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Abstract.  Superior canal dehiscence syndrome, or Minor’s syndrome, is a 

recently described disease that results from the absence of bone over the 

superior semicircular canal which results in the communication between the 

perilymphatic space of the canal and the intra-cranial space. It is 

characterized by a wide range of symptoms involving imbalance, hearing 

loss or both.  Symptoms may include strange perceptions such as being able 

to hear one’s eyes moving, and dizziness on exposure to loud sounds. 

Because of this, patients may undergo multiple investigations, inappropriate 

treatments including psychiatric interventions, or even inappropriate surgical 

interventions. Superior canal dehiscence syndrome is not a rare disease, thus 

is relatively easy to diagnose. Current treatment approaches include 

reassurance, and in a few patients, surgical intervention. Its diagnosis 

requires a high index of suspicion, since it is a new syndrome and many 

family doctors, neurologists and even otolaryngologists are not aware of its 

existence.  Its diagnosis can be challenging, since it can be easily confused 

with other conditions. Its symptoms mimic many other better known 

conditions.  The literature has been reviewed to characterize this syndrome’s 

presentations, investigations and treatments.  Hopefully this will increase the 

awareness of the medical community about this complex and interesting 

disease. 

Keywords: Superior semicircular canal, Dehiscence and Ear. 

_________________________________ 

Correspondence & reprint request to:   Dr. Abdulrahman Hagr 

P.O. Box 245, Riyadh 11411, Saudi Arabia 

Accepted for publication:  20 March 2010.  Received:  17 January 2010. 



A.A. Hagr 58 

Introduction 

Balance is a complex function which receives input from three major 

organs, the vestibular system of the inner ear, the eyes and peripheral 

proprioception.  The brain centers analyze and monitor these inputs as 

well as control the output of balance programs on the body posture, 

movement and vision.  One of the movements detected by the inner ear is 

angular acceleration (i.e., turning movements), sensed by the 

semicircular canals.  There are six semicircular canals, three on each 

side, and all three semicircular canals are arranged in orthogonal planes 

in each ear. Therefore, they are well placed to detect angular acceleration 

in any plane of head movements.  

Superior canal dehiscence syndrome (SCD) is a recently described 

disease that results from the absence of bone over the superior 

semicircular canal, and is characterized by a wide range of vestibular and 

auditory presentations, or a combination of both.  It was first reported by 

Minor in 1998
[1]

.  Since then, this abnormality has been detected and 

described in several additional reports.  The common symptoms of this 

disease include Tulio's phenomenon or Hennebert's sign (nystagmus 

induced by loud noises or by pressure in the auditory canal, respectively).  

Nystagmus aligned with the plane of the SCC can also be elicited by 

straining or Valsalva maneuver.  The variability of presenting symptoms 

of SCD makes it difficult for clinicians to recognize without a high index 

of suspicion, since some patients present with predominantly auditory 

symptoms, others with predominantly vestibular symptoms, and there is 

variable severity.  This is why many patients have received wrong 

diagnoses such as Meniere’s disease, perilymph fistula, migraine, 

otosclerosis and patulous Eustachian tube. Some have undergone 

negative middle ear exploration, whereas in some, stapedectomy, 

perilymphatic fistula repair or tympanoplasty I has been mistakenly 

performed without any benefit
[2-4]

.  Moreover, because of somewhat 

“bizarre” associated symptoms, such as ability to hear one’s footsteps 

and eye movements, some patients end up in psychiatry clinics.  

However, with a careful taken history, physical examination and CT scan 

work-up as well as a high degree of suspicion, SCD can be easily 

differentiated from other inner ear disorders
[5]

. 

