalities in the oval 
window, patients may present with vir-

tually any type and degree of hearing 
loss [23, 30]; however, pure sensorineu-
ral, moderate-to-severe, and severe-to-
profound hearing loss are the most 
frequent types of observed hearing loss 
among patients with cochlear hypopla-
sia type 3 [23]. Mixed hearing loss may 
be treated by stapedectomy and/or hear-
ing aids, mild-to-moderate sensorineu-
ral hearing loss with hearing aid or 
middle ear implants and severe-to-pro-
found hearing loss should receive 
cochlear or auditory brainstem implants 
[14, 30, 37, 54].

	4.	 Cochlear hypoplasia type 4: Defined as nor-
mal basal turn, but hypoplastic middle and 
apical turn [20]. Descriptions of this type of 
abnormality are very recent [11, 20]. There is 
no current histopathologic description avail-
able for this type of cochlear hypoplasia [20]. 
Given the normal diameter of the basal turn, it 

Fig. 2.3  A horizontal section of a human temporal bone 
with cochlear hypoplasia type III, harvested from a 
50-year-old female patient (Hematoxylin and Eosin). The 
donor died of acute myeloid leukemia, renal failure, gas-
trointestinal bleeding, and sepsis. At physical examination 
prior to death, she had retracted tympanic membranes but 
no signs of inflammation. She complained of a mild hear-
ing loss in the past, which got worse after she was started 
on ototoxic antibiotics to treat the infection in the moment 
of admission. Left side: In this panoramic view of the 
middle and inner ear, it is possible to observe mucoid-
purulent effusion, fibrous strands, and granulation tissue 
in the middle ear and mastoid antrum. The facial nerve is 
partially dehiscent in its tympanic segment; footplate is 
normal. Vestibule, saccule, utricle, and semicircular 

canals are normal; endolymphatic duct and sac are also 
normal. Right side: A 4× magnification view of the 
cochlea, at the same level as the figure in the left. The 
cochlea is hypoplastic, with decreased number of turns as 
compared to a normal cochlea. The modiolus is normal 
(as per the size of the cochlea). Interscalar septa are pres-
ent. Organ of Corti, basilar membrane, Reissner’s mem-
brane, and structures of the lateral wall are normal. There 
is no apparent decrease in the number of spiral ganglion 
cells in Rosenthal’s canal; cochlear aperture for the 
cochlear nerve, internal auditory canal, and cochlear 
nerve are normal. (Source: Human temporal bone archive 
from the Otopathology Laboratory at the University of 
Minnesota (USA))
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is possible that the insult leading to this type 
of malformation occurs between the tenth and 
20th weeks of embryologic development, and 
the cochlea is probably genetically deter-
mined to have such morphology [20]. From 
imaging observations, it has been noted that 
the upper 1.5 turns of the cochlea are severely 
hypoplastic and dislocated to an anterior posi-
tion [20, 44]. Among the available reports, 
none of the patients with this type of malfor-
mation had bony cochlear nerve canal aplasia. 
There may be fixation of the stapes and apla-
sia of oval window as well.

	 (a)	 Clinical implications: Considering the 
normal cochlear basal turn development, 
patients with his type of cochlear hypo-
plasia may have a mild hearing loss [23]. 
The frequency of moderate-to-severe 
hearing loss is also higher than in other 
types of cochlear hypoplasia. Those 
patients frequently have sensorineural or 
mixed hearing loss, but the presence of 
pure conductive hearing loss has also 
been demonstrated as well—for the other 
types of hypoplasia, there are no clinical 
descriptions of pure conductive hearing 
loss [23]. Treatment options are similar to 
what is described for cochlear hypoplasia 
type 3 [30].

2.4.2.6  �Incomplete Partition 
Anomalies

In this type of malformation, the cochlea is well 
defined, with normal or near-normal size, and 
clearly distinct from the vestibule. According to 
Sennaroglu and Bajin [30], incomplete parti-
tions account for 41% of all inner ear malfor-
mations. In their initial classification published 
in 2002, Sennaroglu and Saatci [11] initially 
reported that incomplete partition type I had 
more severe cochlear abnormalities as com-
pared with cochlear hypoplasia and incomplete 
partition type II. However, those findings have 
been later questioned with the description of a 
wide range of potential types of hypoplasia, as 
previously mentioned [20]. In terms of devel-
opment, cochlear hypoplasia seems to occur in 

an earlier developmental stage as compared 
with incomplete partition malformations, given 
that after the cochlea reaches its full size after 
the eighth week of development, it is not pos-
sible to have cochlear hypoplasia (except type 
IV) [20, 39].

