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Case Report

CT and MR Findings of Michel Anomaly:
Inner Ear Aplasia

Kathlyn Marsot-Dupuch, Alessandro Dominguez-Brito, Karim Ghasli, and Claude-Henri Chouard

Summary: In 1863, Michel described a condition charac-
terized by a total absence of differentiated inner ear struc-
tures associated with other skull base anomalies, including
an abnormal course of the facial nerve and jugular veins.
Michel aplasia clearly differs from Michel dysplasia, in
which arrest of embryologic development occurs later. Re-
cently, the role of otic capsule formation on mesenchymal
differentiation was reported as well as the impact of the
genetic deletion of the homeobox gene on the development
of the ear, cranial nerves, and hindbrain. We report two
patients with a total absence of inner ear structures bilat-
erally, illustrating the characteristic appearance of Michel
aplasia and associated skull base anomalies.

Michel aplasia is a rare condition, first described
by P. Michel in 1863 in the autopsy report of an
11-year-old deaf and mute boy who died in the
children’s hospital of Strasbourg (1). It is defined
by a bilateral absence of differentiated inner ear
structures (1), and persons who have this deformity
have anacusis. However, a case of unilateral Mich-
el-type aplasia has recently been reported (2). The
inner ear aplasia is due to a failure of development
of the otic placode (ectoderm) (3, 4), which occurs
before the third week of gestation (5). The failure
of development of the placode may induce an
anomaly in the development of the skeletal portion
of the second arch (endoderm) with nondifferentia-
tion of the stapes and an abnormal course of the
facial nerve (1, 4). Other skull base anomalies that
are encountered include hypoplasia of the petrous
bone, platybasia, and an aberrant course of the
jugular veins (1).

We describe the CT and MR imaging features of
bilateral Michel aplasia in two siblings.

Case Reports
Case 1

A psychologically normal 9-year-old girl with profound bi-
lateral congenital sensorineural hearing loss was referred to the
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E.N.T. department for auditory rehabilitation by cochlear im-
plantation. An audiogram demonstrated profound hearing loss
with some residual auditory perception on low frequencies (eg,
125–1000 Hz). No facial or external ear malformations were
found. An external hearing aid and early education enabled
satisfactory oral communication. Speech development and
scholastic achievement were satisfactory. CT scans showed
platybasia and bilateral absence of the inner ear structures, as-
sociated with bilateral aplasia of the petrous apex, and non-
development of the internal acoustic meatus (IAM). On each
side, the medial wall of the middle ear was flat and the stapes
was absent. The course of the facial nerve canal was abnormal
and the geniculate ganglion and the second portion of the facial
nerve were absent; the facial nerve was displaced inferopos-
teriorly, entering through a small foramen below the level of
the long process of the incus (Fig 1). T1- and T2-weighted
MR images showed platybasia of the skull and a bilateral pet-
rous apex hypoplasia. Except for an abnormally high tentorium
position and anteromedial displacement of the cerebellar hemi-
spheres around the pons and the medulla, no other brain anom-
alies were found. Thin, high-resolution T2-weighted MR im-
ages of the cerebellopontine angle confirmed the bilateral
absence of the cochleovestibular nerve and showed only a thin
linear structure, hypointense on T2-weighted images, which
crossed through the mastoid bone and was attributed to the
cisternal course of the facial nerve.

Case 2

A 16-year-old boy (a brother of the patient described in case
1) was referred on the same day with the same signs and symp-
toms as his sister. CT scans similarly showed bilateral inner
ear aplasia associated with absence of the stapes. Both petrous
apices were hypoplastic and both IAMs were absent. More-
over, on the left side, the course of the internal carotid artery
was aberrant, bulging into the middle ear and associated with
a persistent stapedial artery. Concomitantly, a well-circum-
scribed left-sided petrous bone defect communicated via a lat-
eral dehiscence with the horizontal portion of the intrapetrous
internal carotid artery. This bony defect was of low signal in-
tensity on T1- and T2-weighted MR images and had high sig-
nal intensity on gradient-echo T2-weighted images. These
anomalies were related to a carotid fenestration resulting in
two vascular pathways: a persistent stapedial artery and an
aberrant course of the internal carotid artery (Fig 2), uniting
at the horizontal segment. Furthermore, MR images showed
anomalies of the cervicooccipital junction. The foramen mag-
num was unusually large. The posterior fossa was small, with
low-lying transverse sinuses and a small jugular foramen. The
cerebellar hemispheres extended anteromedially around the
pons and the medulla and there was bilateral cerebellar tonsil-
lar herniation and platybasia. During a palatine tonsillectomy
performed under general anesthesia, a concomitant right mid-
dle ear exploration confirmed the absence of the round and
oval windows and of the stapes. The incus and malleus were
normal.
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FIG 1. Case 1: 9-year-old girl with pro-
found bilateral congenital sensorineural
hearing loss.