This new entity is not rare; Carey et al.
[6]

 found up to 0.7% of 

individuals may have absence of the bone over the superior semicircular 
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canal on the basis of temporal bone survey.  Some authors have 

hypothesized a congenital malformation of the skull base as the 

underlying cause for this disease
[6-7]

.  In medical treatment, often used 

vestibular pharmacotherapy (e.g., betahistine hydrochloride, vestibular 

suppressants and antihistamines) has been rarely prescribed since there 

was no pathophysiological rationale for these agents to be effective.  In 

more extreme circumstances, patients with intractable symptoms may 

require or seek surgical treatment.  The aim of the present paper is to 

review the current state of knowledge about SCD and to provide an 

overview of the subject. 

Methods 

Materials, Methods and Results 

An extensive search of the literature was performed in Medline and 

other available database sources, using the keywords “Superior”, “canal”, 

“dehiscence”, “syndrome”, “dizziness”, and “imbalance”.  The keyword 

“superior canal dehiscence” was considered primary and was either used 

individually, or combined with each of the other keywords.  The PubMed 

database was our major search tool, which was evaluated from 1966 to 

June 2009 to identify publications on SCD as well as information from 

electronic links. In addition, related books were reviewed, and reference 

lists from the retrieved articles were manually searched.   

Study selection included all types of article (Meta analysis, 

prospective, retrospective, reviews, case-reports, etc…).  Those studies 

which exclusively included patients with dehiscence of the posterior or 

horizontal canal were excluded.  Literature reviews of pooled data were 

performed.  The PubMed search yielded 170 publications since March 

1998 until March of 2009.  The heterogeneous nature of the disease was 

reflected in the non-homogeneous studies. This made it difficult to 

summarize the results, and severely limits pooled statistical analysis, 

hence this was not presented. 

Discussion 

The exact incidence of symptomatic superior semicircular canal 

dehiscence is unknown. However, some temporal bones dissection 

studies have proposed a prevalence of 0.5%
[6,8]

.  It seems there was a 

male and left-side
 
predominance

[3,4,9,10]
.  
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Etiology 

The etiology of SCD is not well known.  The origin of SCD could be 

either developmental
[6,7,11,12]

 or congenital
[13-16]

, although, a genetic 

substrate has been proposed in some cases
[4,17,18]

.  In 2000, Carey et al.
[6]

 

proposed that SCD was a failure of adequate bone formation over the 

superior canal after they demonstrated uniformly thin bone over the SSC 

with progressive thickening until 3 years of age.  Thus, SCD may be the 

result of progressive thinning of an inadequately formed bone due to 

erosion from intracranial cerebrospinal fluid pressure or the brain mass. 

The progenitor phase could be present in childhood and manifest 

clinically later in adulthood.  This proposal has been accepted by many 

authors.  Moreover, SCD has been reported in children
[19,20]

.   

Interestingly, Friedland and Michel
[21]

 reported two patients with 

failure of SCD resurfacing because of bone resorption. They 

demonstrated significantly reduced values of the cross-sectional area of 

the middle fossa craniotomy in these two SCD patients as compared with 

normal controls using high resolution CT scans.  They suggested that 

there may be factors beyond the anatomy of the petrous pyramid which 

contribute to the development of a dehiscence.  However, supporting the 

developmental theory is the fact that the superior canal is the first canal 

to develop and to become ossified, followed by the posterior and then the 

horizontal canal
[22,23]

.  Therefore, an ossification arrest in the semicircular 

canals does not fully explain the manifestations of dehiscence 

preferentially in the SSC, since the posterior and horizontal canals should 

be more severely affected by ossification arrest due to their later 

development. 

Pathophysiology 

Head rotation causes relative movement of the endolymph in the 

semicircular canal which bends the cupula; the embedded hairs of the 

hair cells; and causes stimulation of the relevant vestibular nerve.  The 

main sense organ in each canal is locate in the ambulated end of the 

canal, and is called the crista.  This contains neural sensors which are 

stimulated by mechanical movements of the cupula.  Normal stimuli for 

copular movement are rotational acceleration of the head in the plane of 

the canal. 
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The mechanisms causing both the auditory and vestibular features of 

this disease are still under discussion.  However, the mobile “third 

window” theory is the most accepted explanation.  In this concept, the 

existence of a dehiscence at the apical turn of the SSC (in addition to the 

normally present oval and round windows of the inner ear) leads to 

transmission of the pressure changes in the intracranial cavity or middle 

ear to the inner ear, and vice versa.  This leads to altered neural firing 

rates in the vestibular system, and may also alter inner ear fluid dynamics 

causing dissipation of acoustic energy
[3,21]

. 