The difference between the types of incom-
plete partitions is the degree of abnormalities 
affecting the internal cochlear architecture. 
Sennaroglu and Saatci [11] classified these 
abnormalities into three groups:

	1.	 Incomplete partition type I: Externally, the 
shape of the cochlea is similar to the cochlear 
hypoplasia type II (round or oval shaped) 
(Fig. 2.4) [20, 55]. Considering its similarities 
with other malformations (such as common 
cavity, rudimentary otocyst, cochlear hypo-
plasia type I, and even Mondini dysplasia), 
some of the past clinical descriptions of the 
incomplete partition type I have been errone-
ously described under other type of malfor-
mation [37, 39]. The difference of the 
incomplete partition type I from those other 
abnormalities is that, in this type of malfor-
mation, it is possible to clearly identify the 
cochlea and vestibule (as opposed to common 

Fig. 2.4  A horizontal human temporal bone section from 
a donor who had incomplete partition type I malformation 
(Hematoxylin and Eosin). The size of the cochlea and ves-
tibule is normal. However, there is no cochlear internal 
architecture, including modiolus and interscalar septa. In 
addition, there is a communication between the base of 
the cochlea and the internal auditory canal. The cochlea is 
separated from the vestibule by only a small thin mem-
brane. (Source: Reproduced with permission of the 
“Massachusetts Eye and Ear Infirmary” and “Cochlear 
Implants International” journal)
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cavity) and the external size of the cochlea is 
normal (as opposed to cochlear hypoplasia 
type II and rudimentary otocyst) [39]. 
Previous histopathologic descriptions of mal-
formations which fit the characteristics of 
incomplete partition type I were nominated 
“empty cochlea,” [56] “severe incomplete 
partition,” [10] “severely dysmorphic 
cochlea,” [57] and “pseudo-Mondini.” [58]

	 (a)	 Internal architecture: The incomplete 
partition type I is characterized by the 
absence or subtotal development of the 
modiolus and absence of interscalar sep-
tum (Fig. 2.4). In some cases, there is no 
bony separation from the cochlear base 
and internal auditory canal. Lateral 
cochlear wall structures are hypoplastic 
or aplastic. The organ of Corti may or not 
be present—when present, it is rudimen-
tary (Fig. 2.3) [5]. Those findings suggest 
an earlier developmental arrest than in 
incomplete partition type II [39].

	 (b)	 Bony cochlear nerve canal/cochlear 
nerve: There is usually a wide communi-
cation between the cochlea and internal 
auditory canal. The cochlear nerve may 
be aplastic (Fig. 2.4). There seems to be a 
distribution of spiral ganglion cells along 
the lateral wall of the cochlea, similarly to 
what is found in common cavity and 
cochlear hypoplasia type I deformities [5, 
36].

	 (c)	 Vestibular system: Vestibule and semicir-
cular canals are frequently grossly dilated 
(Fig. 2.5), but some cases of aplasia of the 
posterior semicircular canal have also 
been described [20]. Enlargement of ves-
tibular aqueduct is very rare—in fact, 
imaging studies demonstrated that the 
vestibular aqueduct is not seen at all in 
some cases [59]. This may be explained 
by the fact that the vestibular aqueduct is 
the last structure of the posterior labyrinth 
to develop, suggesting a developmental 
arrest before this structure is completely 
formed [39]. The vestibule is separated 
from the cochlea by only a very thin 
membrane (Fig. 2.4), but in some cases a 

wide communication between the cochlea 
and vestibule can be seen [5, 20].

	 (d)	 Vestibular system: Vestibule and semicir-
cular canals are frequently grossly dilated 
(Fig. 2.5), but some cases of aplasia of the 
posterior semicircular canal have also 
been described [20]. Enlargement of ves-
tibular aqueduct is very rare—in fact, 
imaging studies demonstrated that the 
vestibular aqueduct is not seen at all in 
some cases [59]. This may be explained 
by the fact that the vestibular aqueduct is 
the last structure of the posterior labyrinth 
to develop, suggesting a developmental 
arrest before this structure is completely 
formed [39]. The vestibule is separated 
from the cochlea by only a very thin 
membrane (Fig. 2.4), but in some cases a 
wide communication between cochlea 
and vestibule can be seen [5, 20].

	 (e)	 Other associated malformations: 
Abnormalities in the stapes with areas of 
absent bone cover on the oval window 
have been described [20].

