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CT and MR of Temporal Bone Malignancies Primary and Secondary

to Parotid Carcinoma

Sandra W. Horowitz, John P. Leonetti, Behrooz Azar-Kia, Michael Fine, and Ricardo lzquierdo

PURPOSE: To review the CT and MR characteristics of temporal bone malignancy, and to evaluate
the relationship between malignancies of the temporal bone and parotid gland. METHODS: A
group of 15 surgical patients with diagnosis of temporal bone malignancy were retrospectively
reviewed. These included 11 cases of primary temporal bone malignancy and four cases of
secondary carcinoma of the temporal bone from a primary tumor of the parotid gland. Three
primary temporal bone malignancies were recurrences, and two secondary tumors were parotid
recurrences. RESULTS: Five of the 11 patients with primary temporal bone malignancy had
parotid infiltration (45%). All four patients with secondary temporal bone destruction caused by
parotid carcinoma had erosion of the mastoid, two with erosion of the external auditory canal,
and one of the middle ear. CONCLUSIONS: It is important radiographically to recognize the close
relationship between malignancies of the temporal bone and parotid gland, because either may
secondarily invade the other. Suspicion of malignancy in either the temporal bone or parotid gland
necessitates complete imaging of the other structure. Temporal bone or skull base erosion were
best seen on CT at bone algorithm. MR with and without infusion provided excellent delineation
of soft-tissue tumor margins, muscle infiltration, intracranial extension, and vascular encasement.

Index terms: Temporal bone, computed tomography; Temporal bone, magnetic resonance;
Temporal bone, neoplasms; Parotid gland, neoplasms
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There is a diverse group of malignant neo-
plasms that originate in or extend to the temporal
bone, the most common being squamous cell
carcinoma, basal cell carcinoma, and parotid ma-
lignancies (1). The role of radiology includes: 1)
diagnosis of malignancy by bone erosion of the
external auditory canal most commonly, but also
of middle ear and mastoid; and 2) preoperative
delineation of disease extent beyond the external
auditory canal and middle ear (2).

Surgical resection of basal cell carcinoma has
an excellent prognosis, but the prognosis of squa-
mous cell carcinoma of the temporal bone is poor
and is mostly related to tumor extent at presen-

Received February 26, 1993; accepted after revision June 21.

From the Departments of Radiology (S.W.H., B.A.-K., M.F.), Otolar-
yngology (J.P.L.), and Plastic Surgery (R.l.), Loyola University Chicago
Medical Center, Maywood, IIl.

Address reprint requests to Sandra W. Horowitz, MD, Department of
Radiology, Loyola University Medical Center, 2160 South First Ave,
Maywood, IL 60153.

AJNR 15:755-762, Apr 1994 0195-6108/94/1504-0755
© American Society of Neuroradiology

755

tation. There is little chance for cure when tumor
is left behind at the time of surgery (1-5). Thus,
accurate preoperative radiologic assessment of
temporal and extratemporal extent of tumor is
important.

The purpose of this study was to review the
magnetic resonance (MR) and computed tomo-
graphic (CT) characteristics of temporal bone
malignancy, examine the relationship between
malignancies of the temporal bone and parotid
gland, and advise appropriate radiologic exami-
nation to permit best preoperative assessment of
tumor extent.

Methods

CT and MR scans of a group of 15 surgical patients with
temporal bone malignancy were retrospectively reviewed.
These tumors included both primary and secondary tem-
poral bone malignancy. The CT and MR scans were ana-
lyzed for sites of bone erosion at temporal bone and skull
base, sites of soft-tissue involvement including parotid
gland, infratemporal fossa, and intracranial extension, and
vascular involvement of the jugular bulb, sigmoid sinus,
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Fig. 1. Squamous cell carcinoma
of temporal bone with infiltration of
the parotid gland and middle fossa.
Temporal bone CT scan demonstrates
bone erosion of the external auditory
canal roof and floor (A) and the teg-
men of the middle ear (arrow) (B). CT
shows bone erosion of the middle cra-
nial fossa floor (arrow) (C), but postin-
fusion MR (800/10/3 [repetition time/
echo time/excitations]) best shows in-
tracranial extension (arrow) (D). E, Tu-
mor (arrowhead) infiltration of parotid
gland (P) seen on preinfusion MR (500/
10). Temporomandibular joint involve-
ment is best seen on sagittal MR (E)
but is also seen on CT (A and C). The
arrow indicates the eroded floor of the
middle cranial fossa.

and internal carotid artery. Correlation with surgery and
pathology reports was obtained in all cases.

