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Purpose of review

The aim is to review canal dehiscence involving the superior, lateral, and posterior

semicircular canals. The main focus will be on superior semicircular canal dehiscence.

Recent findings

Canal dehiscence involving the superior, lateral, and posterior semicircular canal can

have different etiologies, including developmental abnormality, congenital defect,

chronic otitis media with cholesteatoma, and high-riding jugular bulb. However, their

clinical presentation can be very similar, with patients complaining of vertigo, oscillopsia,

and sometimes hearing loss. Canal dehiscence causes an abnormal communication

between the inner ear and the surrounding structures. This creates a third mobile

window within the inner ear, disrupting its normal mechanics and causing symptoms.

Summary

Superior semicircular canal dehiscence is now a well-established entity in the medical

literature. Surgical repair is effective at relieving patients’ vestibular symptoms. Lateral

semicircular canal dehiscence is usually associated with chronic otitis media. Posterior

semicircular canal dehiscence is a rare entity, with similar clinical presentations and

treatment options as the other canal dehiscences.
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Introduction

Canal dehiscence causes an abnormal communication

between the inner ear and the surrounding structures.

Under normal circumstances, the inner ear is fluid-filled

and is encased by the dense otic capsule bone with two

mobile windows: the oval window and the round window.

Semicircular canal dehiscence results in a third mobile

window in the inner ear, which can lead to areas of

increased compliance with symptoms and signs that

can be understood based on the abnormal pressure trans-

mission in the system. Semicircular canal dehiscence

involving the superior, lateral, and posterior canals can

have different etiologies, but they may present similarly.

This review article will focus primarily on superior semi-

circular canal dehiscence, which is the most common

clinical presentation of semicircular canal dehiscence, but

lateral canal and posterior canal dehiscences will also

be discussed.
Superior semicircular canal dehiscence
syndrome
A syndrome of vertigo and oscillopsia was recently ident-

ified [1–4]. The etiology of this syndrome was localized
opyright © Lippincott Williams & Wilkins. Unauth
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to a dehiscence of the bone covering the superior semi-

circular canal. The abnormal communication between

the superior semicircular canal and the brain can result in

vertigo and oscillopsia induced by loud sounds (Tullio

phenomenon), by changes in pressure in the ear canal

that are transmitted to the middle ear (Hennebert sign),

or by Valsalva maneuvers [1,2,4]. Some patients with

superior semicircular canal dehiscence syndrome were

previously explored for possible perilymphatic fistula [2]

with no improvement of their symptoms postoperatively.

The key to the identification of this syndrome was the

analysis of the evoked eye movements in the sound- or

pressure-induced symptoms. These eye movements

evoked by the sound and pressure stimuli were noted

to align with the plane of the dehiscent superior semi-

circular canal, although larger dehiscences can result in

alignment of the evoked eye movements in other planes

[3]. Figure 1 shows an example of the evoked nystagmus

in a patient with bilateral superior canal dehiscence

syndrome when loud tones are presented to each ear

independently. The scleral search coil technique was

used to make three-dimensional recording of eye move-

ments (horizontal, vertical, and torsional components)

from both eyes but tones were presented to the right

ear (upper traces) or left ear (lower traces). Figure 2 shows
orized reproduction of this article is prohibited.
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Key points

� Dehiscence of the bone covering the semicircular

canals can cause vertigo and/or hearing loss.

� The evoked eye movements provide important

clues as to the location of the abnormality.

� Surgical repair of the bony dehiscence is effective at

alleviating patient symptoms.

Figure 1 Horizontal (H), vertical (V), and torsional (T) eye pos-

itions recorded with scleral search coils and plotted against time

for the left eye (thick traces) and right eye (thin traces) in a

patient with bilateral superior canal dehiscence syndrome

The thick black line (bottom) indicates the duration of a 3-kHz tone that
was presented at 110 dB hearing level in darkness to the right ear (top
traces) and to the left ear (bottom traces). The scale markers indicate a
58 eye rotation and a 5-s time interval. Positive direction for the horizontal,
vertical, and torsional axis is defined as left, down, and clockwise
(rotation of the superior pole of the patient’s eye toward his right side).
In response to a tone presented to the right ear, the patient developed
nystagmus with upward, counterclockwise slow phases, consistent with
excitation of the right superior semicircular canal. In response to a tone
presented to the left ear, the patient developed nystagmus with upward,
clockwise slow phases, consistent with excitation of the left superior
semicircular canal. The nystagmus was sustained for the duration of the
tone and was conjugate, without evidence of vertical (skew) disconju-
gacy. The median slow-phase nystagmus speed was 38/s. Reproduced
with permission from [3].
a projection of the axis about which the eye rotates during

each slow phase component onto a sphere. Also indicated

on the sphere is the axis of eye movements expected for

‘pure’ stimulation of either the left or the right superior

semicircular canals. Because the eye movements evoked

by stimulation of an individual semicircular canal align

with the plane of that canal [5], these findings provided

evidence that the superior canal was responsible for the

symptoms in these patients [6].

