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Imaging and Clinical Evaluation of Isolated Atresia of
the Oval Window

Timothy N. Booth, Louis G. Vezina, Gerald Karcher, and Elizabeth C. Dubovsky

BACKGROUND AND PURPOSE: Congenital causes of hearing loss in children commonly
are encountered, and imaging aids in diagnosis as well as presurgical evaluation. Atresia of
the oval window not associated with atresia of the external auditory canal (EAC) is a rare
cause of congenital hearing loss in children. We present the clinical and imaging findings in
children with isolated oval-window atresia.

METHODS: Atresia of the oval window was defined as the absence of the structure with the
presence of a bony plate superimposed between the vestibule and middle ear. The bony plate
is within the expected region of the oval window. Using a computerized database, nine patients
with isolated oval-window atresia were found. All had been evaluated with high-resolution
computed tomography (HRCT) and all had medical records available for review, including
audiogram results. Imaging studies were interpreted by the consensus of two pediatric
neuroradiologists.

RESULTS: Atresia of the oval window was documented in all cases using HRCT criteria.
The most common anomalies associated with oval-window atresia were inferomedial malposi-
tion of the facial nerve (n 5 8), malformed incus (n 5 6), and displaced stapes (n 5 2). Four
patients had symmetric bilateral involvement. Hearing tests were not specific, because conduc-
tive, sensorineural, and mixed patterns were found.

CONCLUSION: Anomalies of the oval window should be sought in all patients with congen-
ital hearing loss. Associated findings, such as facial nerve aberrancy and ossicular anomalies,
are important in both diagnosis and surgical planning.

Hearing loss is the most common sensory distur-
bance in children. Congenital etiologies are found
frequently and can be the result of various anom-
alies ranging from atresia of the external auditory
canal (EAC) to enlargement of the vestibular aq-
ueduct (1). At our institution, children with con-
genital hearing loss of unknown etiology are re-
ferred more often for CT rather than MR imaging
because of the ability of CT scanning to evaluate
the ossicles and osseous labyrinth. Atresia of the
EAC is clinically obvious. These patients are re-
ferred for high-resolution computed tomography
(HRCT) to evaluate the ossicles, the position of the
facial nerve, and the thickness of the atretic bony
plate prior to potential surgical repair. Oval-win-

Received February 4, 1999; accepted after revision August 5.
From the Department of Radiology, Children’s Medical

Center of Dallas, Dallas, TX (T.N.B.); Children’s National
Medical Center, Washington, DC (L.G.V., G.K., E.C.D.).

Presented at the annual meeting of the American Society of
Neuroradiology, Philadelphia, May 1998.

Address reprint requests to Timothy N. Booth, MD, Chil-
dren’s Medical Center of Dallas, Department of Radiology,
1935 Motor Street, Dallas, TX 75235.

q American Society of Neuroradiology

dow atresia is known to occur with atresia of the
EAC (2). Nevertheless, atresia of the oval window
may be overlooked when the EAC is formed nor-
mally and a potentially correctable cause of con-
genital hearing loss may be missed. The imaging
findings of isolated atresia of the oval window have
received little attention in the literature (3–5). We
report the clinical presentation and HRCT findings
in children with oval-window atresia not associated
with anomalies of the EAC.

Methods
Using a computer database, nine patients with isolated oval-

window atresia were found between June 1993 and June 1997.
The database is comprehensive and includes all patients who
underwent neuroimaging in our department. Age range of pa-
tients at initial CT scanning was 2 to 13 years (mean, 5.6
years). Five patients were male, and four were female. All had
been referred for evaluation of congenital hearing loss. Medi-
cal records were reviewed, with specific attention to audiogram
results and type of hearing loss (ie, conductive, mixed, or sen-
sorineural).

All patients were imaged by using HRCT in the axial and
coronal planes. One-mm collimation, bone algorithm, and tar-
geted magnified reconstruction were used. Two neuroradiolo-
gists evaluated the images by consensus. The diagnosis of oval-
window atresia was confirmed in all cases by demonstrating a
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FIG 1. Case 5: A 4-year-old male pa-
tient with left sensorineural hearing loss.