Fig. 2.5  A panoramic horizontal section of a right human 
temporal bone with bilateral incomplete partition type II, 
harvested from a 90-year-old female donor who died of 
pneumonia (Hematoxylin and Eosin). She had progres-
sive hearing loss until she became completely deaf at the 
age of 6. Middle ear and mastoid are normal; cochlea is of 
normal size, flattened in the upper regions due to abnor-
mal interscalar septum. Bony cochlear nerve aperture and 
internal auditory canal are normal. Vestibule is also nor-
mal, but lateral and posterior semicircular canals seem 
slightly dilated. The endolymphatic duct and sac are 
severely enlarged. There is a partial defect in the footplate, 
which is covered by membranous/fibrous tissue. (Source: 
Human temporal bone archive from the Otopathology 
Laboratory at the University of Minnesota (USA))
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	 (f)	 Clinical implications: Most patients with 
incomplete partition type I have severe-
to-profound hearing loss—it has been 
noted by Sennaroglu and Saatci [39] that 
none of their patients benefit from hear-
ing aids. If a cochlear implant is indi-
cated, considering that the modiolus is 
absent and the neuron cells are located in 
the marginal areas of the cochlea, straight 
electrodes should be used rather than 
ones designed to “hug” the cochlea, 
which may lead to poor results and dis-
placement of the electrode into the inter-
nal auditory canal [30, 55, 60]. The 
surgery may be performed using the tra-
ditional transmastoid-facial recess 
approach, but the transmeatal approach 
may be used considering the possibility 
of aberrant facial nerve course [37, 55]. 
The surgeon must be prepared for profuse 
gusher due to the frequently observed 
large communication between the cochlea 
and the internal auditory canal, which 
should be sealed accordingly [30, 51, 55]. 
In cases of cochlear nerve aplasia, an 
auditory brainstem implant is indicated 
[15, 31]. Due to the anomalies in the foot-
plate, recurrent meningitis is frequent 
among patients with incomplete partition 
type I [30, 55].

	2.	 Incomplete partition type II (Mondini dyspla-
sia): In this type of incomplete partition, the 
upper portion of the modiolus is absent [26]. 
This has been described by Mondini [2], in 
addition to the observations of enlarged ves-
tibular aqueduct and dilated vestibule [20, 25, 
26]. The association between enlarged vestib-
ular aqueduct and partial modiolar defect has 
been demonstrated by several authors [27, 57, 
61]. There are several histopathologic reports 
in the literature describing findings in human 
temporal bones with Mondini dysplasia, 
including absent vestibular labyrinth and ves-
tibular nerve, enlarged vestibular aqueduct 
and sac, loss of both vestibular and cochlear 
hair cells, and atrophy of the stria vascularis 
[25, 26, 46, 62, 63]. However, it has to be con-
sidered that in the past most malformations 

(including common cavity, cochlear hypopla-
sia, and incomplete partition type I) were clas-
sified as Mondini’s dysplasia [10].

	 (a)	 Internal architecture: The apex of the 
cochlea is frequently cystic and dilated, 
given the absence of the upper part of the 
modiolus and its adjacent interscalar 
septa (Figs. 2.5 and 2.6). The scala ves-
tibuli in the basal turn of the cochlea may 
be dilated with its corresponded intersca-
lar septum bulged upwards due to 
increased CSF pressure transmitted 
through an enlarged vestibular aqueduct 
(Figs. 2.5 and 2.6) [20, 64]. Some cases 
of bony defects in the base of the modio-
lus have been described as well [20, 27]. 
The internal architecture of the cochlea, 
especially in the basal turn, may be nor-
mal; however, different degrees of hair 
cell loss have been observed (Figs.  2.4 
and 2.5) [26]. There were reports of spots 
of spiral ligament and stria vascularis 
atrophy as well, which were more pro-

Fig. 2.6  A 4× cochlea-centered magnification of the 
human temporal bone section depicted in this figure 
(incomplete partition type II). The cochlea is of normal 
size, oddly shaped in the upper regions due to the abnor-
mal interscalar septum. Scala vestibuli looks hydropic, 
especially in the upper basal turn, which reflects on the 
flattening of the Reissner’s membrane (arrows pointing 
down) and the bulging of the interscalar septum upwards 
(arrows pointing up). The organ of Corti is absent in all 
cochlear turns, and there is atrophy of the stria vascularis 
and spiral ligament. The number of spiral ganglion cells is 
also decreased. (Source: Human temporal bone archive 
from the Otopathology Laboratory at the University of 
Minnesota (USA))
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nounced in the upper cochlear turns 
(Figs. 2.5 and 2.6) [26].