The symptoms and signs in superior semicircular canal

dehiscence syndrome can be understood from the effect

of the dehiscence in creation of a third mobile window

into the inner ear [1]. The direction of the evoked

nystagmus (either excitation or inhibition) can be pre-

dicted based upon the direction of endolymph flow

within the superior canal (either ampullofugal or ampul-

lopetal) in response to Valsalva maneuvers or pressure in

the ear canal. A Valsalva maneuver against pinched

nostrils (forcing air into the middle ear through the

Eustachian tube) results in inward displacement of

the stapes and ampullofugal (excitatory) motion of the

superior canal ampulla. Conversely, a Valsalva maneuver
opyright © Lippincott Williams & Wilkins. Unautho
against a closed glottis (taking a deep breath and bearing

down) results in increased intrathoracic pressure,

decreased jugular venous return, and increased intracra-

nial pressure. The membranous superior canal in the area

of the dehiscence is compressed by the increased intra-

cranial pressure and ampullopetal (inhibitory) motion of

the superior canal ampulla is induced. Positive pressure

in the external canal causes inward motion of the tym-

panic membrane and stapes footplate with ampullofugal

motion of the superior canal ampulla. Oppositely directed

motion is induced by negative pressure in the external

canal, resulting in ampullopetal motion of the superior

canal ampulla.

Confirmation of the bone dehiscence overlying the

superior canal in patients with the syndrome has been

obtained with high-resolution computed tomography

(CT) scans of the temporal bones [7]. Conventional

temporal bone CT scans are performed with 1.0-mm

collimation, and images are displayed in the axial and

coronal planes. These scans have a relatively low speci-

ficity (high number of false positives) in the identification

of superior canal dehiscence because of the effects of

partial volume averaging. The specificity and positive

predictive value of these scans is improved when 0.5-

mm-collimated multislice CT scans are performed with

reformation of the images in the plane of the superior

canal [7]. Figure 3 shows CT images with reformation in

the plane and orthogonal to the plane of each superior

semicircular canal in a patient with superior canal dehis-

cence syndrome. CT studies have also shown that the

thickness of bone overlying the intact superior canal in a

patient with unilateral dehiscence can be significantly

thinner than in patients without superior canal dehis-

cence [8]. This finding and observations from a review of

1000 histologically processed temporal bones sectioned

in a plane parallel to the petrous ridge [9], suggest an

underlying developmental or congenital abnormality that

leads to the development of the syndrome. The bone

overlying the superior canal continues to develop after

birth through 3 years of age. A premature arrest in the

development of this bone may be the cause or predis-

posing factor for superior canal dehiscence syndrome.

However, it should be emphasized that the bony defect

is a necessary but not sufficient condition to produce

the clinical syndrome. Pressure transmission through

the dehiscence must also be present, and this may be
rized reproduction of this article is prohibited.
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Figure 2 The axis of slow-phase eye velocity corresponding to

the data shown in Figure 1

The sphere represents the patient’s head, as viewed from the right side.
The positive direction of the horizontal axis (H) travels upward from the
top of the head, the torsional axis (T) straight ahead from the patient’s
nose, and the vertical axis (which is obscured by the sphere) from the
patient’s left ear. Positive rotation is defined as left (H), down (V), and
clockwise (T), or rotation of the superior pole of the patient’s eye toward
his right side. The anatomic axis of each of the right superior (RS), left
superior (LS), right lateral (RL), and left lateral (LL) semicircular canals is
shown. The posterior canal axes are obscured by the sphere. The box
around the axis of each superior canal indicates the region (�2 SD) from
the mean orientation of that axis. Each data point represents the mean
eye velocity axis for one slow phase of nystagmus after removal of
spontaneous nystagmus and rotation of the data to simulate Reid’s line
being earth-horizontal. Presentation of a tone to the right ear caused
nystagmus with an axis close to that of the right superior canal: left eye
(white asterisks), right eye (black squares). Presentation of a tone to the
left ear caused nystagmus with an axis close to that of the left superior
semicircular canal: left eye (white crosses), right eye (black circles). The
rotation axis of the left eye and right eye were close to each other. There
was considerable beat-to-beat variability in the axis of eye rotation in this
patient, largely because the nystagmus was of low velocity (slow phase
eye speed <58/s). The calculation of axis for each slow phase of
nystagmus is therefore subject to the effects of system noise and to
variation in the velocity of underlying spontaneous nystagmus. Repro-
duced with permission from [3].
governed by remaining thin bone or inelastic dura at the

