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ABSTRACT

SUMMARY: A subset of patients presents with unilateral conductive hearing loss, a normal pinna or grade I microtia, and mild external
auditory canal stenosis. The physical findings of microtia and a small external canal are commonly absent or subtle in this group of patients,
who are being commonly referred for imaging to evaluate isolated conductive hearing loss. We present a case series of patients with
unilateral conductive hearing loss and characteristic ossicular abnormalities, commonly anterior fixation of the malleus. All patients had a
significantly increased distance from the cochlear promontory to the handle of the malleus and an abnormal incudostapedial angle,
indicative of an abnormal ossicular position and/or morphology. Successful surgical reconstruction of the ossicular chain was attempted
and accomplished in 3 patients.

ABBREVIATIONS: CHL � conductive hearing loss; EAC � external auditory canal; HRCT � high-resolution CT

Congenital hearing loss affects 1–3 per 1000 children.1 Hearing

loss can be due to central auditory dysfunction, conductive,

sensorineural, or a combination.2 Congenital conductive hearing

loss (CHL) may be related to an isolated anomaly of the middle

ear without associated anomalies of the external ear or canal.3

More commonly, anomalies of the middle ear are linked to con-

genital anomalies of the pinna, which has an incidence of approx-

imately 1 in 11,000 children. These patients present with conduc-

tive hearing loss related to stenosis or atresia of the external

auditory canal (EAC).4 Ossicular anomalies such as absence, fix-

ation, and abnormal fusion have been described in children with

or without EAC stenosis or atresia. External auditory canal steno-

sis or atresia in the absence of anomalies of the pinna is uncom-

mon but has been described in nonsyndromic children and chil-

dren with chromosome 18q deletion.5 The absence or subtle

nature of external ear anomalies in this patient population could

potentially lead to delay in identification of the etiology of hearing

loss. High-resolution CT (HRCT) is beneficial in elucidating the

etiology of congenital CHL and guides surgical management in

these patients.4

We describe the clinical presentation and audiometric and

HRCT findings in a group of patients with unilateral CHL and a

normal or minimally abnormal pinna associated with mild steno-

sis of the EAC.

Case Series

Patients. This was a Health Insurance Portability and Account-

ability Act– compliant retrospective case series performed after

approval from the institutional review board at a tertiary referral

center. A PACS search was performed with the Boolean function

combining “external canal,” “external auditory canal” AND “ste-

nosis,” or “stenotic” for identifying relevant cases of CT of the

temporal bones performed during a 5-year period (2009 –2013).

The inclusion criteria were patients with unilateral congenital

EAC stenosis of �50% diameter on CT, a normal pinna or grade

I microtia, and a diagnostic temporal bone HRCT. Children with

syndromes associated with temporal bone abnormalities were ex-

cluded. Grade I microtia is characterized by a hypoplastic auricle

with all the identifiable landmarks, grade II microtia consists of an

abnormal auricle without some identifiable landmarks, grade III

microtia is recognized by a very small auricular tag, and anotia is

classified as grade IV.6,7

The electronic medical records were reviewed for the presence

or absence of an abnormal pinna. Audiograms were reviewed for

the severity of conductive hearing loss, and the pure tone average

was graded as mild (20 – 40 dB), moderate (40 – 60 dB), or severe/

Received May 6, 2014; accepted after revision June 22.

From the Departments of Radiology (R.J., Y.X., T.N.B.) and Otolaryngology (S.G., B.I.,
J.W.K., P.R.), Children’s Medical Center of Dallas, University of Texas, Southwestern
Medical Center, Dallas, Texas.

Paper previously presented at: Annual Meeting of the American Society of Neuro-
radiology and the Foundation of the ASNR Symposium, May 17-22, 2014; Montreal,
Quebec, Canada.

Please address correspondence to Timothy N. Booth, MD, Department of Radiol-
ogy, Children’s Medical Center of Dallas, 1935 Medical District Dr, Dallas, TX 75235;
e-mail: tim.booth@childrens.com

http://dx.doi.org/10.3174/ajnr.A4067

AJNR Am J Neuroradiol ●:● ● 2015 www.ajnr.org 1

 Published August 14, 2014 as 10.3174/ajnr.A4067

 Copyright 2014 by American Society of Neuroradiology.



profound (�60 dB). HRCT studies were reviewed by a pediatric

neuroradiologist with 17 years of experience and a pediatric neu-

roradiology fellow.