A, Axial CT scan shows right petrous
bone aplasia with absence of inner ear
structures. The medial wall of the middle
ear is flattened (arrow), being in close con-
tact with the infratentorial nervous struc-
tures. Note normal differentiation of the
malleus.

B, Coronal CT scan shows a normally
developed external and middle right ear.
The long process of the incus (arrow)
leans against the medial middle ear wall.
The oval window, the stapes, and the sec-
ond portion of the facial nerve are absent.
A small dehiscence of the medial wall of
the middle ear (arrowhead), located at the
IAM, probably corresponds to the entrance
of the facial nerve.

FIG 2. Case 2: 16-year-old boy, brother of
girl in case 1, also with profound bilateral
congenital sensorineural hearing loss.

A, Axial CT scan shows an aberrant
course of the left internal carotid artery,
which bulges into the middle ear (white ar-
row). Dehiscence of the lateral wall of the
petrous bone adjacent to the horizontal ca-
rotid artery is present (black arrow). A small
lateral tract corresponds to a persistent sta-
pediohyoid artery (white arrowhead). The fa-
cial nerve passes behind the internal carotid
artery (black arrowheads).

B, Coronal CT scan shows enlargement of
inferior tympanic canaliculus (arrowhead).
Arrow indicates jugular foramen.

Discussion
Inner ear anomalies responsible for congenital

sensorineural hearing loss were classified by Schu-
knecht, according to their frequencies, into Mon-
dini, Scheibe, Michel, and Alexander forms (6).
These anomalies are rare and result from a com-
plete or partial failure of development of the inner
ear structures during the first weeks of embryonic
life (7, 8). Two different congenital anomalies, such
as Mondini and Michel, may affect each ear of the
same individual. Other congenital anomalies, such
as congenital preauricular and cervical fistulas and
renal anomalies (branchio-oto-renal syndrome)
may be associated with inner ear anomalies (9, 10).
Factors predisposing to these anomalies include ex-
posure to thalidomide (11, 12), congenital cyto-
megalovirus infection (13), and genetic disorders
(14). Some cases of Michel aplasia have been re-
ported in association with tracheoesophageal (10),
cardiac (11, 12), or extremity (7, 10, 15)
malformations and with facial palsy (12).

Development of the inner ear structures and of
the stapes occurs during the first 18 to 28 days of
embryonic life (2.5–5 mm). Derived from ecto-
derm, the otic placode appears dorsal to the second
branchial arch during the third week. Each placode
invaginates and becomes an otic pit, the mouth of

which closes to form a rounded auditory vesicle.
At the periphery, the mesenchyma is converted into
the cartilaginous otic capsule, which ossifies, form-
ing the bony labyrinth. Failure of development of
the otic placode prior to this crucial stage results
in complete membranous and osseous labyrinthine
aplasia, namely Michel aplasia (3). Thus, Michel
aplasia differs from Michel dysplasia in that de-
velopmental arrest occurs in the latter, which ex-
plains some development of the semicircular canal
and vestibule (6, 7). Developmental failure of the
inner ear occurring between the 21st and 47th days
of embryologic life (so-called pre-Mondini labyrin-
thine anomalies) results in less severe inner ear
anomalies, such as amorphotic labyrinthine sac and
‘‘common cavity’’ deformity. These anomalies are
known for their potential risk of fistulous commu-
nication with the subarachnoid space (6, 7, 16, 17).
Recently, Jackler et al (5) described a classification
of congenital inner ear malformations based on
their radiologic appearance in concordance with the
failure of anatomic development and the presence
or absence of inner ear structures.

In keeping with Michel’s description (1), our two
patients with bilateral inner ear aplasia had asso-
ciated anomalies of the promontory, the stapes, and
the cochleovestibular and facial nerves.
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Absence of the round and oval windows is as-
sociated with inner ear aplasia, indicating failure of
otic differentiation (6, 7). Experimental studies
with hybrid mice have shown the role of the oto-
cyst as an inductor of chondrogenesis in the mes-
enchyma and in the formation of the otic capsule
(18). The concomitant absence of the stapes may
be attributed to the lack of formation of the oval
window (7), as the theory of dual origin of the
stapes suggests.

