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bstract

urpose: To investigate the CT and MR imaging features of pleomorphic adenoma in the head and neck area.
aterials and methods: Our materials of this study consisted of 50 pleomorphic adenomas from 50 patients which were all histopathologically

iagnosed. The CT and MR images were retrospectively evaluated. The following features were evaluated: the detectability of the lesion, the
umor margin, the border of the lesion, the aspect of the lesion, the contrast between the lesion and surrounding tissue, the signal intensity of the
esion, the enhancement of contrast medium, the aspect of the lesion after the injection of contrast medium, the detectability of the capsule, and
he detectability of bone resorption of the lesion.
esults: The tumor detectabilities were 77% on axial plain CT images and 90% on axial CE CT images, respectively. On CT images, pleomorphic
denoma tended to show a well-defined margin, a smooth border, an inhomogeneous aspect, a low or high contrast, and intermediate or high signal
ntensity. After contrast medium administration, pleomorphic adenoma tended to show a slightly high enhancement and either an inhomogeneous
r a periphery enhancement on the CE CT images. The capsule could be hardly detected on CT images. The tumor detectabilities were 86% on axial
1-weighted MR images, 88% on axial T2-weighted MR images, and 85% on axial CE T1-weighted MR images, respectively. On MR images,
leomorphic adenomas tended to show well-defined margin, a lobulate border, an inhomogeneous aspect, a high contrast, and intermediate or high

ignal intensity. After contrast medium administration, pleomorphic adenoma tended to show a high enhancement and either an inhomogeneous
r a periphery enhancement on MR images. The capsule could be detected in many cases on MR images.
onclusions: It was possible to detect the capsule in pleomorphic adenoma using MR images. The pleomorphic adenomas in head and neck area

hould be evaluated with MR images.
2007 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Pleomorphic adenoma is the most common salivary gland

umor in both the major and minor salivary glands. It repre-
ents from 60% to 80% of all benign tumors in major salivary
lands and 40–70% of minor salivary glands [1,2]. Generally,
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leomorphic adenoma is treated by a surgical excision with wide
argins [2]. Therefore, preoperative imaging examinations play

n important role in surgical planning.
Diagnostic imaging of salivary glands has been revolution-

zed with the advent of cross-sectional imaging modalities such
s CT and MR imaging [3]. Although the MR imaging find-
ngs of pleomorphic adenoma have been well described in many
apers [4–12], there have been few reports on the CT appearance
f pleomorphic adenoma [6,13–15]. Numerous reports have

een published on the CT and/or MR imaging features for pleo-
orphic adenoma of the parotid gland [4–12]. However, only a

ew papers have so far been reported about the CT and/or MR
maging features of pleomorphic adenoma of the submandibular
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land [13,16] or minor salivary gland [17] because of the rarity
f the disease.

Pleomorphic adenoma in head and neck area is treated in
edical and dental hospital. At dental hospital, numerous lesions

n oral cavity are treated in a large number of cases including
leomorphic adenoma.

The purpose of this study was therefore to investigate the
T and MRI features of 50 pleomorphic adenomas in the major
nd minor salivary glands during a period of 18 years at our
nstitution.

. Materials and methods

Our materials of this study consisted of 50 primary benign
leomorphic adenomas from 50 patients which were histopatho-
ogically diagnosed at Osaka University Dental Hospital
etween March 1985 and September 2003. The histopatholog-
cal diagnoses of all tumors were proved by surgical operation
nd the location of the tumors were confirmed by surgeon. The
ubjects included 15 males and 35 females, ranging in age from
7 to 78 years of age (median 46 years of age). Table 1 summa-
izes the patients’ characteristics, tumor site, and the imaging
odality used. The CT and MR images of these patients were

etrospectively evaluated.
CT images were obtained with CT scanners (CT9200,

OKOGAWA, Japan or Light Speed QX/i, General Electric,
ilwaukee, WI) at 120 kV and 160–250 mA in 44 patients.
n CT, the tumors were studied using the axial plane with

he X-ray beam parallel to the occlusal plane or mandibu-
ar plane and sometimes using the direct coronal plane. After
multi-detector CT became available, we also made coro-
al reformatted images. The field of view was 24 × 24 cm.
he matrix size was 256 × 256 or 512 × 512, and the slice

hickness was 2.5–5 mm with no inter-slice spacing. The

able 1
atient and examination characteristics

ase 50
ender
Male 15
Female 35

ge
Median 46
Minimum 17
Maximum 78

ite
Palate 23
Parotid gland 12
Submandibular gland 11
Sublingual gland 1
Oral floor 1
Maxilla 1
Cheek 1

