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Temporal Bone1

HISTORY

A 36-year-old African-American woman who had a history of
fluctuating bilateral mixed hearing loss that was worse on the
left side than on the right complained of worsening of hearing
on the right side during follow-up. At physical examination,
she was a short obese woman who was wheelchair bound. The
scleras were discolored. The tympanic membranes were intact.
Audiogram findings demonstrated profound hearing loss on
the left side and moderately severe mixed conductive and
sensorineural hearing loss on the right side. In the past, she
had fluctuations in her hearing with overall progressive dete-
rioration; steroid treatment was unsuccessful. Unenhanced
computed tomographic (CT) scans of the petrous temporal
bones were obtained with a bone algorithm. Transverse scans
of the right side (Fig 1a, 1b) and coronal scans (Fig 1c, 1d) of
both sides were obtained.

IMAGING FINDINGS

CT scans were obtained as 1-mm sections in the transverse and
coronal planes without administration of intravenous contrast
material. The bone of the otic capsule is thickened but has a
much lower than normal attenuation (Fig 1). This undermin-
eralized bone pattern has a bilateral symmetric distribution

and extensive involvement around the cochleae, vestibules,
and semicircular canals and into the distal internal auditory
canals, with obliteration of the oval windows.

DISCUSSION

The differential diagnosis of symmetric bilateral otic capsule
demineralization, as demonstrated in this case, would include
osteogenesis imperfecta (OI), diffuse otosclerosis (otospongio-
sis), Paget disease, syphilitic involvement of the temporal
bone, and bilateral lytic metastases.

OI is one of the inherited connective tissue disorders that
results in brittle bones. The molecular defects reside in various
mutations that lead to decreased or defective type 1 collagen
synthesis (1–3). In greater than 90% of cases, OI results from
mutation in one of two genes: COL1A1 gene on chromosome
17 and COL1A2 gene on chromosome 7, which encode the
chains of type 1 collagen (1,4,5). The mode of inheritance is
variable, and clinical manifestations are heterogeneous. In ad-
dition to bone, OI may involve tendons, ligaments, skin,
scleras, dentin, fascia, and blood vessels.

The most commonly used classification is that developed by
Sillence and colleagues (6). Type 1 OI, which was previously
called OI tarda, is the most common form and is a mild-to-
moderate disorder inherited as an autosomal dominant trait
with varying expression, and it is associated with blue scleras
and hearing loss in 50% of patients (3). Type 2 OI, which is
lethal in the perinatal period and was previously known as OI
congenita, is the most severe form and is inherited as an
autosomal recessive trait. Types 3 and 4 OI have clinical man-
ifestations of intermediate severity between that of types 1 and
2 and are often associated with bone deformity, varying de-
grees of short stature, and hearing loss. Hearing loss commonly
occurs in patients with type 3 and occurs in some patients with
type 4 OI (3,6).

Loss of hearing is the least constant feature of OI, with an
occurrence that varies between 26% and 60% (7). The associ-
ation of OI, hearing loss, and blue scleras is often referred to as
van der Hoeve-de Kleyn syndrome, which was well described
in 1918 by these two authors (8). This syndrome usually occurs
in the late 2nd or early 3rd decade of life; younger patients
have a conductive hearing loss, whereas older patients have a
mixed or sensorineural hearing impairment (9).

Findings at histopathologic examination of specimens re-
moved from patients with OI provide some clues to the type of

Part 1 of this case appeared 4 months previously and may contain larger images.