A and B, Coronal (A) and axial (B)
HRCT images through right temporal bone
show no abnormality. Lenticular process
(LEN) is well formed and joins long pro-
cess of incus (LPI) at 908 angle. oval win-
dow (OW) is patent. stapes (S) and facial
nerve (FN) are appropriately positioned.

C and D, Coronal (C) and axial (D)
HRCT images through left temporal bone.
Left oval window (OW) is absent with facial
nerve (FN) present within expected loca-
tion of structure. Lenticular process of in-
cus is not well developed and crura of sta-
pes (S) are oriented toward pyramidal
eminence (PE).

well-defined bony plate in the expected region of the oval win-
dow between the middle ear cavity and the vestibule. The dis-
tance between the superior and inferior margins of the oval win-
dow was narrowed, which was visualized best on the coronal
images. In addition to the bony atresia of the oval window, we
documented position of the facial nerve canal, any ossicular
anomalies, anomalies of the bony labyrinth, and the patency of
the EAC. Surgical confirmation was not present. In our insti-
tution, this entity previously was thought to be inoperable owing
to potential complications and limitations in technology. Also,
children with unilateral hearing loss were not examined because
of normal hearing within the contralateral ear.

Results
The EAC was widely patent in all the patients

without elongation of the scutum. Oval-window
atresia was clearly shown in all patients and was
associated with specific anomalies of the incus, sta-
pes, and facial nerve. The incus was highly visible
on all scans. A malformed or absent lenticular pro-
cess was documented in six patients (67%). The
stapes was difficult to visualize in six patients and
clearly was malpositioned in two patients. Axial
images revealed the stapes to be directed posterior
and attached to the pyramidal eminence (Fig 1 and
2). The tympanic portion of the facial nerve had an
aberrant position in eight patients (90%). Usually,
the tympanic segment was displaced inferior to the
expected region of the absent oval window (n 5
5). In two patients, the tympanic portion of the fa-
cial nerve was displaced below the atretic oval win-
dow just lateral to the cochlear prominence (Fig 3).
The descending portion of the facial nerve was lo-
cated normally in all patients. The epitympanic re-
cess, mesotympanum, and hypotympanum other-
wise were formed normally and the tympanic
membranes were normal. There were no anomalies
of the osseous labyrinth. Four of nine patients had

bilateral involvement, which was symmetrical. The
children with unilateral involvement had a clearly
defined patent oval window on the unaffected side.

A pediatric otolaryngologist performed hearing
tests, with audiograms obtained from all children.
The classical finding of a mixed pattern of hearing
loss usually found, with pathology at the level of
the oval window, was encountered in only two pa-
tients. The remainder of patients presented with
conductive (n 5 4) or sensorineural (n 5 3) hear-
ing loss. One patient with bilateral anomalies had
left sensorineural hearing loss whereas hearing on
the right was normal.

Discussion
Isolated oval-window atresia is considered a mi-

nor anomaly of the middle ear. Patients typically
present with conductive or mixed hearing loss and
a history consistent with congenital hearing loss
(6). Sensorineural hearing loss, which was found in
three patients in our series, has not been reported,
to our knowledge, in patients with oval-window
atresia; however, inner-ear anomalies have been re-
ported in the pathology literature in association
with oval-window atresia (7). The finding of sen-
sorineural hearing loss is important, especially
when examining this cohort of patients with MR
imaging, because the oval window and associated
structures will not be evaluated adequately. MR im-
aging, however, may be complementary and reveal
subtle dysplasias of the membranous labyrinth or
hypoplasia of the vestibulocochlear nerve not seen
by HRCT (8). Bilateral oval-window atresia was
associated with left sensorineural hearing loss in
one patient (Fig 3). The absence of hearing loss on
the right is difficult to explain. Surgical confirma-
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FIG 2. Case 6: A 3-year-old male pa-
tient with left conductive hearing loss.

A and B, Coronal (A) and axial (B)
HRCT images of left temporal bone. Left
oval window (OW) is absent with facial
nerve (FN) displaced into region. Lenticu-
lar process of incus (LEN) is absent and
crura of stapes (S) are oriented toward py-
ramidal eminence (PE).