floor of the middle fossa. This may explain why a con-

genital thinning or defect in the bone may not result in

symptoms and signs associated with this syndrome until

adulthood, which is the typical clinical finding. Patients

in whom a normal thickness of bone fails to develop may

not express the clinical syndrome until an abnormally

thin layer of bone is disrupted by trauma or is eroded over

time as a consequence of the pressure from the overlying

temporal lobe. When bone is absent altogether, signs and
opyright © Lippincott Williams & Wilkins. Unauth
symptoms may still not develop until the elasticity of the

dura is sufficient to transmit pressure between the middle

fossa and inner ear. This may occur with a sudden change

in intracranial pressure, as might occur with a vigorous

Valsalva maneuver or with a shear stress across the skull

base associated with a closed head injury. In our initial

experience, 59% of patients reported a history of one of

these inciting factors [2].

Vestibular-evoked myogenic potentials (VEMPs, cervical

and ocular) have been useful in assessing for the presence

of superior canal dehiscence syndrome [10–13]. In cer-

vical VEMPs, short-latency relaxation potentials evoked

by clicks or by tone bursts are recorded from surface

electromyographic electrodes placed on the skin over the

ipsilateral sternocleidomastoid muscle while that muscle

is tonically contracted [14,15]. Ocular VEMPs are excit-

atory responses recorded from surface electrodes directly

below the eye in response to the same stimuli. Previous

studies have shown that these responses arise from the

vestibular end organs (utricle and saccule), and not from

the cochlea [14,16,17,18�]. The threshold for eliciting the

VEMP response is lower in an ear affected with superior

canal dehiscence than in a normal ear [10–12,19]. This is

true for both air-conduction and bone-conduction stimuli

[13]. The mechanism for this is still under investigation

but is postulated to be the fact that the saccule lies

directly in the pathway between the stapes footplate

and the mobile third window (the dehiscence), causing

it to be more sensitive than usual to sound stimuli. The

abnormal VEMP threshold can be normalized by surgical

repair of the dehiscence [13] (Fig. 4).

Some patients with the vestibular symptoms and signs

indicative of superior canal dehiscence syndrome have also

been noted to have auditory manifestations of the disorder.

The Weber tuning fork test typically lateralizes to the

affected ear, and patients may also hear a tuning fork

placed on the lateral malleolus of the foot [5,10]. Bone

conduction thresholds on audiometry can be less than 0 dB

normal hearing level. Therefore, an air–bone gap can exist

even when air conduction thresholds are normal [12,20].

Autophony is a common complaint in patients with

superior canal dehiscence. Patients can also complain of

seemingly bizarre symptoms such as hearing their eye

movements or hearing their pulse. In a study examining

the otologic manifestations of superior canal dehiscence,

Zhou et al. [21] found that the signs and symptoms of

superior canal dehiscence can be very similar to other

otologic conditions, including patulous Eustachian tube.

The authors found that patients with patulous Eustachian

tube tend to experience autophony of their voice and

breathing with equal loudness whereas patients with

superior canal dehiscence tend to complain of autophony

of their voice and other facilitated bone-conducted

sounds but not breathing. Interestingly, the signs and
orized reproduction of this article is prohibited.



C

28 Neuro-ophthalmology and neuro-otology

Figure 3 Computed tomography images of a superior canal

Computed tomography images demonstrating a superior canal that is dehiscent (a and b) and one that is intact (c and d). The dehiscent superior canal
is from a 39-year-old man with superior canal dehiscence syndrome. The patient developed sound-induced vertigo and oscillopsia. Dehiscence of the
bone over the right superior semicircular canal was confirmed at surgery. (a) Multiplanar reformation in the plane of the superior semicircular canal
demonstrates dehiscence of bone (arrow) over the right superior canal. (b) Multiplanar reformation orthogonal to the plane of the superior semicircular
canal demonstrates dehiscence of bone (arrow) over the right superior canal. (c) Multiplanar reformation in the plane of the superior semicircular canal
in a normal temporal bone CT in shown for comparison. The bony covering of the superior canal (arrow) is intact. (d) Multiplanar reformation orthogonal
to the plane of the superior semicircular canal in a normal temporal bone CT. The bony covering of the superior canal (arrow) is intact.
symptoms of both conditions can improve with the patient

in the supine position.