Imaging Analysis
HRCT studies were performed with a reconstruction thickness of

0.5– 0.8 mm. Targeted magnified reconstructions were per-

formed for each ear in the plane of the lateral semicircular canal,

with perpendicular coronal reformats constructed at 0.2- to

0.5-mm thickness.

The external auditory canal measurement was compared with

that of the contralateral normal ear,

which served as an internal standard. The

EAC was measured in the axial and coro-

nal planes, parallel to the tympanic mem-

brane, along the medial-most aspect of

the external auditory canal (Fig 1). The

measurements were compared with the

contralateral EAC to assess the degree of

asymmetry in size. More complex methods

have been described, but a single axial and

coronal measurement was determined ade-

quate due to the availability of the contralat-

eral normal ear for comparison.8

HRCT of the temporal bone was eval-

uated for findings based on the criteria

developed by Jahrsdoerfer et al9 for iden-

tifying suitable candidates with congeni-

tal aural atresia for surgery.10,11 The pres-

ence of ossicular anomalies, including

fixation, abnormal position, and abnor-

mal shape or size, was noted. Fixation was

defined as the presence of an osseous bar

between the ossicles and the margins of

the middle ear cavity or when the ossicles

were not separable from the walls of the

middle ear cavity. The positions and rela-

tionships of the ossicles in the middle ear

were evaluated. The distance between the

cochlear promontory and the most me-

dial portion of malleus handle was mea-

sured on the normal and abnormal sides

on axial HRCT images to assess the posi-

tion of the malleus. To evaluate the rela-

tionship between the incus and stapes, we

measured the angle between the long pro-

cess of the incus and the capitulum stapes

(incudostapedial angle) on the normal

and abnormal sides on coronal images at

the level of the oval window.10,12 The size

of the Prussak space was compared with

that of the contralateral normal ear. The

incudomalleal and incudostapedial joints

were evaluated for fusion or widening.

The size of the middle ear was compared

with that of the contralateral ear and sub-

jectively evaluated as normal or mildly or

severely hypoplastic.

The patency of the oval and round windows was assessed along

with the status of the facial nerve. The position of the tympanic

segment of the facial nerve was considered abnormal if it was

inferiorly medially displaced, overlying the oval window; if the

position of the posterior genu was anterior to the round window;

and/or if the vertical segment of the facial canal had an anterolateral

course. Inner ear structures were evaluated for the presence of co-

chlear or vestibular dysplasia and the size of the cochlear nerve canal

(normal, �1.4 mm).13 Intraoperative findings, audiograms, and the

success of reconstruction were reviewed by a neurotologist.

FIG 1. Measurement method for the EAC diameter. Axial and coronal temporal bones at the
level of the EAC. The left EAC is measured obliquely along the most medial aspect, parallel to
the tympanic membrane (dotted line) in both the axial and coronal planes.

FIG 2. Abnormal orientation of the handle of the malleus in a 4-year-old girl with right-sided
CHL (patient 6). Axial HRCT of the temporal bone, superior-to-inferior. A and B, Superior image
shows a normal ossicular position. Inferiorly, abnormal orientation of the handle of the right
malleus along with posterior fixation of the handle of the malleus (arrow) is present. There is
asymmetric widening of the distance between the cochlear promontory (arrowhead) and the
handle of the malleus. C and D, Normal ossicular anatomy is present superiorly. Inferiorly,
normal orientation of the handle of the left malleus and a normal distance from the promontory
to the handle (between arrows) are seen.
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Statistical analysis was performed by

using the Wilcoxon signed rank test due

to the small sample size. The malleal han-

dle to the cochlear promontory distance

and the incudostapedial angle were com-

pared with the measurements from the

contralateral normal ear.

Clinical Findings
A 5-year PACS search with specified cri-

teria revealed 9 patients. Three were ex-

cluded due to syndromic association (2

Goldenhar, 1 Down syndrome). The

male/female ratio was 5:4, and the mean

age was 7 years (range, 3–12 years). All

patients presented with unilateral CHL.

On physical examination, 5/9 patients

had no abnormality of the pinna and clin-

ically normal EACs. Four of 9 patients had

grade I microtia. The mean pure tone av-

erage was 49.4 � 14.2 dB (range, 28 – 68

dB), and the mean air-bone gap was

49.6 � 12.9 dB (range, 25– 65 dB). Two

patients had mild CHL; 5, moderate CHL;

and 2, severe CHL.

Imaging Findings
CT showed the mean EAC diameter to be

5.1/6.7 mm (axial/coronal) on the af-

fected side and 7.7/8.7 mm (axial/coro-

nal) in the normal-hearing ear. Fixation

of the handle of the malleus to the tym-

panic annulus was seen anteriorly in 7/9

ears and posteriorly in 1 ear (Figs 2 and 3).