Temporal bone CT was performed on a General Electric
(Milwaukee, Wis) 9800 unit with 1.5-mm consecutive sec-
tions obtained in coronal and axial planes at bone algorithm
and filmed at extended scale, window 4000. Section thick-
ness of soft-tissue CT windows varied from 1.5 mm to 3
mm to 5 mm. Contrast-enhanced CT scans were obtained
on 12 of the 15 patients. MR scans were performed on a
GE Signa 1.5-T unit, including preinfusion T1-weighted
and T2-weighted sequences and postinfusion T1-weighted
sequences after intravenous injection of 0.1 mmol/kg of
gadopentatate dimeglumine. All three planes were included
on T1-weighted MR sequences of the temporal bones at a
3-mm section thickness, interleaved.

Results

Of the 15 patients with temporal bone malig-
nancy, eight were male and seven were female.
Mean age was 64 years old with a range of 16 to
90 years.
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Of the 11 cases of primary temporal bone
malignancy, basal cell carcinoma (three patients),
squamous cell carcinoma (five patients), adeno-
carcinoma (two patients), and osteosarcoma (one
patient), three were recurrences. There were four
cases of temporal bone carcinoma secondary to
primary parotid malignancy: squamous cell car-
cinoma (one patient), high-grade mucoepider-
moid carcinoma (two patients, one recurrent),
and adenoid cystic carcinoma (one patient, re-
current).

Overall, sites of temporal bone destruction
were seen best on thin-cut CT with bone algo-
rithm. The most common sites of bone destruc-
tion seen on CT in cases of primary temporal
bone carcinoma were the external auditory canal
(eight patients) (Fig 1), middle ear (seven patients)
(Fig 1), and mastoid (five patients) (Fig 2). In
cases of primary parotid carcinoma involving the
temporal bone, all four patients showed mastoid
destruction (three of four at inferior mastoid),
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Fig. 2. Recurrent basal cell carcinoma of right ear.
A and B, CT shows bone erosion of inferior mastoid and styloid
process (arrows).

with erosion of the external auditory canal in two
patients and the middle ear in one patient (Fig 3).
Mastoid erosion was seen on MR in some cases
as loss of hypointense cortex, but in one case,
MR failed to delineate mastoid cortical erosion,
showing increased signal intensity in mastoid air
cells on T1-weighted and T2-weighted sequences.

Other sites of bone destruction in a smaller
number of patients, listed in Table 1, included
the floor of middle cranial fossa (Fig 1), posterior
fossa (Figs 4 and 5), jugular bulb (Figs 4 and 5),
carotid canal, petrous apex (Fig 5), clivus, and
foramen magnum. Bone erosion of middle cranial
fossa and posterior fossa was seen on both CT
and MR in some cases, but in one case, MR failed
to show a defect in the sinodural plate visible on
CT because both the dura and cortex are hypo-
dense on MR, precluding differentiation. CT best
detected bone erosion of middle and posterior
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fossa; intracranial soft tissue extension into the
middle (Fig 1) and posterior fossa (Fig 4) was
seen best on postinfusion MR.

Bone destruction of carotid canal and jugular
fossa was seen best on CT (Fig 5) with only one
case of CT failure to detect jugular fossa destruc-
tion. MR delineated involvement of the internal
carotid artery and jugular bulb by enhancing
tumor adjacent to signal flow void of the carotid
or by obliterating flow enhancement at the jugular
bulb or sigmoid sinus (Fig 4). Although CT best
detected bone destruction, MR was considered to
be better for evaluation of patency, obstruction,
or encasement of carotid, jugular, and dural si-
nuses.

Glenoid fossa erosion in four patients with
primary temporal bone malignancy was seen on
both CT and MR (Figs 1 and 6) without destruc-
tion of the mandibular condylar head. Soft-tissue
tumor extension into the joint space was seen
particularly well on sagittal MR.

Sites of soft-tissue extension of temporal bone
malignancy, listed in Table 2, include infratem-
poral fossa (Figs 6 and 7) and parapharyngeal
space. Soft-tissue tumor margins (Fig 7) and
infiltration of adjacent masseter and pterygoid
muscles were better seen on postinfused MR than
on CT (not shown). Encasement of internal ca-
rotid artery by parapharyngeal tumor extension
was better seen on MR because of signal flow
void.