According to Michel’s autopsy findings (1), the
cochleovestibular nerve is absent, probably as a re-
sult of absence of the otocyst, which arrests for-
mation of the acoustic ganglion and nerves (16).
The facial nerve, which is normally developed, fol-
lows an abnormal course; therefore, the IAM is ei-
ther absent or very small if it carries the facial
nerve. The facial nerve may penetrate directly into
the temporal bone, passing through the mastoid
bone into the stylomastoid foramen (case 2) or into
the middle ear through a small IAM or a single
foramen (case 1). In all cases, neither the labyrin-
thine or tympanic portions of the facial nerve nor
the greater petrosal nerve recess or pyramidal em-
inence are developed. Thus, the absence of the otic
capsule is associated with developmental anomalies
of the second branchial arch. However, normal
function of the seventh nerve indicates that devel-
opment of the facial nerve is independent of
development of the inner ear.

Michel aplasia may also be associated with skull
base and vascular anomalies: platybasia, an abnor-
mal course of the transverse sinus and jugular
veins, and craniocervical junction anomalies (1).
Furthermore, we hypothesize that arterial develop-
mental anomalies (eg, aberrant carotid artery, per-
sistent stapedial artery, or carotid artery fenestra-
tion) (19) may also be encountered. In our patients,
the persistent stapedial artery ended at the mastoid
portion of the facial nerve, as the geniculate
ganglion was missing.

Because mesenchymal differentiation of petrous
bone formation occurs at the same time as inner
ear formation, hypoplasia or aplasia of the petrous
apex may occur. The role of the otocyst in mes-
enchyma differentiation and in otic formation is
known (18). Recently, an experimental study on
targeted disruption of the mouse homeobox gene
Hox-1.6 showed the genetic interaction on CNS de-
velopment with associated defects in the formation
of the inner ear and the cochlear and vestibular
nerve, and with distortion of the pons (20). These
anomalies partly demonstrated the relationship be-
tween the gene Hox-1.6 and rhombomeres 4
through 7, which are associated with neural migra-
tion into the second branchial arch. Surprisingly,
the cochleovestibular nuclei were present in the ge-
netically experimentally induced inner ear aplasia
of mice (18).

In the hypoplastic petrous apex, areas of sclerotic
bone can be observed in the temporal bone, and
Michel aplasia may mimic labyrinthitis ossificans

(17, 21). Flattening of the medial middle ear wall
due to absence of development of the oval and
round windows is the most characteristic diagnostic
feature of Michel aplasia (6, 21).

Michel aplasia and associated findings differ
from other severe inner ear dysplasia, sometimes
described as Michel dysplasia (6, 22) or the so-
called pre-Mondini syndromes. Michel aplasia con-
trasts with inner ear abnormalities in that it occurs
later in embryologic development, when commu-
nication between the subarachnoid spaces and the
inner ear leads to secondary CSF or perilymphatic
fistula (17). Despite the close association between
the middle ear and the subarachnoid spaces, Michel
aplasia is not associated with a higher risk for men-
ingitis, as no communication between the middle
ear and the subarachnoid spaces exists.

The identification of Michel aplasia is of para-
mount importance in patients being assessed for
possible cochlear implant surgery. Contrary to oth-
er congenital malformations, such as the Mondini
and so-called pre-Mondini anomalies, which may
profit from cochlear implants, in Michel aplasia the
absence of the inner ear rules out the possibility of
any cochlear implantation. The findings in our two
patients clearly establish the need for imaging stud-
ies before electrical stimulation of the round win-
dow so that the risk of unnecessary general
anesthesia can be avoided.

Surprisingly, our two patients had some auditory
rehabilitation with an external ear device. The ben-
efit of vibrotactile devices in Michel aplasia was
previously reported by Brookhouser (23). We hy-
pothesize that external sound may be directly trans-
mitted to the brain stem by the facial nerve or by
bone conduction. Moreover, our report suggests
that despite the inner ear and cochlear nerve apla-
sia, the cochlear nuclei may be functional, as
previous experimental work has reported (18).

Conclusion
Michel aplasia is a rare congenital inner ear

anomaly defined by the absence of inner ear struc-
tures. Associated skull base anomalies should be
identified, as they can lead to potential complica-
tions, especially if a surgical procedure of the mid-
dle ear is considered. Finally, the occurrence of bi-
lateral inner ear aplasia in two siblings suggests a
genetic origin due to new mutations, inherited as
an autosomal dominant trait (23).
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