To explain the auditory or acoustic induced symptoms, essentially, 

stapes movements normally would cause pressure in the scala tympani. 

This would be transmitted across the basilar membrane to be relieved at 

the round window membrane.  With the third window in the SCD 

connected to the scala vestibuli, stapes movement induced perilymph 

pressure was instead channeled through this low impedance pathway. 

This results in pressure release through the third window, with less 

energy expended in moving the basilar membrane.  This fluid flow also 

results in the movement of the SCC cupula, and in an inappropriate 

stimulation of the rotation sensing vestibular structure (the SCC) by this 

acoustic energy. Therefore, the third mobile window shunting of acoustic 

energy to the SCC results in the vertical–torsional eye movement that 

aligned with the plane of the affected canal, Ewald’s first law
[24]

.  In 

addition, Valsalva against pinched nostrils (forcing air into the middle ear 

through the Eustachian tube) and positive pressure changes in the EAC 

(which causes ampullofugal deflection (excitatory) of the cupula) 

increases the discharge rates of the vestibular nerve.  The normal 

vestibule-ocular reflex mediated eye movements will be vertical–

torsional, with nystagmus slow-phase components directed upward and 

torsioning away from the affected ear
[2,14,24]

.  The converse was observed 

in cases of negative pressure changes in the EAC, such as Valsalva 

against a closed glottis which increases intracranial pressure
[2,17,25]

.  

Sneezing and cough may increase the middle ear pressure and causes the 

outward bulging of membranous labyrinth in the bone dehiscence area of 

the superior canal; similar to positive pressure changes in the EAC.  

However, both may also increase the intracranial pressure and causes the 

inward bulging of the membranous labyrinth; similar to negative pressure 

changes in the EAC.   
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Although, there was no clear correlation between symptoms and the 

size of SCD
[13]

.  The third window explains the vestibular manifestations 

of SCD, which included chronic dizziness which gets worse in the 

presence of loud noises, Tullio’s phenomenon (eye movements and 

vertigo induced by loud noise) and Hennebert’s sign (eye movements and 

vertigo induced by pressure in the external auditory canal).  Plus, change 

of atmospheric pressure, coughing, playing wind instruments, sneezing, 

straining or heavy lifting; even drop attacks has been reported with 

SCD
[26]

.  

Vestibular symptoms are presenting as the most common and are the 

most debilitating complaints
[1,14,27]

.  However, patients can also present 

with auditory symptoms, with or without vestibular symptoms
[1,3,4]

.  The 

dehiscence may act as a shunt for air-conducted sound; leads to reduce 

the fluid-displacement wave to the cochlear partition; reducing the 

stimulus that activates the hearing mechanism through air conduction 

hearing.  On the other hand, bone-conduction includes the summation of 

multiple stimulus pathways, and most are improved by SCD, such that it 

results in improved bone conduction hearing
[28]

.  Hence, classically, SCD 

induces a decrease in the sensitivity of air-conduction at low-frequency 

and an increase in the sensitivity of bone conduction at low-frequency, 

simultaneously (< 2 kHz)
[2,14]

 . The combination of these two alterations 

in sensitivity can result in a significant air–bone gap (this explains the 

“pseudo-conductive” hearing loss where).  Moreover, patient’s increased 

sensitivity to bone conducted sounds, and brain pulsations through the 

dehiscence results in hyperacusis to body sounds. This includes 

autophony, being able to hear their heartbeat; hearing heel strikes with 

the ground when stepping; eye movements and hearing joint articulation 

sounds. Used diagnostically, some patients can hear a tuning fork applied 

on their elbow or ankle.  The bone conduction enhancement results in the 

Weber test with a 256 or 512 Hz tuning fork lateralizing to the affected 

ear. This can be used as a screening test in the absence of conductive 

hearing loss, unless the patient has bilateral SCD. Interestingly, these 

auditory symptoms have been historically attributed to “inner ear 

conductive hearing loss”
[29,30]

.  