	 (b)	 Bony cochlear nerve canal/cochlear 
nerve: Normal (Fig. 2.5).

	 (c)	 Vestibular system: Vestibule is frequently 
minimally dilated, and the vestibular 
aqueduct and sac are enlarged in virtually 
all cases (Figs. 2.5 and 2.7). The develop-
ment of the vestibular aqueduct suggests 
that incomplete partition type II malfor-
mations occur in a later embryologic 
stage as compared with incomplete parti-
tion type I.

	 (d)	 Other associated malformations: The sta-
pes footplate, oval window, and round 
window are usually unremarkable [20].

	 (e)	 Clinical implications: The degree of 
hearing loss resulting from the incom-
plete partition type II varies greatly—
Özbal Batuk et al. [59] reported that those 
patients may have normal hearing or vir-
tually any degree of conductive, mixed, or 
sensorineural hearing loss. However, in 
their casuistic, most patients (>75%) had 
severe-to-profound hearing loss. It is usu-
ally observed that patients with incom-
plete partition type II may have 
progressive hearing loss, possibly due to 
further sensorial and neural degeneration 
caused by the transmission of CSF pres-
sure to the cochlea through the enlarged 
vestibular aqueduct and sac. Furthermore, 
it has been observed a positive relation-
ship between the size of the vestibular 
aqueduct and presence of progressive 

hearing loss. At young age, patients may 
have near-normal or normal hearing, but 
as hearing degeneration progresses they 
eventually benefit from hearing aids. 
Most patients progress to (or are born 
with) severe-to-profound hearing loss, 
and thus become candidates for cochlear 
implants. Given the normal-sized cochlea 
and the normal development of the basal 
part of the modiolus, any type of elec-
trode may be used. Due to the possible 
modiolar defects and the increased CSF 
pressure, either gusher, oozing, or pulsa-
tion is frequently observed intraopera-
tively. The cochlear nerve is always 
present, and therefore auditory brainstem 
implants are not indicated [37]. In com-
parison with patients with incomplete 
partition type I, patients with incomplete 
partition type II do have better functional 
hearing outcomes [60, 65], possibly due 
to the lesser architectural abnormalities in 
the cochlear neural structures [60].

	3.	 Incomplete partition type III (X-linked deaf-
ness): To date, there are no histopathologic 
analysis of specimens with this type of mal-
formation in the literature [20]. It is consid-
ered to be the least frequent form of inner ear 
malformation, accounting for 2% of all cases 
[30]. de Kok et al. [66] have mapped the gene 
responsible for the characteristic abnormali-
ties to the Xq21 region by linkage analysis, 
more specifically the POU3F4 gene, located 
at the Xql3-q22 interval. High-resolution 
computed tomography scans demonstrate that 

Fig. 2.7  A computed tomography scan of a female 
patient who had progressive bilateral mixed hearing loss, 
affecting the low frequencies. Figure in the left side: 

cochlea with cystic apex, Figure in the right side: Enlarged 
vestibular aqueduct
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the otic capsule around the cochlea is very 
thin, following the outline of the membranous 
labyrinth. The interscalar septum is present, 
but cochlear base and modiolus are com-
pletely absent. The lateral end of the internal 
auditory canal is dilated, bulbous, and directly 
connected to the vestibule and cochlea, while 
in other cases there is a very thin separation 
[52, 67]. Such connection between internal 
auditory canal and the basal turn of the 
cochlea may transmit pressure from the inter-
nal auditory canal to the perilymphatic spaces, 
increasing the risks of gusher during surgical 
procedures; however, spontaneous fistulae 
have never been reported [20, 30]. The ves-
tibular aqueduct is frequently abnormal, with 
varying degrees of dilatation [30, 68]. 
Cochlear nerve and cochlear nerve canal are 
normal. Stapes fixation is also frequent [52].