xaminations
CT only 22
MR only 6
CT and MR 22
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ontrast medium iohexol (Omnipaque 300, Daiichi Pharma-
euticals Co. Ltd., Tokyo, Japan or Iopamiron 300, Nihon
chering Co., Osaka, Japan) at a dose of 100 ml was intra-
enously administered in 41 patients. We did not obtain
ontrast enhanced (CE) CT images from the remaining three
atients. Although the precise timing varied minimally from
atient to patient, our typical scanning sequence consisted
f an initial IV bolus injection of 70 ml at 0.6 ml/s, fol-
owed by dynamic injection of 30 ml at 0.3 ml/s and scanned
imultaneously.

MR images were obtained with a 0.5 T superconducting
agnet scanner (VISTA E50, Fuji Electric, Japan) or 1.5 T

uperconducting magnet scanners (Signa Horizon or Signa
X, General Electric, Milwaukee, WI) equipped with a head
oil in 28 patients. The scan protocol included T1-weighted
400–670/9–25/1–2; TR (ms)/TE (ms)/NEX) spin–echo (SE)
equences and T2-weighted (2000–4500/98–161/1–2) SE
equences with or without a fat suppression (FS) technique in at
east one orthogonal plane. In 26 patients, gadopentetate dimeg-
umine (Gd-DTPA) (Magnevist, Nihon Schering Co., Osaka,
apan) was intravenously administered and the T1-weighted
E sequences using the FS technique were repeated before
nd after the contrast medium was administered. The typical
canning sequence consisted of IV bolus injection of 10 or
5 ml at approximately 1 ml/s, followed by 1 min delay and
canned. The field of view was 24 × 24 cm. The matrix size
as 256–512 × 192–256, and the slice thickness was 4.5–5 mm
ith 0.5–1 mm inter-slice spacing. Initially, we did not use the

hemical shift selective FS technique for the T2-weighted MR
mages (n = 5). Thereafter, we routinely used the T2-weighted
E sequence with the chemical shift selective FS technique
n = 21).

The following features were evaluated on the CT and MR
mages by three radiologists without the knowledge of tumor
ocation and size: the detectability of the lesion, the tumor mar-
in, the border of the lesion, the aspect of the lesion, the contrast
etween the lesion and surrounding tissue, the signal intensity
f the lesion, the enhancement of contrast medium, the aspect of
he lesion after the injection of contrast medium, the detectabil-
ty of the capsule, and the detectability of bone resorption of the
esion.

The detectability of the lesion was classified as either pos-
tive or negative. The tumor margin was classified as either
ell-defined or ill-defined. The border of the lesion was clas-

ified as either smooth or lobulate. The aspect of the lesion
as classified as either homogeneous or inhomogeneous. The

ontrast between the lesion and the surrounding tissue was
lassified as either high or low. The signal intensity of the
esion in relation to the adjacent muscle was classified into
our groups: high, intermediate, low, or mixed with high and
ow. The enhancement of contrast medium was classified as
igh or low. The aspect of the lesion after the injection of
ontrast medium was classified as either homogeneous, inho-

ogeneous, or only in the periphery. The detectability of the

apsule was classified as either positive or negative. In addi-
ion, bone resorption was also classified as either positive or
egative.
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. Results

.1. CT image findings

The findings on CT images are shown in Table 2. Table 2
hows the findings of all cases, including the palate cases find-
ngs (Fig. 1), the parotid gland cases findings (Fig. 2), and the
ubmandibular cases findings (Fig. 3), respectively.

The tumor detectabilities were 77% on axial plain CT images,
0% on axial CE CT images, respectively. The tumor could be
etected in only 2 of 12 palate cases on the coronal CE CT
mages.

The tumor margin was well-defined in many cases on all CT
mages (73–92%). The border of the lesion on the CT images

ended to be smooth (55–62%). The aspect of the tumor on
lain CT images tended to be inhomogeneous (71%). The con-
rast between the lesion and the surrounding tissue on plain CT
mages (56%) tended to be low, while that of CE CT images

l
p
p
c

able 2
ummary of CT image findings

umber: all cases (percentage) (palate cases/parotid gland cases/submandibular gland
edium.
of Radiology 69 (2009) 464–472

ended to be high (81 or 55%). The signal intensity on plain
T images showed an intermediate signal intensity (82%) and

hat on CE CT images showed from intermediate to high signal
ntensity. The enhancement of contrast medium tended to be high
n CT (51 or 64%). The aspect after contrast medium adminis-
ration showed an inhomogeneous enhancement (78 or 91%) or
nly in the periphery enhancement (22 or 9%) on CE CT images.
he capsule could hardly be detected on CT images (0–5%).
one resorption was confirmed in 16 of the palate (n = 15) or
axilla (n = 1) cases based on the surgical findings. Bone resorp-

ion tended to be positive on axial plain and CE CT images (60
r 79%), but negative on coronal CE CT images (20%).