Posterior fixation of the long process of

the incus was present in 2/9 ears (Fig 4).

Abnormal orientation of the handle of the

malleus with an abnormally increased

distance to the cochlear promontory was

present in all ears. The mean distance be-

tween the cochlear promontory and the

handle of the malleus on the normal side

was 1.7 mm (range, 1–2.9 mm) and 3.9

mm (range, 3.1– 4.4 mm) on the abnor-

mal side, with the distance being in-

creased on the abnormal side (Figs 2 and

3). These findings were found to be signif-

icant (P � .039, Wilcoxon signed rank

test). The mean incudostapedial angle on

the normal side was 82.3° (range, 66°–

96°) and 101.1° (range, 73°–119°) on the

abnormal side (Fig 5). These findings

were significant (P � .015, Wilcoxon

signed rank test). The angle was increased

in all affected ears.

There was a mild subjective decrease

in size in the middle ear on the affected

FIG 3. Abnormal fixation of the handle of the malleus along with increased distance of the
handle of malleus to the cochlear promontory in a 4-year-old boy with right-sided CHL (patient
9). Axial HRCT of the temporal bones, superior-to-inferior. A and B, There is abnormal fusion of
the right malleus and incus (long arrow) superiorly. The inferior image shows fixation of the
handle of the malleus anteriorly (short arrow). Note an increased distance of the handle of the
malleus to the cochlear promontory (arrowhead). C and D, Normal separation of the left
ossicles is present superiorly. Inferiorly, there is a normal distance of the handle of the left
malleus to the promontory in the normal ear (between arrows).

FIG 4. Abnormal fixation of the incus in a 5-year-old girl with left-sided CHL (patient 1). Axial
HRCT of the temporal bone, superior-to-inferior. A and B, Superiorly, there is a normal incus
with articulation with the stapes (arrow). Inferior image shows a normal long process of the
incus with no fixation bar (arrow). C and D, Superiorly, there is fusion of the left malleus and
incus (arrow). Inferior image shows a posterior fixation bar extending from the long process of
the incus (long arrow) to the posterior wall of the tympanic cavity.
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side in 5 ears, and the middle ear was nor-

mal in size in 4 ears. There were no pa-

tients with severe hypoplasia of the mid-

dle ear cavity, and all ears were normally

aerated without soft tissue present. A nar-

rowed Prussak space suggested an abnor-

mal ossicular position in 5/9 ears (Fig 6).

The most common ossicular abnormali-

ties included decreased size of the malleus

head (7/9) and a narrowed or fused incu-

domalleal joint (7/9). Widening of the in-

cudostapedial joint was present in 5/9 ears

(Fig 7). The stapes was abnormal in 1 pa-

tient with an enlarged capitulum.

The oval and round windows were

normal in all ears. The tympanic segment

of the facial nerve was normally posi-

tioned and free of the oval window in all

ears. The posterior genu was in the nor-

mal position at the level of or posterior to

the round window in all ears. There was

mild anterior displacement of the vertical

segment of the facial nerve in 1 ear. No

inner ear anomalies and normal cochlear

nerve canals were demonstrated.

Surgical Correlation
Surgery was performed in 3 patients with

agreement of most findings on HRCT.

One imaging study showed a widened in-

cudostapedial joint, which was not appar-

ent at surgery. Tympanoplasty was per-

formed in all those with a canaloplasty in

1 ear. Natural ossiculoplasty (mobiliza-

tion of the fixed malleus head) was per-

formed in 2 ears with malleus fixation,

and an ossicular chain reconstruction

(partial ossicular reconstruction prosthe-

sis) was performed in 1 ear with incudo-

stapedial joint separation. Significant im-

provement in hearing was noted in 2

patients on the postoperative audiogram

(mean improvements in pure tone aver-

age of 24 dB), and 1 patient was lost to

follow-up.

DISCUSSION
The auricle is derived from the first and

second pharyngeal arches, and the exter-

nal auditory canal is derived from the first

pharyngeal cleft. The malleus and incus

are derived from endochondral ossifica-

tion of the cartilage of the first and second

arches.4 Hence, abnormal development

of the first and second arches can lead to

auricular malformations, including mi-

crotia, external auditory canal stenosis,

FIG 5. Abnormal asymmetric increased in the incudostapedial angle in a 3-year-old boy with
right-sided CHL (patient 8). Coronal-reconstruction HRCT of the temporal bone at the level of
the long process of the incus. A, An abnormally increased incudostapedial angle (arrow) mea-
suring 109° is present in the right ear. B, The normal left ear has an incudostapedial angle
measuring 93° (arrow).

