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Abstract Narrow duplicated internal auditory canal
(IAC) is a rare malformation of the temporal bone that
is associated with ipsilateral congenital sensorineural
hearing loss. This may be an isolated finding or a part of
a syndrome. Radiological examination should demon-
strate aplasia or hypoplasia of the neural components of
the narrow IAC, to guide the surgical approach. We
report a 7-year-old boy with Klippel-Feil syndrome with
a narrow double IAC with no sensorineural hearing loss
but with conductive hearing loss. In this patient, the IAC
consisted of two separate narrow bony canals clearly
seen on 3D temporal bone CT and one nerve that was
delineated on MRI. The contralateral external auditory
canal was stenotic and the ossicles were dysplastic.
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Introduction

Internal auditory canal (IAC) anomalies, including
atresia, stenosis, aplasia and hypoplasia, are all
uncommon; only 20% of the patients with congenital
sensorineural hearing loss (SNHL) have inner ear
abnormalities visible on CT. Anomalies are usually
unilateral and are associated with other inner ear, mid-
dle or external ear anomalies [1–3]. A narrow IAC is
defined as an IAC with a diameter of 1–2 mm on
high-resolution CT (HRCT) [4, 5]. This anomaly is be-
lieved to be the result of aplasia or hypoplasia of the

vestibulocochlear nerve [1, 2, 4]. A narrow duplicated
IAC is very rare with only four cases in the literature [4].
We present a case of unilateral narrow duplicated IAC
and contralateral narrow external auditory canal (EAC).

Case report

A 7-year-old boy with Klippel-Feil syndrome presented
with deterioration of hearing. He had been fitted with a
bone conduction hearing aid in another institution
because of bilateral hearing loss at the age of 3 years.
Physical examination revealed the scar of a cleft lip and
palate operation that had been performed at the age of
1 year. Type I microtia with a slightly stenotic external
ear canal on the right and type II microtia with a
severely stenotic external ear canal impeding visualiza-
tion of the tympanic membrane on the left side were
confirmed. The remainder of the head and neck exami-
nation was normal except for a short neck and low
posterior hairline. The patient did not have a facial
palsy. Speech and language development were minimally
retarded. His mother denied any symptom that would
suggest vestibular impairment.

After complete audiological examination that
revealed bilateral asymmetrical severe conductive hear-
ing loss, high resolution axial, coronal, reformatted
sagittal and 3D CT images of the temporal bones were
obtained. For further evaluation of the seventh and
eighth cranial nerves, MRI was performed using a 1.5-T
MRI system. The temporal bone imaging protocol in-
cluded T2-weighted spin-echo axial (TR/TE 2200/20;
4 mm slice thickness), T1-weighted spin-echo coronal
(TR/TE 635/15; 3 mm slice thickness), 3D balanced fast
field echo (B-FFE) axial (TR/TE 8/4; flip angle 50�;
0.6 mm slice thickness; matrix 192·256; 150 mm field of
view; signal averaging 3) sequences. Sagittal, parasagit-
tal and coronal reformatted images were obtained.

On temporal bone CT there were two narrow bony
canals in the inner ear portion of the right temporal
bone. Measured diameters of these bony canals were less
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than 1 mm. Three-dimensional reformatted CT images
clearly delineated the two canals (Fig. 1). The cochlea,
vestibule and semicircular canals were interpreted as
normal. The facial nerve canal was intact along its
course in the middle ear. The middle and external ear
structures demonstrated no other abnormality. On the
left side the EAC was stenotic (Fig. 2). The ossicles in
the middle ear were dysplastic. The other middle and
internal ear components of the temporal bone appeared
normal. Axial and reformatted coronal images demon-
strated normal cranial nerves in the left IAC and normal
membranous labyrinth structures. On the right there was
a single thin cranial nerve identified as the facial nerve
on multiplanar reformatted images (Fig. 3). The right
membranous labyrinth was unremarkable on MRI. The
child was fitted with a new bone conduction hearing aid
and he has continued to benefit from conventional
hearing amplification.

Discussion

A narrow IAC is a rare malformation of the temporal
bone which is frequently associated with various sys-
temic developmental anomalies including cardiac, renal,

skeletal and intestinal malformations [4]. IAC anomalies
can also be components of some syndromes—Michel,
Mondini, Bing-Sieberman, Scheibe and Klippel-Feil.
Congenital IAC stenosis should be considered after
certain predisposing conditions (exostosis, Paget disease
and trauma) have been excluded. The association of
IAC stenosis or atresia and congenital SNHL is unclear.
Some patients with unilateral IAC stenosis may have
normal hearing bilaterally while others may suffer
hearing loss in the ear without stenosis [5]. In addition,
the diameter of the IAC varies greatly among healthy
individuals.