It has not been elucidated why some patients suffer from hearing 

disturbance, few others from dizziness, others from both kinds of 

symptoms, while some remain asymptomatic
[31]

.  However, factors that 

may contribute to the differences in the auditory, and/or vestibular 
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manifestations of superior canal dehiscence include whether or not the 

cochlear aqueduct is patent, and the relative compliance of the round 

window membrane
 [14]

.  

Audiology 

Hearing loss may be the only symptom of superior canal dehiscence 

syndrome (SCD)
[3,4,13]

.  An air-bone gap with an intact tympanic 

membrane typically represents a disruption of the middle-ear conduction, 

with etiologies which include congenital ossicular malformations, 

otosclerosis, ossicular chain fixation or discontinuity.  Audiogram, 

impedance, OAE and ENG testing are useful as an agent for diagnosis.  

As mentioned above, studies have shown that a third window could 

elevate air-conduction thresholds, and a decrease or not affect bone-

conduction thresholds
[3,28,32]

.  When conductive hearing loss is seen in 

SCD, it tends to be predominantly in the low frequencies
[5]

.  This air-

bone gap may be present with air conduction thresholds in the normal 

range
[3,9]

 (i.e., less than 20 dB HL), and with the bone conduction 

thresholds at reported has being 0 dB HL. Many audiologists will not test 

negative thresholds for bone conduction; a common practice being to 

stop if responses are present at 0 dB HL.  Often, SCD patients will have 

bone conduction thresholds at -5 or - 10 dB HL. Therefore, the physician 

may have to specifically request testing for negative bone conduction 

threshold testing in suspicious cases with a mild air bone gap in the low 

frequencies.  

The presence of acoustic reflex in an ear with conductive hearing 

loss, provides a useful screening test in the identification of patients in 

which the conductive hearing loss on the audiometry may be due to 

superior canal dehiscence, rather than to a middle ear problem. Most 

middle ear conditions will result in the loss of the acoustic reflex
[2]

.  

Otoacoustic emission (OAE) may also be present despite a conductive 

hearing loss, at least in the higher frequencies.  Again, most middle ear 

pathologies causing conductive hearing loss also abolish OAEs.  

Electrooculography (EOG) can record abnormal nystagmus elicited with 

loud sounds, fistula testing, or by Valsalva.  These investigations can be 

useful when patient’s symptoms or signs are multifaceted or are 

uncharacteristic, which is not unusual with SCD. 
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Superior canal dehiscence syndrome may lower the thresholds for 

vestibular evoked myogenic potential (VEMP) in the affected ear
[9,27,33]

.  

This VEMP test is a large and short latency inhibitory potential in the 

tonically contracted ipsilateral sternocleidomastoid muscle. In response 

to a brief loud sound, usually short broadband clicks or tone-bursts 

delivered via headphones. The response is recorded electromyo-

graphically using surface electrodes over the ipsilateral sternocleido-

mastoid muscle. Thus, it represents one vestibule-spinal reflex whose 

afferent limb arises from the saccule and not from the cochlea. Therefore, 

it depends upon both sound transmission through the middle ear and 

structural integrity of the otolith organ, including the superior 

semicircular canal.  In SCD syndrome, there is a ‘path of at least 

resistance’ that shunts acoustic energy through the vestibular labyrinth 

rather than through the cochlea. This typically yields a 20 dB lowered 

VEMP threshold (70 dB compared with 95 dB). Nevertheless, it gives 

great value to VEMP in supporting the diagnosis of SCD
[3,4,27,34]

 and 

makes it useful and cost-effective screening test for SCD
[10,14]

.  