Pleomorphic adenoma showed similar findings regarding
lmost all features in the palate, parotid gland, and submandibu-

ar gland on CT images. However, the border of the lesion in the
arotid gland on CT images showed lobulate, while that in the
alate or submandibular gland showed smooth. Regarding the
ontrast between the lesion and surrounding tissue, the parotid

cases). FS, fat suppression technique; CE, contrast enhancement; CM, contrast
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Fig. 1. Pleomorphic adenoma of the palate in a 59-year-old male. The well-defined margin and smooth border tumor (arrows) and bone resorption (arrowheads)
can be detected on CT and MR images. (A) The tumor shows inhomogeneous intermediate signal intensity on a plain CT image. (B) After contrast medium
a age.
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dministration the tumor shows an inhomogeneous enhancement on a CE CT im
D) The T2-weighted MR image with FS technique shows inhomogeneous hig
n inhomogeneous enhancement on the CE T1-weighted image using the FS t
1-weighted MR image using the FS technique.

land cases tended to show high, while the palate and sub-
andibular gland cases tended to show low on plain CT images.
he mixed signal intensity included in four of seven parotid
land cases. Concerning the enhancement of contrast medium,
he parotid and submandibular cases tended to show high on
xial CE CT images, but the palate cases tended to show low.
.2. MR image findings

The findings on MR images are shown in Table 3. Table 3
hows the findings of all cases, including the palate cases find-
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(C) The T1-weighted MR image shows an intermediate signal intensity mass.
al intensity mass. (E) After contrast medium administration the tumor shows

que. (F) Bone resorption of the palatal bone can be detected on a coronal CE

ngs (Fig. 1), the parotid gland cases findings (Fig. 2), and the
ubmandibular cases findings (Fig. 3), respectively.

The tumor detectabilities were 86% on axial T1-weighted
R images, 88% on axial T2-weighted MR images, and 85%

n axial CE T1-weighted MR images, respectively.
The tumor margin was well-defined in many cases on all MR

mages (91–100%). The border of the lesion tended to be lobu-
ated on the MR images, except for on axial T1-weighted MR

mages. The aspect of the tumor on T1-weighted MR images
ended to be homogeneous (54%), while that on T2-weighted

R images tended to be inhomogeneous (91 or 100%). The
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Fig. 2. Pleomorphic adenoma of the parotid gland in a 57-year-old female. A well-defined margin tumor (arrows) can be detected on both CT and MR images.
The CT image shows calcification in the tumor (arrowheads). (A) The tumor shows an inhomogeneous intermediate signal intensity on a plain CT image. (B) After
contrast medium administration the tumor shows an inhomogeneous enhancement on a CE CT image. (C) The axial T1-weighted MR image shows an intermediate
signal intensity mass. (D) On an axial T2-weighted MR image using the FS technique, the tumor shows an inhomogeneous high signal intensity mass and the capsule
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an also be detected. (E) The tumor shows a lobulated border on a coronal T2-w
he tumor shows an inhomogeneous enhancement on a CE T1-weighted image

ontrast between the lesion and the surrounding tissue tended to
e high on T1-weighted (67%), T2-weighted (96 or 90%), and
E T1-weighted MR images (68 or 83%). The signal intensity
n T1-weighted MR images (75%) showed an intermediate sig-
al intensity, while that on the T2-weighted (96 or 90%) and
E T1-weighted (77 or 70%) MR images showed a high signal
ntensity. The enhancement of contrast medium tended to be high
n MR images (87%). The aspect after contrast medium admin-
stration showed an inhomogeneous enhancement (73 or 70%)
r only in the periphery enhancement (23 or 26%) in almost all

a
l
p

d MR image using the FS technique. (F) After contrast medium administration
the FS technique.