Patients with superior canal dehiscence can present pre-

dominantly with auditory signs and symptoms [20,22]. In

a study on auditory manifestations of superior canal

dehiscence, four patients with dehiscence of bone over-

lying the superior canal were found to have air–bone gaps

in the affected ears that were greatest at lower frequen-

cies and averaged 24� 7 dB over the frequency range

250–4000 Hz [20]. Three of these patients had under-

gone stapedectomy before identification of superior canal

dehiscence. The air–bone gap was unchanged postopera-

tively. Each patient had an intact VEMP response from

the affected ear, a finding that would not have been

expected based upon a middle ear cause of conductive

hearing loss. One patient underwent resurfacing of the
opyright © Lippincott Williams & Wilkins. Unautho
superior canal through a middle fossa approach. Post-

operatively, his vestibular symptoms were relieved, and

his air conduction thresholds were improved by 20 dB.

Thus, patients with superior canal dehiscence can have

an apparent conductive hearing loss, because the third

window formed by the dehiscence causes a dissipation of

acoustic energy transmitted through air conduction

mechanisms [23]. The clinical manifestations of superior

canal dehiscence include vestibular signs and symptoms

in some patients, vestibular and auditory abnormalities in

others, and exclusively auditory findings in others. A

recent study found that patients with larger dehiscences

(�2.5 mm) presented predominantly with both vestibular

and auditory abnormalities, whereas patients with smaller

dehiscences present with either auditory or vestibular

dysfunction [24�]. The study also found that the location

of the dehiscence did not have any influence on the
rized reproduction of this article is prohibited.
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Figure 4 Thresholds for evoking cervical vestibular-evoked

myogenic potential and extraocular vestibular-evoked myo-

genic potential using 500-Hz air-conducted tones before and

after superior canal plugging in a subject with superior canal

dehiscence syndrome

Before canal plugging

oVEMPcVEMP

After canal plugging

500 Hz 6ms tone

120 dB

20 ms

120 dB

110 dB

100 dB

90 dB

80 dB

75 dB

115 dB

110 dB

105 dB

100μV 50μV

The traces consist of averaged unrectified sternocleidomastoid EMG on
the left and periocular surface recording on the right. The interrupted
vertical line represents stimulus onset. Before surgery, thresholds were
80 dB sound pressure level (SPL) (cervical vestibular-evoked myogenic
potential, cVEMP) and 75 dB SPL (ocular vestibular-evoked myogenic
potential, oVEMP). After plugging the dehiscent canal, they were 110 dB
SPL (cVEMP) and 115 dB SPL (oVEMP). Reproduced with permission
from [13].

Figure 5 Computed tomography of the right temporal bone in a pat

chronic otitis media

Arrows indicates defect in the labyrinthine bone surrounding the horizontal sem
from [29].
clinical manifestations in these patients. The dehiscence

size in this study was estimated using temporal bone CT

scans, which may not be as accurate as intra-operative

measurement of dehiscence size.

Patients who experience only mild effects of the symp-

toms and signs associated with superior canal dehiscence

may not require any specific treatment other than avoid-

ance of the stimuli that evoke these effects. Placement of

a tympanostomy tube may be beneficial in some patients

with principally pressure-induced symptoms. For

patients who are debilitated by symptoms associated with

the syndrome, surgical repair of the superior canal

through a middle cranial fossa approach can be effective

in alleviating or attenuating the vestibular signs and

symptoms [1,2,11,25]. It has been found that plugging

the canal dehiscence provided better outcomes than

resurfacing [26]. Surgical repair of SCD is effective at

alleviating both vestibular and auditory symptoms

[20,26,27]. More recently, a transmastoid approach for

superior canal plugging has been described [28]. The

advantages for this technique include the lack of craniot-

omy and temporal lobe retraction. However, this tech-

nique may not be feasible when the dura is low hanging or

when there is extensive cranial base dehiscence requiring

reconstruction. The transmastoid approach also does not

allow for visual confirmation of the dehiscence and con-

firmation that the plugs are placed proximal and distal to

the full extent of the dehiscence.
Lateral semicircular canal dehiscence caused
by chronic otitis media
Chronic otitis media can result in erosion of the dense otic

capsule bone surrounding the structures of the labyrinth,

leading to fistula formation. The most common site of

labyrinthine fistula in the setting of chronic otitis media is

the lateral semicircular canal [29]. Figure 5 shows CT
orized reproduction of this article is prohibited.
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icircular canal: (a) coronal CT; (b) axial CT. Reproduced with permission



C

30 Neuro-ophthalmology and neuro-otology

Figure 6 Computed tomography of the temporal bone demon-

strating a posterior semicircular canal dehiscence into the

jugular fossa in both axial and coronal views

The white arrow points to the area of the dehiscence. Reproduced with
permission from [35�].
images of the right temporal bone in a patient with an

erosion of the right lateral semicircular canal.