FIG 3. Case 1: A 2-year-old female pa-
tient with left sensorineural hearing loss.

A and B, Coronal (A) and axial (B)
HRCT images of right temporal bone. Oval
window (OW) is absent. Inferior to oval
window is displaced facial nerve (FN).
Dysmorphic stapes (S) is attached to ab-
errant facial nerve. Both temporal bones
were symmetrically abnormal.

tion was not performed owing to the presence of
unilateral hearing loss.

Isolated oval atresia has been reported infre-
quently in the literature (9–14). Most reported
cases are of surgical findings and have limited or
no correlation with HRCT. Two cases of oval-win-
dow atresia with an aberrant facial nerve have been
missed by HRCT, but found at surgery (5). HRCT
was found to be diagnostic by using imaging cri-
teria in our series of patients. The bony plate pres-
ent within the oval window was visualized easily
on coronal images in all patients. Surgical explo-
ration in cases of oval-window atresia has shown
the stapes to be uniformly dysplastic or absent (3).
In our group of patients, the stapes was not seen
well in most (n 5 6) and actually displaced in two
cases. The inability to visualize the stapes may re-
late to absence or severe dysplasia of the structure.
We found evaluation of the incus to be most useful
owing to the relative ease of identification on co-
ronal images. The lenticular process of the incus
was absent or inferiorly malpositioned in six cases.
The tympanic segment of the facial nerve was vi-
sualized in all patients and was positioned abnor-
mally in eight.

The embryology of oval-window atresia is relat-
ed directly to the development of second branchial
arch structures and, most importantly, the facial
nerve. The lenticular process of the incus, stapes
suprastructure, and facial nerve all develop from
the second branchial arch. The oval window is ac-
tually derived from the optic capsule, but will not
form without the stimulus of contact by the stapes.
Two theories have been developed to explain oval-
window atresia. The first links the abnormal for-
mation of the oval window to the development and
subsequent position of the facial nerve. The tym-

panic and descending segments of the facial nerve
become visible at 5 to 6 weeks. The facial nerve
becomes displaced anteriorly and inferiorly, and
lies between the stapes blastema and oval window.
This position prevents the normal migration of the
stapes and thus prevents induction of the oval win-
dow (15). The second theory links underdevelop-
ment of the first arch and subsequent compensatory
anterior shifting of the second arch structures to
explain oval-window atresia (16). Both theories in-
corporate the normal development of the facial
nerve as a requirement for formation of a patent
oval window. In our series, the former theory
seems more plausible because of the lack of first
arch anomalies as well as the facial nerve being
displaced more inferiorly rather than anteriorly. In
children with major anomalies of the middle ear
and oval-window atresia, the facial nerve seems to
be displaced anteriorly and is associated by defi-
nition with anomalies of the first arch. These find-
ings make the latter theory more applicable in this
group of patients.

Surgery is an option in this group of patients,
but variable results have been reported. Sterkers
and Sterkers (13) reported long-term correction of
conductive hearing loss in six of eight cases. The
oval window was bypassed and a fenestra drilled
above the expected region of the oval window with
placement of a piston. Lambert (4) reported a series
of patients treated with vestibulotomy and prosthe-
sis placement. Initial improvement in hearing was
eventually lost in a majority of patients. Attempted
surgical intervention with the possibility of injury
to the facial nerve remains controversial in this
group of patients. Surgical results potentially could
be affected by coexisting occult malformations of
the inner ear.
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Conclusion

Anomalies of the oval window should be sought
in all patients presenting with congenital hearing
loss. The type of congenital hearing deficit is vari-
able and should not influence the radiologic diag-
nosis. This entity is overlooked easily using CT
scanning unless meticulous axial and coronal im-
ages, in particular, are obtained. Associated find-
ings, such as facial nerve and stapedial malposi-
tion, are important factors in surgical planning.
Anomalies of the lenticular process of the incus are
found commonly among patients with oval-window
atresia and can serve as an indicator of pathology
at the level of the oval window.
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