Moreover, VEMP thresholds are concordant with symptoms, therefore 

helping in the differential diagnosis in selecting the most affected ear for 

surgery; in cases of bilaterally SCD
[35]

 and confirming the outcome of 

surgical repair
[17,35]

.  

CT Scan  

The diagnosis of SCD can be a clinical challenge, since patients with 

SCD can present with various vestibular and/or auditory symptoms. Plus 

it may mimics other otologic entities, for example, otosclerosis, patulous 

Eustachian tube and Meniere’s disease
[26,36-38]

. Therefore, the diagnosis 

of superior canal dehiscence syndrome depends on careful correlation of 

patient's history, physical examination and investigation including 

imaging with high resolution computed tomography (CT) scan of the 

temporal bones. This is the gold standard to detect the dehiscence of bone 

overlying in the superior canal, and the diagnosis depends strongly on 

this (Fig. 1)
[39,40]

. However, CT scan interpretation will depends on many 

other factors such as radiologist experience, size of fistula, CT scan 

thickness, as well as direct or reformatted plane techniques. With expert 

evaluation, the CT scan can have a specificity of 99% and a positive 

predictive value of 93% in the detection of symptomatic SCD 

syndrome
[39]

. Other authors recommend CT-scanning only to confirm a 
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strong clinical suspicion and not as a tool to screen for SCD, because of a 

low positive–predictive value with a range of 57–67%
[41]

. It has also been 

proposed that patient who have had stapedectomy without change in 

postoperative conductive deficit despite uncomplicated surgery,
[5]

 may 

also justify imaging. Some would consider it for any patient with isolated 

conductive or mixed hearing loss with a normal ear drum before 

operation 
[13]

. 

 
Fig. 1. A 0.5-mm Coronal CT scan through the left temporal bone demonstrates 

dehiscence of bone (arrow) over the left superior canal in 38-year-old male with 

sound (Tullio phenomenon) and pressure induced (Hennebert’s sign) vertigo 

associated with dehiscence of the arcuate eminence (roof) of the superior 

semicircular canal.  

The prevalence of SCD in standard CT scan imaging is about 

10%
[6,41,42]

.  This figure may be halved by reconstructing the images in 

the plane of the canal
[41]

.  However, radiographic dehiscence of the SSC 

still significantly exceeds the histologic prevalence of 0.5%
[6]

.  

Therefore, the SCD on imaging examinations can be an imaging artifact, 

and is often an asymptomatic and incidental finding
 [5]

.  Thus, careful 

evaluation of many cuts is critical since SCD can be seen as one single 

cut only in the CT scan. Thus, it can be a false positive, due to technical 

issues such as partial volume averaging effect
[14,39,43,44]

, or just blue lining 

of the canal with the bone still covering it, and that may not need surgical 

intervention
[41]

.  Hillman et al.
[5]

 insist on 2 consecutive cuts of 1 mm 

thickness that show dehiscence as a diagnostic criterion. Otherwise, using 

an ultrahigh-resolution helical CT scan with 0.5-mm collimation plus 

reconstructions in the plane of the superior canal and orthogonal to it. 

These are ideal for the identification of SCD, as proposed by Belden et 

al.
[39]

.  Later, Hillman et al.
[5]

 reported a CT scan protocol that gives 

excellent bony detail - 1 mm per section; non-contrast coronal cuts with a 
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window width/ level setting of 4000/450-.  Although, Minor
[2]

 

alternatively proposed ultra-high resolution CT scanning (0.5 mm cuts) 

that may also be used to provide better specificity. 

Virtual endoscopy (computer processing of 3-D image datasets) is a 

new way to confirm SCD.  Wang et al.
[45]

 did a pilot study on three 

definite SCD subjects; two possible SCD subjects, and five control 

subjects to examine the threshold of virtual endoscopy in diagnosing 

SCD.  They reported significant thresholds differed between affected ear 

compare to the unaffected ears.  Furthermore, normal controls base on 

two radiologists blinded to clinical history and independently reviewed 

the virtual endoscopy images twice, separated by 3 months. 