	 (a)	 Clinical implications: Most patients with 
incomplete partition type 3 have profound 
mixed or sensorineural hearing loss [30, 
52] and also impaired vestibular function, 
as demonstrated by caloric and head 
impulse testing [52]. There are three pos-
sible explanations for the conductive 
component in the hearing loss: (1) stapes 
fixation [52, 66, 69]; (2) increase in the 
perilymphatic pressure due to the com-
munication between cochlea and internal 
auditory canal and consequent pressure 
towards the footplate [70]; and (3) third-
window phenomenon [71]. Given the 
increased pressure in the perilymphatic 
compartments, it is not recommended to 
perform stapedectomy in those patients 
due to the possibility of gusher and diffi-
culties in placing the prosthesis [30, 69]. 
A loss in residual hearing secondary to 
this procedure could also be a potential 
complication [30, 69]. Thus, in patients 
with severe-to-profound hearing loss, a 
cochlear implant is indicated [49, 50]. 
Intraoperatively, the surgeon must be pre-
pared to profuse gusher, which occurs in 
virtually all cases, which should be fully 
controlled during the procedure [69]. The 
literature suggests several different tech-

niques to prevent continuous CSF leak: 
(1) using cochlear electrode with silicon 
or “cork type” stoppers to be placed in the 
site of cochleostomy [69]; (2) sealing 
around the cochleostomy site with tempo-
ralis muscle and fascia grafts [50]; (3) 
sealing cochleostomy site with muscle 
and fascia grafts followed by obliteration 
of the Eustachian tube and middle ear 
cleft [72]; and (4) subtotal petrosectomy 
and blind end closure of the external ear 
canal. In addition, considering the absence 
of the modiolus and separation from the 
cochlea and IAC, the electrode may be 
displaced into the internal auditory canal 
[69]. Therefore, ideally, the electrode to 
be selected should be short and have full 
rings or contact surfaces on both sides 
[69]. Pre-curved electrodes or other 
designs aimed to “hug” the cochlea should 
be avoided, due to increased risks of dis-
placement into the internal auditory canal 
and damage to the facial nerve [69]. 
Intraoperative imaging tests must be used 
to ensure correct electrode positioning 
[50, 69]. Postoperatively, the patients 
should be followed periodically due to the 
increased risks of meningitis or intracra-
nial infection [53].

2.4.2.7  �Enlarged Vestibular 
Aqueduct

The first large study published demonstrating 
enlargement of the vestibular aqueduct was pub-
lished by Valvassori and Clemis [73], in 1978. 
The authors demonstrated, using polytomogra-
phy, presence of dilatation (>1.5 mm) of the ves-
tibular aqueduct. It is known today that large 
vestibular aqueducts occur in combination with 
incomplete partition type II deformities [20]. 
However, in their series, Valvassori and Clemis 
found that the enlarged aqueduct was the only 
abnormal feature in 40% of their cases [73]. An 
enlarged vestibular aqueduct syndrome may lead 
to a variety of clinical presentations, from normal 
hearing to profound hearing loss [27, 65]. The 
hearing loss may be conductive at the beginning 
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(affecting preferentially the low frequencies, 
probably due to a third window effect) [29], but 
over time sensorineural hearing loss progresses, 
potentially leading to profound hearing loss [29]. 
It may occur in isolation, association with incom-
plete partition type II (more frequently) [20], or 
in association with Pendred syndrome [29]. 
Treatment of the hearing loss secondary to 
enlarged vestibular aqueducts should be per-
formed in accordance with the degree of hearing 
loss (hearing aids or cochlear implants) [65].

2.4.2.8	 �Cochlear Aperture 
Abnormalities

The bony cochlear nerve canal, which allows 
passage of the cochlear nerve from the IAC into 
the cochlea, may be hypoplastic/narrow 
(<1.4  mm) or aplastic (canal closed by bone) 
[30]. They may be followed or not by narrowing 
of the internal auditory canal [30]. If the internal 
auditory canal or the bony cochlear nerve canal 
are hypoplastic, it is necessary to perform 
T2-weighted magnetic resonance imaging in 
axial and sagittal oblique planes to evaluate 
whether cochlear nerve is normal, hypoplastic, or 
absent [37]. Patients with absent or hypoplastic 
bony cochlear nerve aperture may have severe-
to-profound hearing loss and may be treated with 
cochlear implants (cochlear nerve present) or 
auditory brainstem implants (absent cochlear 
nerve) [37].

2.5	 �Conclusions

Histopathologic studies of human temporal bones 
from donors who had malformations, in addition 
to improvements in the imaging tests, have 
brought new insights and developments in the 
current knowledge of inner ear malformations. 
However, there are still gaps to be filled regarding 
several anatomic and functional features associ-
ated with those abnormalities. Nonetheless, 
recently, information provided by those histo-
pathologic and imaging studies allowed clinical 
advances in the treatment of the hearing loss 
associated with several of those malformations. 
To ensure continuous improvement in the reha-

bilitation of those patients, future histopathologic 
and imaging studies may shed additional light in 
the hidden aspects of the inner ear 
malformations.
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