Parotid infiltration by primary temporal bone
malignancy was present in five of 11 patients
(Figs 1, 6, and 7) and was seen on MR in three
planes (seen best on coronal or sagittal) and on
soft-tissue CT windows of parotid, not on the
bone algorithm CT of the temporal bones.

CT appearance of the parotid gland in all four
patients with primary parotid malignancy (and
secondary temporal bone involvement) showed
irregular borders of the parotid tumors (Fig 3).
The area of tumor involvement within the parotid
gland included both deep and superficial lobes in
three of four patients and deep lobe alone in one
of four patients. Density of parotid tumor was
higher than that of normal parotid gland on CT,
some being heterogeneous. MR signal intensity
of the parotid tumors was low on T1-weighted
images. On T2-weighted images, signal intensity
was predominantly low (three of four patients); it
was hyperintense in one patient and inhomoge-
neous in one patient. All four parotid tumors
enhanced after infusion; three were inhomoge-
neously and one densely homogeneous, the one
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Fig. 3. Adenoid cystic carcinoma of the parotid gland, recurrent to temporal bone.

A, Large high-attenuation mass with irregular tumor margins, replacing most of the left parotid gland, both superficial and deep
lobes. Parotidectomy, mastoidectomy, and neck dissection were then performed. Three years later preinfusion (B) and postinfusion (C)
MR (550/20) shows densely enhancing tumor recurrence at the middle ear (arrows).

patient with recurrent adenoid cystic carcinoma
to temporal bone (Fig 3).

Discussion

A diverse group of malignant neoplasms orig-
inate in or extend to the temporal bone, the most
common being squamous cell carcinoma, basal
cell carcinoma, and parotid malignancies (1).
Squamous cell carcinoma is the most common
malignancy of the temporal bone, but it is still
relatively rare, beginning in the external auditory
canal (most common), skin, or middle ear (6, 7).
[t may not be possible to determine whether
tumor began in the deep bony external auditory
canal and invaded the middle ear or vice versa,
because in most cases both regions will be in-

Fig. 4. Low-grade cystic papillary adeno-
carcinoma of temporal bone with posterior
fossa extension.

A and B, Postinfusion MR (600/20)
shows an enhancing mass that extends into
the posterior fossa (arrow), extends below
the skull base (open arrows), abuts the in-
ternal auditory canal (arrowhead), and oblit-
erates the jugular bulb and sigmoid sinus.

volved at time of presentation (8). The aggressive
parotid malignancies which may extend to the
temporal bone include high-grade mucoepider-
moid, undifferentiated, squamous cell, and ade-
nocarcinoma (9, 10). Less common tumors of the
temporal bone include adenocarcinoma, adenoid
cystic carcinoma, metastases, and rhabdomyosar-
coma in pediatric patients.

Recognition of the anatomic relationships be-
tween temporal bone, parotid gland, and facial
nerve is essential to understanding the spread of
neoplasm between these structures (Fig 8). The
parotid gland is anterior to the external auditory
canal and mastoid process. Primary malignancies
arising in the external auditory canal spread pri-
marily by direct extension into contiguous struc-
tures, anteriorly into the parotid gland and tem-
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Fig. 5. Adenocarcinoma of temporal bone. CT shows bone
destruction of margins of the posterior fossa, jugular bulb, carotid
canal, middle ear, and petrous apex. A contrast-filled balloon is
in the cavernous carotid (second balloon in the high cervical
carotid, not shown).

poromandibular joint, and posteriorly into the
mastoid air cell system (5, 11). The parotid gland
is important in control of temporal bone malig-
nancy (12). The superficial lobe of the parotid
gland can be the site of major lymphatic spread
from the cartilaginous canal; the deep lobe is the
site of lymphatic spread from the bony canal.
Tumor may spread to preauricular nodes and,
rarely, to cervical nodes. Tumor may spread
along vascular channels or nerve roots. Facial
nerve paralysis almost always indicates malig-
nancy in parotid tumors and is found in 40% of
malignant ear tumors (7, 13, 14).

In our patients, the reciprocal routes of exten-
sion between temporal bone malignancy and pa-
rotid malignancy included direct erosion of the
external auditory canal, temporomandibular joint,
and mastoid process, and possible perineural ex-
tension along the facial nerve with erosion of
mastoid and stylomastoid foramen.