In a temporal bone histopathology study, Jang and Mer-

chant [30] found that labyrinthine fistula can be caused

by chronic otitis media with cholesteatoma, or chronic

granulomatous otitis media without cholesteatoma. The

proposed mechanisms for bony erosion were chronic

infection and inflammation leading to resorption osteitis

from osteoclastic activation and osteolysis resulting from

either direct pressure by cholesteatoma or by the pro-

duction of osteolytic compounds by the cholesteatoma

matrix. Hakuba et al. [29] reviewed 375 revision surgeries

performed for recurrent chronic otitis media during a 22-

year period at their clinic. Labyrinthine fistulae were

recognized at revision surgery in 29 ears. The previous

primary surgery in these cases had been intact canal wall

mastoidectomy in four patients and canal wall down

mastoidectomy in 25 patients. Overall, the incidence

of fistula was 2% in the revisions of previous intact canal

wall procedures and 13% in revisions of previous canal

wall down procedures. This is most likely due to the

extensive nature of the disease process in cases which

required canal wall down surgery. In those patients with

canal wall down procedures, all 25 patients experienced

vertigo, 13 experienced otorrhea, hearing loss was noted

in three, headache in one, and facial palsy in one.

Spontaneous nystagmus was noted in six cases: toward

the side of the involved ear in three cases and toward the

contralateral side in three. A fistula test conducted with a

Politzer bulb was positive in 14 ears and negative in five

ears. In the remaining six ears, pressure in the ear canal

induced a sensation of vertigo without accompanying

nystagmus.

The management of lateral canal fistula is controversial.

Some advocate complete removal of cholesteatoma

matrix and repair of canal fistula. Surgical repair can

be accomplished using conchal cartilage, bone paste

(bone dust mixed with fibrin glue), or temporalis fascia

after the inflammatory granulation tissue has been

removed.

Others advocate leaving a thin layer of cholesteatoma

matrix intact in order to prevent labyrinthine exposure

and potential deafness associated with it. In a review

article by Copeland and Buchman [31], they found that

studies that left the cholesteatoma matrix intact had a

hearing preservation rate of 83% postoperatively, similar

to the hearing preservation rate of 84% in studies that

removed the cholesteatoma matrix. More recently, Chen

et al. [32] described using canal occlusion technique to

treat lateral canal fistula after cholesteatoma has been

completely removed, in a manner similar to that used in

the transmastoid superior canal dehiscence repair. They

found that only two out of 22 patients in their study had
opyright © Lippincott Williams & Wilkins. Unautho
further hearing loss after surgical repair (5–15 dB

decrease in postoperative hearing), and the remaining

20 patients had stable or improved hearing after surgical

repair.
Posterior semicircular canal dehiscence
Posterior semicircular canal dehiscence is a rare clinical

entity (Fig. 6). It has been described in association with

high-riding jugular bulb [33] and fibrous dysplasia [34]. In

a case series of 12 patients with posterior semicircular

canal dehiscence, Gopen et al. [35�] found that these

patients can present with auditory as well as vestibular

complaints. All patients in this case series had hearing

loss, and two patients had suprathreshold bone conduc-

tion. VEMP testing showed decreased threshold in all

patients. One of the patients presented with conductive

hearing loss and underwent an unsuccessful stapedect-

omy procedure. It is interesting that two patients in this

series had evidence of superior canal dehiscence as well,

indicating that there may be an underlying abnormality in

bone development which could account for canal dehis-

cence in general.
rized reproduction of this article is prohibited.
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Conclusion
Dehiscence of the bone covering the semicircular canals

can be caused by various pathologic processes, including

trauma, infection, cholesteatoma, and congenital devel-

opmental abnormalities. This results in a disruption of

the normal mechanics of the inner ear, which leads to

vertigo and/or hearing loss. Patients may experience

Tullio phenomenon (eye movements and vertigo evoked

by loud noises) as well as Hennebert sign (eye move-

ments and vertigo induced by pressure in the external

auditory canal). The direction of these evoked eye move-

ments provides important insight as to the location of the

abnormality. High-resolution CT scans can be beneficial

in evaluation of the underlying abnormality. Surgical

repair of the dehiscent canal is effective at alleviating

patient symptoms.
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