Index terms:
Bones, osteochondrodysplasias, 20.1551, 30.1551, 40.1551
Diagnosis Please
Hearing loss
Temporal bone, CT, 21.1211

Published online before print
10.1148/radiol.2241001707

Radiology 2002; 224:166–170

1 From the Flinders University of South Australia (T.L.H.); and Depart-
ment of Radiology and Radiological Science, Neuroradiology Divi-
sion, Johns Hopkins Hospital, 600 N Wolfe St, Baltimore, MD 21287
(D.D.M.L., D.M.Y.). Received October 24, 2000; revision requested
December 6; revision received February 28, 2001; accepted March
16. Address correspondence to D.D.M.L. (e-mail: ddmlin@jhmi.edu).
© RSNA, 2002

166

R
a

d
io

lo
gy



hearing impairment that can be expected in these patients.
Temporal bone specimens removed from patients with OI con-
genita (ie, type 2) demonstrated markedly delayed and defi-
cient ossification in the three layers of the otic capsule (10).
Microfractures, deformities, and dehiscence may involve the
otic capsule and middle ear ossicles (10). Conductive hearing
loss is expected in these patients and is mainly due to fractures
that commonly involve the crus of the stapes or the handle of
the malleus. These fractures lead to discontinuity of the ossic-
ular chain or to fixation, by ankylosis, of the head of the
malleus to the medial attic wall (10,11). Adult-onset hearing
loss with OI congenita, therefore, can be a conductive type and
is not always progressive (11). Reports of OI tarda (type 1) are
somewhat scant since the availability of specimens depends on
surgical procedures or autopsies.

Nevertheless, a few reports of type 1 and 4 OI show extensive
bony labyrinth involvement by the otosclerotic or spongiotic
foci that can affect all parts of the otic capsule, including the
vestibules and semicircular canals (11,12). Marked porosity can
also be seen in the ossicles and, at least in one case, bordering
the internal auditory meatus at the fundus (12). Not infre-
quently, otosclerosis can be found concurrently with OI, and
hearing loss can be due to otosclerosis, OI, or both (7,11). The
type of hearing impairment depends on the extent and site of
involvement of the otosclerotic bone dysplasia. Conductive

hearing loss often results from stapedial footplate fixation sec-
ondary to otosclerosis, and less frequently, it results from sta-
pedial crural fracture (11,13). Additional spongiotic foci with
involvement of the cochlear capsule and the cochlear prom-
ontory and destruction of cochlear and vestibular endochon-
dral bone will, in turn, contribute to progressive sensorineural
hearing loss (11).

Radiologically, OI of the temporal bone can be evaluated
with thin-section CT. There is a remarkable proliferation of
unmineralized bone involving all or part of the otic capsule
(14). This demineralization is similar to that in the cochlear
form of otosclerosis (or more appropriately termed, otospon-
giosis), and in some cases, the two entities cannot be differen-
tiated when there is diffuse otosclerosis (14,15). Bilateral in-
volvement is also common in otosclerosis and occurs in up to
90% of cases, and this bilateral involvement does not help in
the differentiation of the two entities.

Overall, the most common type of otosclerosis occurs in the
anterior oval window (ante fenestrum), and this type is called
fenestral otosclerosis. The other type, called retrofenestral or
cochlear otosclerosis, occurs around the cochlea, although it
rarely occurs without fenestral involvement. Since OI is a type
of systemic bone dysplasia, its involvement of temporal bone
tends to be much more extensive and symmetric than that in
otosclerosis. Given the severe degree and extent of the tempo-

Figure 1. Unenhanced CT scans of the petrous temporal bone in the right ear of the patient. (a, b) Transverse scans of the right side and
(c, d) coronal scans of both sides show that the otic capsules are markedly thickened and undermineralized in a bilateral and symmetric fashion,
with dysplastic bones (arrowheads in d) extending to the internal auditory canals (arrows in d).
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ral bone findings and clinical features, OI is the most likely
diagnosis.

A conventional radiograph of the tibia and fibula (Fig 2)
demonstrates multiple healed fractures of the tibia transfixed
by an intramedullary rod, as well as an un-united fracture
deformity of the middle fibular shaft. The bones are gracile and
osteoporotic, features that are characteristic of OI. Review of
the patient’s medical records confirmed that she had a clinical
diagnosis of type 1 OI, as did her son.