MRI is also an excellent tool to diagnose SCD where T2 weighted 

and fast spin echo can show the clear contact between inner ear and brain 

fluid
[6]

.  MRI may have as much as 96% sensitivity and 98% specificity 

for the identification of the syndrome
[46]

.  Since MRI is still expensive, 

time consuming and inconvenient for many patients.  It may be 

appropriate for patients with pure vestibular symptoms to exclude 

retrocochlear lesion, or before performing surgical intervention.  In rare 

cases, MRI may shows the underlining cause of symptoms as being SCD 

when performed for suspected intracranial lesions
[47]

.  

Surgery 

In the majority of cases with SCD have mild symptoms and do not 

require surgery.  Avoidance of the precipitating stimuli can be quite 

effective in managing the condition
[17,48]

.  Surgical repair of the effective 

canal may be considered as a valid therapeutic option; in cases with 

debilitating symptoms such as frequent or permanent disequilibrium; 

unsteadiness or other incapacitating vestibular or auditory symptoms. 

Other underlining cause of symptoms like benign positional vertigo 

BPPV
[5]

 should be treated before considering surgery. 

Surgical repair can be performed by accessing the dehiscence through 

a middle fossa or transmastoid approach. The transmastoid approach is 

attractive since it is less invasive and requires no temporal lobe 

retraction
[43,49]

. Furthermore, there is no manipulation of the dehiscence, 

if plugging is anticipated
[43]

 and is more familiar to otologists
[50]

. It can 

even be performed under local anesthesia
[49]

.  Moreover, the mastoid 

cortical bone graft is thicker and less likely to get reabsorbed, plus the 
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stability is substantially better than outer table temporal bone
[50]

.  After 

identifying the area of dehiscence, resurfacing with calvarial bone grafts 

and temporalis fascia can be done.  An alternative way is to plug the 

canal with fascia, bone pate or hydroxyapatite bone cement.  Vlastarakos 

et al.
[51]

 performed a meta- analysis and reported success rates.  Thus, in 

favor of canal plugging and canal capping over resurfacing of the SSC.  

It is worth mentioning that a tympanostomy tube may be beneficial in 

some patients with symptoms induced by pressure in the external 

auditory canal
[14,52]

 . 

Summary 

SCD syndrome is a variant of perilymph fistula and was described by 

Minor et al. in 1998.  It is clinically characterized by attacks of vertigo 

and oscillopsia, induced by loud sound (Tullio’s phenomenon); pressure 

changes in the external ear canal (Hennebert’s sign) or Valsalva 

maneuvers.  The creation of a third mobile window in the bony labyrinth, 

in addition to the normal round and oval windows, it allows for 

intracranial contact with the inner ear fluid. Plus, it altered perilymph and 

endolymph dynamics making the auditory and vestibular apparatus 

sensitive to sound or pressure stimuli.  Delay of diagnosis is frequently 

seen because of low awareness of this disease.  Moreover, misdiagnosis 

could occur since the signs and symptoms of this syndrome can be quite 

variable, and resemble more common conditions such as Meniere’s 

disease, benign paroxysmal positional vertigo, otosclerosis or Eustachian 

tube dysfunction. 

Audiometry can demonstrate negative bone conduction hearing 

thresholds, with apparent air-bone gaps.  The preservation of stapedial 

reflexes, OAE and reduced thresholds in VEMP indicates that neither the 

tympanic membrane nor middle ear is the cause of the conductive loss.  

Diagnosis requires a high index of suspicion, because of the multiple 

symptoms that overlap with other disease entities.  The decision to 

undergo surgery for SCD requires careful consideration of symptoms' 

severity and ability to tolerate these symptoms relative to the risks of the 

surgery.  Finally, the author suggests that more education and awareness 

of this disease as well as further research in this field with large study 

group and long-term follow up of patients is highly recommended. 
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