Development of the inner ear begins at 22 days of
gestation as a thickening of the otic placode that later
forms the otocyst from which the audiovestibular
structures originate. The fibres of the eighth nerve grow
and come in contact with the otocyst on day 37. During
the eighth week of gestation, the seventh and eighth
nerves become involved in the mesoderm which forms
the bony canal by chondrification and ossification [5].

One hypothesis suggests that the primary defect is
bony stenosis and this causes aplasia or hypoplasia of
the eighth nerve, but the usually normal appearance of
the facial nerve is in contradiction to this hypothesis.
Interestingly, in most cases with stenotic IAC, facial

Fig. 1 Right temporal bone contiguous axial HRCT (a, b) and 3D lateral view (c) images show narrow duplicated IAC (arrows)

1221



nerve function is preserved. According to the other
widely accepted hypothesis, the embryonic cochlea and
vestibule induces the growth of the eighth nerve and the
bony canal develops around the nerve together with the
seventh nerve by chondrification and ossification of
mesoderm in the eighth week of gestation. When the
eighth nerve is aplastic or hypoplastic the IAC fails to
develop [1].

CT has a high sensitivity when evaluating the bony
structures of the IAC and temporal bone. The vertical
diameter of the IAC varies between 4 and 8 mm; less than
2 mm is considered stenotic [6]. A stenotic IAC does not
contain a nerve but a hypoplastic IAC may contain a
vestibulocochlear nerve with abnormal nerve function [2].
A normal sized IAC does not imply normal vestibuloco-
chlear nerve development. CT has a limited role in
assessing the neural elements in the bony canal. As
imaging capabilities improve it is now possible to confirm
the presence or absence of neural structures by MRI,
which provides more detailed information about the IAC
and its soft tissue contents [7].

Table 1 summarizes previously reported narrow
duplicated IAC anomalies. The first was reported in
1997 by Casselman et al. [7] who described a unilateral
duplicated narrow IAC with a superior portion con-
taining normal facial nerve and an empty inferior por-
tion. There was no labyrinthine abnormality. The
second was reported by Vilain et al. [8] in 1999. They
described an empty unilateral narrow IAC and an
anterior superior second canal where the facial and
vestibulocochlear nerves were present. The third was
reported by Cho et al. [2] in 2000, and was similar to the
first case. In 2003 Ferreira et al. [4] reported a narrow
duplicated IAC containing only the facial nerve. This
patient also had a bilateral abnormally enlarged vesti-
bule and a lateral semicircular canal and a dysplastic
cochlea.

In our patient there were two highly stenotic bony
canals in the right temporal bone and no vestibular or
cochlear abnormality, similar to the patients reported by
Casselman et al. [7] and Cho et al. [2]. Three-dimen-
sional verification of the bony canals was made using 3D

Fig. 2 Left temporal bone; axial (a) and coronal (b) HRCT with 3D lateral view (c) images show normal-sized left IAC (arrow). The left
EAC is narrow and obstructed with soft tissue. The space between the left ossicles and the tympanic bony wall is also very narrow
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CT images. On B-FFE MRI only one nerve was iden-
tified through the narrow canals in the subarachnoid
space. Assessment of the normal cochlear nerve is nec-
essary when making a decision for implantation surgery

[9]. Patients who do not have cochlear nerves cannot
respond to the electric stimulation of cochlear implan-
tation [3, 10]. Although audiological examination of our
patient did not reveal SNHL, but conductive type of
hearing loss, the right cochlear nerve was not seen on
MRI. This may have been related to the smaller size of
the cochlear nerve on the right side. Although the ves-
tibulocochlear nerve and IAC were seen to be normal on
the left side, the left EAC was stenotic and the ossicles
were dysplastic. As a result of these bilateral temporal
bone abnormalities the patient continued to benefit from
conventional hearing amplification.

In conclusion, congenital deafness has many different
aetiologies. A narrow duplicated IAC is an unusual
finding, which has to be examined radiologically to
demonstrate the neural components of the IAC in case
of congenital hearing loss. Only after detailed radio-
logical examination, including high resolution axial,
reformatted coronal, sagittal 3D reconstructed CT and
MRI imaging for the vestibulocochlear nerves, can the
appropriate treatment be planned.
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Table 1 Summary of previous cases of narrow duplicated IAC
anomalies

Reference Bilateral temporal
bone abnormality

Facial
nerve

Vestibulo-
cochlear
nerve

Cochlea/vestibule/
semicircular canal
abnormality

7 � + � �
8 � + + �
2 � + � �
4 � + � +
Present
case

+ + ? �

Fig. 3 Contiguous coronal 3D B-FFE MR images demonstrate
normal left seventh/eighth cranial nerve complex (black arrows on
left). The IAC is seen on the right side (white arrow). There is only
one nerve seen through the right IAC (small black arrows)
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