ases on the MR images. The capsule could hardly be detected
n T1-weighted MR images (33%). However, the capsule could
e detected in many cases on the T2-weighted (87 or 90%) and
E T1-weighted (64 or 57%) images. Bone resorption was con-
rmed in five of the palate cases based on the surgical findings.
one resorption tended to be positive on MR (60–75%) images.
Pleomorphic adenoma showed similar findings regarding
lmost all features in the palate, parotid gland, and submandibu-
ar gland on MR images. However, the border of the lesion in the
arotid and submandibular gland on MR images tended to show
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Fig. 3. Pleomorphic adenoma of the submandibular gland in a 55-year-old female. A well-defined margin and smooth border tumor (arrows) can be detected on the
CT and MR images. (A) The tumor shows a homogeneous intermediate signal intensity on a plain CT image. (B) After contrast medium administration the tumor
shows a low signal intensity and an inhomogeneous enhancement on an axial CE CT image. (C) The tumor shows a low signal intensity on a coronal reformatted
CE CT image. (D) The axial T1-weighted MR image shows an intermediate signal intensity mass. (E) On an axial T2-weighted MR image using the FS technique,
t r sho
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he tumor shows an inhomogeneous high signal intensity mass. (F) The tumo
2-weighted MR image using the FS technique.

obulate, while that in the palate showed smooth. The mixed
ignal intensity included only in parotid gland cases.

. Discussion
The salivary gland neoplasms represent less than 3% of all
ead and neck tumors. From 70% to 80% of parotid gland
umors, 40–58% of submandibular gland tumors, 15–30% of
ublingual gland tumors, and 20–51% of minor salivary gland

a
M
b
t

ws a lobulated border and inhomogeneous high signal intensity on a coronal

umors are benign [1]. Pleomorphic adenoma is the most com-
on salivary gland tumors involving both the major and minor

alivary gland [2]. Parotid pleomorphic adenomas are almost
lways treated by either a superficial or total parotidectomy with
preservation of the facial nerve. Submandibular pleomorphic
denomas are generally treated by a total excision of the gland.
inor salivary gland pleomorphic adenomas are best treated

y a total excision which includes the rim of the surrounding
issue [2]. Therefore, the tumor detection and the appropriate
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Table 3
Summary of MR image findings
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or delineating the extent of pleomorphic adenoma are essential
efore surgery.

The recurrence rate of pleomorphic adenoma has been
eported to range between 1% and 50% [1]. The recurrence
ate is related to the surgical procedure. The studies, which
ncluded patients who were treated by enucleation, demon-
trated a high recurrence rate. The malignant degeneration of
leomorphic adenoma has been reported to range approxi-
ately from 2% to 5% [1]. However, it has been estimated

hat nearly 25% of all pleomorphic adenomas may undergo
alignant change if left untreated, and concerned the duration

1,18,19]. Because of this high rate of the malignant degen-
ration, pleomorphic adenomas must therefore be completely
esected.

In the present study, pleomorphic adenomas in the palate were
ncluded in nearly the same cases of pleomorphic adenomas in
arotid gland and submandibular gland. These ratios regarding
he site of pleomorphic adenoma were different in comparison
hose described in a previous report [1]. This study was per-
ormed at a dental hospital. At dental hospitals, numerous lesions
n oral cavity are treated in a large number of cases. Therefore,
alate cases are thus considered to make up a majority of such
ases.

In our data, the tumor detectability on axial MR images was
lmost the same as that on CT images. However, the tumor

etectability of the coronal CE CT images was lower than the
ther images. The reasons why the tumor could not be detected
n CT and/or MR images were due to the lack of contrast
etween the tumor and the surrounding tissue, metallic artifacts,

r
n
t

cases). FS, fat suppression technique; CE, contrast enhancement; CM, contrast

r small tumors which were surgically proven to measure 3 mm
r less in size.

The CT image appearance of pleomorphic adenoma has been
eported to be either a smoothly marginated tumor, a spher-
cal small tumor or a lobulated large tumor [1,14,15]. After
ontrast medium administration pleomorphic adenoma tends to
how variable enhancement on CT [1]. Bogaert et al. reported
hat pleomorphic adenoma of the parotid gland showed an
nhomogeneous pattern on CT images in a majority of cases
14]. Lev et al. reported that a delayed CT enhancement was
ound in pleomorphic adenomas of the parotid gland, with an
ncreasingly homogeneous filling in contrast materials over time
15].