The role of radiology in temporal bone carci-
noma includes: 1) diagnosis of temporal bone
malignancy using the most important radiologic
sign, bone erosion of the external auditory canal;
and 2) preoperative indication of the extent of
disease beyond the external auditory canal and
middle ear (2). Gross bone erosion may be seen
on MR as loss of the marked hypointensity of
petrous bone and mastoid cortex, but the fine
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detail of petrous bone erosion is best seen on
high-resolution bone algorithm CT of temporal
bone, with reported 93% to 98% accuracy in
determining extent of malignancy in resected
temporal bone specimens (3, 7, 12). A reported
limitation of CT is difficulty distinguishing be-
tween mucosal thickening and tumor in the mid-
dle ear in the absence of bone erosion. Avascular
labyrinthine bone is reportedly relatively unaf-
fected in temporal bone malignancy (11). One of
our cases, primary low-grade cystic papillary ad-

Fig. 6. Recurrent squamous cell carcinoma of the right tem-
poral bone. MR (600/20) shows soft-tissue mass at the parotid
gland (P), temporomandibular joint (j), and infratemporal fossa (i).

TABLE 1: Bone destruction, number of patients

Temporal

Bone Carcinoma

Sites of Bone Primary Temporal

Dstruction Bone Malignancy Seconda'ry t© s
Parotid
Carcinoma

External auditory 8 2 10

canal
Middle ear 4 1 8
Mastoid 5 4 9
Jugular bulb 2 1 3
Carotid canal 2 0 2
Internal auditory canal 1 0 1
Petrous apex 1 0 1
Clivus 2 0 2
Temporomandibular 4 0 4

joint
Floor of middle fossa 1 0 1

N
w

Posterior fossa
Foramen magnum 2 0 2

“ Patients were included in more than one category.
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TABLE 2: Soft tissue extension, number of patients

Temporal

Bone Carcinoma

Sites of Soft Tissue  Primary Temporal

. . Secondary to Total®
Extension Bone Malignancy Parotid
Carcinoma
Parotid 5 4 9
Infratemporal fossa 3 1 4
Parapharyngeal 1 0 1
Glenoid fossa 4 0 4
Intracranial middle 1 0 1
fossa
Intracranial posterior 2 1 3
fossa
Lymph nodes 1 2 3

“ Patients were included in more than 1 category.

enocarcinoma of the temporal bone, showed in-
ner ear involvement including labyrinth and in-
ternal auditory canal encroachment.

CT at bone algorithm can show bone erosion
beyond the middle ear; tumor can spread from
the middle ear inferiorly into the jugular fossa or
carotid canal or posteriorly through the sinodural
plate. Obstruction of the sigmoid sinus and en-
casement of the petrous internal carotid artery
are better detected on MR than CT, because of
the vascular signal void on preinfusion MR and
flow enhancement of the sigmoid on postinfusion
MR. A gradient-recalled acquisition in steady state
sequence or MR angiography are options during
MR for further evaluation of dural sinus and
internal carotid artery. Encroachment of the in-
ternal carotid artery shown by CT or MR may
necessitate four-vessel cerebral angiography with
balloon test occlusion if carotid resection is
needed.

Tumor can spread into middle cranial fossa
either from the middle ear through the tegmen
tympani or superiorly from the external auditory
canal or glenoid fossa of temporomandibular
joint. Although bone erosion of posterior fossa or
floor of middle cranial fossa may be seen with
either CT or MR, detection of bone destruction at
those sites is more sensitive with CT because the
hypointensity of dura is indistinguishable from
hypointensity of cortical bone on MR. However,
intracranial extension of tumor is best seen on
postinfusion MR.

MR with and without infusion provides excel-
lent delineation of soft-tissue tumor margins and
infratemporal muscle infiltration. Sagittal and cor-
onal planes are helpful to demonstrate contiguous
involvement of petrous and mastoid bones, tem-
poromandibular joint, infratemporal fossa, and
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Fig. 7. Osteosarcoma with destruction of temporal bone and
parotid infiltration.

A, CT preinfusion shows a mass (T) involving both superficial
and deep lobes of parotid without clear delineation of anterior and
medial tumor margins.

B, MR preinfusion (500/20) delineates tumor margins better
than CT and shows encasement of the left internal auditory canal
(arrow) by parapharyngeal extension (arrowhead).