Since OI and otosclerosis seem to share many similar histo-
logic and radiographic features, their relationship is regarded
as controversial in the literature. Biochemical data, however,
have demonstrated dissimilar protein and certain enzyme con-
centrations in these two entities (16). Furthermore, histologic
analysis shows that although otosclerosis may occur as part of
the OI syndrome, it can be distinguished morphologically when
the two coexist, because OI involves all three layers of the otic
capsule (endosteum, endochondral layer, and periosteum),
whereas otosclerosis is limited to the endochondral layer (7,10).

As part of the work-up for this patient’s mixed hearing loss,
she underwent a magnetic resonance (MR) imaging examina-
tion (Fig 3) 6 years prior to undergoing CT. MR images of the
internal auditory canals are shown in Figure 3c and 3d as
T1-weighted images obtained before and after administration
of gadolinium-based contrast material (gadopentetate dime-
glumine, Magnevist; Berlex Laboratories, Wayne, NY). These
images demonstrate enhancement of the fundus of the distal
internal auditory canals and of the bones around the cochleae,
the vestibules, and the semicircular canals bilaterally. No mass
lesion is seen. This enhancement pattern of OI of the temporal
bone is an interesting finding that, to our knowledge, has not
been described in the literature.

Consistent enhancement, but to a varying degree, of lesions
in otosclerosis has, however, been observed at MR imaging
(17). Such enhancement is thought to be caused by pooling or
leaking of gadolinium-based contrast material into the vascu-
lar foci of spongiotic bone or, alternatively, caused by the
associated inflammation. Given the radiographic and some
histopathologic similarity between OI and otosclerosis, it is
not surprising to see also, in our case of OI, enhancement of
the otic capsule and distal internal auditory canal, where there
is extensive spongiotic involvement.

Paget disease (osteitis deformans) is a progressive bone dis-
ease of unknown cause that primarily involves the axial part of
the skeleton with a predilection for the pelvis, the femur, the
vertebra, and the skull (usually occurring in that order). As the
skull is commonly affected, it is always associated with squa-
mous temporal bone involvement, and the changes are ini-
tially lytic and typically begin in the petrous pyramid and
progress laterally. The involvement can be diffuse, demonstrat-
ing generalized and homogeneous demineralization with a
washed-out appearance on a CT scan (15).

The otic capsule is the last region to be affected, as opposed
to the finding in this case, in which it was predominantly
affected. When affected, the otic capsule may show a diffuse
lytic appearance with a smooth resorption or sclerosis in the
late phase. Moreover, pagetic involvement of the bony laby-
rinth is often asymmetric, in contradistinction to the pattern
of OI or otosclerosis. The patient’s age (36 years) mitigates
against Paget disease, which affects an older population. Paget
disease, therefore, is not the most likely diagnosis in this case.

Otosyphilis (luetic involvement of temporal bone) is a rare
disease, but its occurrence has risen with the acquired immu-
nodeficiency syndrome, or AIDS, epidemic (18). It can mani-

fest as labyrinthitis, gummatous lesion of the internal auditory
canal, and inflammatory resorptive osteitis (18–21). Luetic in-
volvement of the temporal bone manifests as a moth-eaten
permeative appearance and can cause secondary involvement
of the membranous labyrinth in the late congenital, late la-
tent, and tertiary stages of syphilis. Histologically, this osteitis
features round cell infiltration, multinucleated giant cells, and
endarteritis, all of which result in a varying degree of bony
labyrinth destruction (20). Otosyphilis, therefore, may simu-
late the demineralized appearance of OI and otosclerosis, but it
is typically accompanied by systemic manifestation of syphi-
litic infection.

Perhaps a more frequently encountered disease than oto-
syphilis that may simulate the imaging findings in this case
would be bilateral lytic osseous metastases. The bilateral symmet-
ric pattern of otic capsule involvement, with sparing of the re-
maining skull and temporal bone, would, however, be unusual.