Regarding our data of CT images, pleomorphic adenoma
ended to show a well-defined margin (73–92%), a smooth bor-
er (55–62%), an inhomogeneous aspect (71%), a low contrast
etween the tumor and the surrounding tissue (56%) on plain CT
mages and a high contrast (55 or 81%) on CE CT images, and
n intermediate signal intensity (82%) on plain CT images and
ntermediate or high signal intensity on CE CT images. After
ontrast medium administration, pleomorphic adenoma tended
o show a slightly high enhancement (51 or 64%) and either an
nhomogeneous (78 or 91%) or a periphery (22 or 9%) enhance-

ent on the CE CT images. We did not evaluate pleomorphic
denomas by enhanced CT at the late phase.
The MR image appearance of pleomorphic adenoma has been
eported to be homogeneous with an intermediate to low sig-
al intensity on the T1-weighted images, an inhomogeneous
o high signal intensity on the T2-weighted images, and an
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nhomogeneous enhancement on the CE T1-weighted images
1,7,8,10–12]. Tsushima et al. and Joe et al. reported either a
right or high signal intensity on the T2-weighted images to
e a useful finding as pleomorphic adenoma [10,11]. Ikeda et
l. reported the MR findings of a complete capsule, a lobulated
ontour, or a high T2 signal intensity to have a high predictive
alue for the diagnosis of pleomorphic adenoma [12].

According to our data, pleomorphic adenomas tended to
how an intermediate signal intensity on the T1-weighted images
75%), an inhomogeneous (91 or 100%) high (96 or 90%) sig-
al intensity on the T2-weighted images either with or without
he FS technique, and an inhomogeneous (73 or 70%) high
87%) enhancement on the CE T1-weighted images with the FS
echnique, and these findings were similar to those previously
eported [1,7,8,10–12]. However some pleomorphic adenomas
howed different features such as a high signal intensity on T1-
eighted images (4%) or an intermediate signal intensity on
2-weighted images (4 or 10%). Many pleomorphic adenomas

n our study showed a lobulated border (50–78%) and capsule
ositive findings (33–90%), but not all. Our findings suggest that
t is difficult to perfectly diagnose pleomorphic adenomas based
nly on MR images.

Pleomorphic adenomas do not have true capsules. Rather,
hey have pseudocapsules with small protrusions, pseudopodia,
xtending into the surrounding normal tissue [20]. We could
etect the capsule in almost all cases on both T2-weighted (87
r 90%) and CE T1-weighted (64 or 57%) images using the FS
echnique, but we could not detect it on CT images (0–5%). Due
o its superior soft tissue contrast, MR imaging has major advan-
ages over CT [3,21]. Metallic artifacts from dental restorations
lso occurred on the CT images in the oral and maxillofacial area.
ur findings suggest that it is possible to detect the capsule in
leomorphic adenoma using MR images.

It is not possible to reliably differentiate benign from malig-
ant salivary gland tumors on CT and MR images [8–10]. As a
esult, specific findings need to be determined from biopsy spec-
mens. Som and Biller reported that if a mass was seen with low
1- and T2-weighted signal intensities then the lesion would

hus be considered to be a highly aggressive malignancy [7]. Joe
nd Westesson reported that the invasion of the muscle appeared
o be associated with malignant tumors [11]. In the present study,
here was no pleomorphic adenoma which showed low T1- and
2-weighted signal intensities, and also showed invasion of the
urrounding muscle or bone.

. Conclusions

The detectability of pleomorphic adenomas was almost same
n axial CT and MR images. However, pleomorphic adeno-
as in the palate were difficult to accurately detect on coronal
T images. On CT images, pleomorphic adenoma tended to

how a well-defined margin, a smooth border, an inhomoge-
eous aspect, a low or high contrast, and intermediate or high

ignal intensity. After contrast medium administration, pleomor-
hic adenoma tended to show a slightly high enhancement and
ither an inhomogeneous or a periphery enhancement on the
E CT images. On MR images, pleomorphic adenomas tended

[

[

of Radiology 69 (2009) 464–472 471

o show well-defined margin, a lobulate border, an inhomoge-
eous aspect, a high contrast, and intermediate or high signal
ntensity. After contrast medium administration, pleomorphic
denoma tended to show a slightly high enhancement and either
n inhomogeneous or a periphery enhancement on MR images.
he capsule detectability of MR images was also superior to

hat of CT images. Our findings suggest that it is possible to
etect the capsule in pleomorphic adenoma using MR images.
oreover, observations from optional directions (axial, coronal

nd sagittal images) seemed to be appropriate for delineating
he extent of the lesion in such cases. Therefore, pleomorphic
denomas in head and neck area should be evaluate with MR
mages.

eferences

[1] Som PM, Brandwein MS. Salivary gland; anatomy and pathology. In: Som
PM, Curtin HD, editors. Head and neck imaging. 4th ed. St. Louis: Mosby;
2003. p. 2005–133.