Cand D, MR (450/20) shows temporal bone destruction at the
external auditory canal (C) and the middle ear (*) and mastoid (D)
(arrow). Infratemporal extension.
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External
auditory
canal

Mastoid

Main trunk of
facial n. emerging
from stylomastoid
~ foramen

after Netter

Fig. 8. The parotid gland lies anterior to
the external auditory canal and mastoid
process, and inferior to the external auditory
canal. The pathway of the facial nerve ex-
tends from the stylomastoid foramen, pro-
ceeds anterolateral to the digastric muscle
and lateral to styloid process, and enters the
parotid gland, where it lies lateral to retro-
mandibular vein.

parotid gland. Evaluation of tumor infiltration of
the parotid gland by temporal bone malignancy
requires specific attention to the parotid gland on
MR scan in three planes, or by soft-tissue CT of
the parotid gland in coronal and axial planes. The
small number of patients in our study does not
permit evaluation of whether MR or soft-tissue
CT is better to detect parotid infiltration.

With respect to temporal bone malignancy
secondary to parotid mass, high-grade aggressive
parotid tumors usually have irregular or poorly
defined margins, seen in all of our malignant
parotid lesions (15, 16). Although some CT and
MR features may be used to attempt to differen-
tiate between malignant and benign parotid dis-
ease, it is not possible to predict histology cor-
rectly in a substantial number of cases (16, 17).
Signal intensities of parotid malignancies were
low on T1-weighted sequences. Although Som
found consistently low signal intensity on T2-
weighted images of high-grade parotid carcinoma
(10), other authors have reported variable signal
intensity on T2-weighted sequences (17). Our
cases displayed variability in signal intensity on
T2-weighted images, more often hypointense,
but sometimes inhomogeneous or hyperintense.
All parotid tumors, primary or recurrent to tem-
poral bone, showed MR enhancement, ranging
from inhomogeneous to densely enhancing. In
particular, the parotid adenoid cystic carcinoma
recurrent to the temporal bone showed dense
homogeneous enhancement.

Parotid tumors invading the temporal bone can
cause bone erosion, usually of the mastoid tip or

stylomastoid foramen. Perineural extension along
the facial nerve can erode the bone around the
stylomastoid foramen or can enlarge the facial
nerve canal within the temporal bone.

Treatment and Prognosis of Primary Temporal
Bone Malignancy

Treatment of carcinoma of the temporal bone
is largely surgical, often combined with postop-
erative radiation therapy (12, 18-21). Some sur-
geons include either a superficial parotidectomy
or total parotidectomy for temporal bone carci-
noma and track the facial nerve from the stylo-
mastoid foramen into the parotid gland. Surgical
resection of basal cell carcinoma has an excellent
prognosis, but there is dismal 5-year survival with
squamous cell carcinoma of temporal bone. Pre-
dictors of poor survival include extensive tumor,
middle ear involvement, facial nerve paralysis,
and cervical or periparotid lymphadenopathy.
There is a high rate of postoperative local recur-
rence of squamous cell carcinoma and little
chance for cure when tumor is left behind at the
time of surgery, so accurate preoperative radio-
logic assessment of temporal and extratemporal
tumor extent is essential.

Treatment and Prognosis of Parotid Carcinoma
with Spread to Temporal Bone

Treatment for those parotid malignancies with
extraparotid extension (grade IV) to temporal
bone and skull base is radical parotidectomy,
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subtotal petrosectomy, possible neck dissection,
and routine postoperative radiation therapy (22).
Recurrences are frequent in parotid cancer, the
majority being local recurrences (22, 23). High-
grade lesions and tumors with perineural invasion
recur more frequently (14). Once recurrence de-
velops, treatment by any means is not very
effective, with survival being only a few years
(10, 14, 24-27).

In summary, it is important radiographically to
recognize the close relationship between malig-
nancies of the temporal bone and parotid gland,
because either may secondarily invade the other.
Suspicion of malignancy in either the temporal
bone or the parotid gland necessitates complete
imaging of the other structure. Patients with sus-
pected malignancy of the temporal bone should
have either CT or MR examinations including the
parotid gland. In patients with suggested parotid
malignancy, thin-cut high-resolution CT of the
temporal bone is needed for complete evaluation.
Sites of bone erosion at the temporal bone and
skull base were best seen on CT at bone algo-
rithm. MR with and without infusion provides
excellent delineation of soft-tissue tumor margins,
muscle infiltration, intracranial extension, and
vascular encasement.
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