Figure 2. Anteroposterior radiograph of the
right tibia and fibula reveals gracile and osteo-
porotic bones and multiple fracture deformi-
ties (arrows).
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On the basis of the history of discolored (blue) scleras, the
description of the patient’s appearance (short stature and
wheelchair bound), and the symmetric bilateral temporal bone
findings, OI is the most likely diagnosis.
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Figure 3. (a) Transverse T2-weighted MR image (repetition time msec/echo time msec, 2,500/80) obtained through the internal auditory canals
shows the internal auditory canals (black arrows), cochlea (white arrow), vestibule (small arrowhead), and lateral semicircular canal (large
arrowhead). (b) Transverse T1-weighted MR image (700/15) obtained after administration of gadolinium-based contrast material at the same level
as a shows enhancement of the bones around the distal internal auditory canals (squiggly arrows) and labyrinthine structures—cochlea (straight
arrow) and vestibular system (arrowheads). Coronal T1-weighted (700/15) MR images obtained (c) before and (d) after administration of contrast
material demonstrate that the enhancement is at least moderately intense. Note the enhancement around the distal internal auditory canal (arrow
in d) and labyrinthine structures (arrowheads in d) at this level.
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Our congratulations to the 157 individuals who submitted the most likely diagnosis (osteogenesis imperfecta of the temporal
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Pablo José Abbona, MD, Mar del Plata, Argentina
Hisashi Abe, Suita-city, Osaka, Japan
Emmanuel Agneessens, MD, Brussels, Belgium
Okan Akinci, MD, Haydarpasa, Istanbul, Turkey
Albert J. Alter, Madison, Wis
Arangasamy Anbarasu, MD, FRCR, Coventry, England
Roger L. Antonelli, MD, Dayton, Ohio
Yoshimi Anzai, MD, Seattle, Wash
Dean Baird, MD, Arlington, Va
Edward L. Baker, MD, San Francisco, Calif
Ken Baliga, Rockford, Ill
Dvorah Balsam, East Meadow, NY
Robert M. Barr, MD, Charlottte, NC
Sandip Basak, MD, Brookline, Mass
Mark L. Benson, MD, Wheeling, WVa
Thomas Berg, Iowa City, Iowa
Debra M. Berger, MD, New York, NY
Grazia Bitti, Cagliari, Italy
Jeffrey Black, Lafayette, Calif
Marcelo Bordalo Rodrigues, São Paulo, Brazil
Adrian Brady, FFRRCSI, Cork, Ireland
Eric L. Bressler, MD, Minnetonka, Minn
Daniel F. Broderick, MD, Jacksonville, Fla
Timothy Brown, MD, Hartford, Conn
Dr Tirso Cascajares Murillo, Los Mochis, Sinaloa, Mexico
Christophe J. Chagnaud, MD, Marseille, France
Nancy Chandler, MD, Mandeville, La
Bharath Chinta, Pontiac, Mich
Pablo Cikman, MD, Cordoba, Argentina
David J. Cohen, MD, Cocoa Beach, Fla
James W. Cole, MD, Cincinnati, Ohio
Libby Cone, MD, Philadelphia, Pa
Y. S. Cordoliani, MD, Paris, France
Flavio Corti, MD, Mar del Plata, Argentina
Dr Jimena Curelli, Cordoba, Mar del Plata, Argentina
M. G. de Baets, MD, Lugano, Switzerland
Alejandro de la Vega, MD, Buenos Aires, Argentina
J. F. K. de Villiers, MMed (RadD), Gisborne, New Zealand
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Dr Estela Di Nella, Mar del Plata, Argentina
Deborah DiPersio, MD, PhD, Salisbury, NC
Florence Duchateau, MD, Tournai, Belgium
Martin R. Engel, Nevada City, Calif
Shella Farooki, MD, Dublin, Ohio
Gabriel C. Fernández Pérez, Vigo, Spain
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