FIG 6. Asymmetric narrowing of the Prussak space in a 12-year-old boy with left-sided CHL
(patient 2). Coronal-reconstruction HRCT of the temporal bone at the level of the malleus. A,
Normal appearance of the Prussak space in the normal right ear (arrow) is present. B, Asymmet-
ric narrowing of the Prussak space (arrow) in the affected left ear is present with a normal
volume of the tympanic cavity.

FIG 7. Abnormal incudomalleal and incudostapedial joints in a 3-year-old boy with right-sided CHL
(patient 8). Axial HRCT of the temporal bone at the level of the ossicular articulations, superior-to-
inferior. A and B, Superior image shows abnormal incudomalleal fusion (arrow). Inferiorly, abnormal
incudostapedial widening (arrowhead) in the right ear is present. C and D, The normal left incu-
domalleal (arrow) and incudostapedial joints (arrowhead) are demonstrated.
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and ossicular dysplasia. The early identification of unilateral con-

ductive hearing loss can be difficult in the absence or presence of

minor deformity of the external ear.5

Most patients in this series had normal external examination

findings on the initial evaluation when unilateral CHL was the

sole reason for obtaining HRCT. 3D volumetric reconstruction of

the CT dataset may be useful in assessing minor external ear mal-

formations to aid in a potential diagnosis. Bilateral EAC stenosis

would be more difficult to evaluate by imaging without the con-

tralateral ear for comparison. However, most patients, approxi-

mately two-thirds, with congenital EAC stenosis have unilateral dis-

ease, which would facilitate an imaging diagnosis.14 Patients with

syndromic associations are also more commonly associated with bi-

lateral involvement and would be identified clinically.15 Patients pre-

senting with unilateral CHL should be evaluated for mild stenosis of

the external auditory canal on HRCT, especially because anomalies

of the external ear can be subtle or absent on physical examination.

Development of a simple normative EAC diameter may be helpful to

evaluate the child with bilateral CHL.

Middle ear and ossicular anomalies are more common in chil-

dren presenting with CHL and EAC stenosis.15 The present study

identified characteristic fixation abnormalities of the ossicles in

this group of patients. High-resolution CT in the present study

demonstrated that the malleus handle was laterally displaced

from the cochlear promontory. Most commonly, this displace-

ment appears to relate to anterior rotation of the handle with

anterior fixation to the anterior tympanic annulus. Additional

indirect signs such as narrowing of the Prussak space on the af-

fected side can be very helpful in identifying ossicular anomalies if

they are not readily apparent. The incudostapedial angle was also

consistently increased on the affected side but remained �120° in

all affected ears. An incudostapedial angle of �120° has been as-

sociated with a good surgical prognosis.16

Mayer et al10 found the oval window to be absent in one-third

of the patients with EAC stenosis or atresia and noted no signifi-

cant correlation with the degree of associated external ear abnor-

mality. A main predictor of the success of ossicular reconstruction

is the patency of the oval window, and all were widely patent in the

present study.4 The limited number in our group that had surgery

had excellent hearing results.

Malposition of the facial nerve has been reported in mild mi-

crotia in up to half of patients.9 This is typically manifested by

anterior displacement of the mastoid segment. Only 1 patient in

this series had a mild anteriorly positioned mastoid segment. The

obstruction of access to the oval window by the anterolateral dis-

placement of the vertical segment of the facial canal was reported

in 41% of patients with atresia in the series by Dedhia et al.11 The

abnormal position of the facial nerve could potentially increase

the risk of injury to the nerve. There were no anomalies of the

tympanic segment of the facial nerve canal in this series, which

would have precluded surgical access to the oval window.

Potential limitations of our study include the use of search

criteria based on radiologic reports. This may significantly under-

estimate the incidence of such findings because the presence of

mild stenosis may be difficult to subjectively appreciate. The study

is also limited by the resultant small sample size and surgical cor-

relation in only 3 patients.

CONCLUSIONS
Patients presenting with unilateral conductive hearing loss should

be evaluated for mild EAC stenosis and potentially subtle but

characteristic ossicular malformations. Anomalies of the pinna

are commonly absent or subtle in this group of patients. System-

atic evaluation of the middle ear structures is suggested with eval-

uation of the distance from the cochlear promontory to the han-

dle of the malleus and the incudostapedial angle. These patients

typically have favorable anatomy for ossicular reconstruction.
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