[2] Waldron CA. Mixed tumor (pleomorphic adenoma) and myoepithelioma.
In: Ellis GL, Auclair PL, Gnepp DR, editors. Surgical pathology of the sali-
vary glands (major problems in pathology). Philadelphia: W.B. Saunders
Company; 1991. p. 165–86.

[3] Shah GV. MR imaging of salivary glands. Magn Reson Imaging Clin N
Am 2002;10(4):631–62.

[4] Teresi LM, Lufkin RB, Wortham DG, Abemayor E, Hanafee WN. Parotid
masses: MR imaging. Radiology 1987;163(2):405–9.

[5] Mandelblatt SM, Braun IF, Davis PC, Fry SM, Jacobs LH, Hoffman Jr JC.
Parotid masses: MR imaging. Radiology 1987;163(2):411–4.

[6] Som PM, Shugar JM, Sacher M, Stollman AL, Biller HF. Benign and
malignant parotid pleomorphic adenomas: CT and MR studies. J Comput
Assist Tomogr 1988;12(1):65–9.

[7] Som PM, Biller HF. High-grade malignancies of the parotid gland: identi-
fication with MR imaging. Radiology 1989;173(3):823–6.

[8] Vogl TJ, Dresel SH, Spath M, et al. Parotid gland: plain and gadolinium-
enhanced MR imaging. Radiology 1990;177(3):667–74.

[9] Freling NJ, Molenaar WM, Vermey A, et al. Malignant parotid tumors:
clinical use of MR imaging and histologic correlation. Radiology
1992;185(3):691–6.

10] Tsushima Y, Matsumoto M, Endo K, Aihara T, Nakajima T. Characteristic
bright signal of parotid pleomorphic adenomas on T2-weighted MR images
with pathological correlation. Clin Radiol 1994;49(7):485–9.

11] Joe VQ, Westesson PL. Tumors of the parotid gland: MR imag-
ing characteristics of various histologic types. AJR Am J Roentgenol
1994;163(2):433–8.

12] Ikeda K, Katoh T, Ha-Kawa SK, Iwai H, Yamashita T, Tanaka Y. The
usefulness of MR in establishing the diagnosis of parotid pleomorphic
adenoma. AJNR Am J Neuroradiol 1996;17(3):555–9.

13] Yasumoto M, Shibuya H, Suzuki S, et al. Computed tomography and ultra-
sonography in submandibular tumours. Clin Radiol 1992;46(2):114–20.

14] Bogaert J, Hermans R, Baert AL. Pleomorphic adenoma of the parotid
gland. J Belge Radiol 1993;76(5):307–10.

15] Lev MH, Khanduja K, Morris PP, Curtin HD. Parotid pleomor-
phic adenomas: delayed CT enhancement. AJNR Am J Neuroradiol
1998;19(10):1835–9.

16] Kaneda T, Minami M, Ozawa K, et al. MR of the submandibular gland: nor-
mal and pathologic states. AJNR Am J Neuroradiol 1996;17(8):1575–81.

17] Kaneda T, Minami M, Ozawa K, et al. Imaging tumors of the minor salivary
glands. Oral Surg Oral Med Oral Pathol 1994;78(3):385–90.
18] Eneroth CM, Blanck C, Jakobsson PA. Carcinoma in pleomorphic adenoma
of the parotid gland. Acta Otolaryngol 1968;66(6):477–92.

19] Thackray AC, Lucas RB. Carcinoma in pleomorphic adenoma. In: Atlas of
tumor pathology second series fascicle 10. Washington, DC: Armed Forces
Institute of Pathology; 1974. pp. 107–117.



4 rnal of Radiology 69 (2009) 464–472

[

72 N. Kakimoto et al. / European Jou
20] Koral K, Sayre J, Bhuta S, Abemayor E, Lufkin R. Recurrent pleo-
morphic adenoma of the parotid gland in pediatric and adult patients:
value of multiple lesions as a diagnostic indicator. AJR Am J Roentgenol
2003;180(4):1171–4.

[
21] Lenz M, Greess H, Baum U, Dobritz M, Kersting-Sommerhoff B.
Oropharynx, oral cavity, floor of the mouth: CT and MRI. Eur J Radiol
2000;33(3):203–15.


	CT and MR images of pleomorphic adenoma in major and minor salivary glands
	Introduction
	Materials and methods
	Results
	CT image findings
	MR image findings

	Discussion
	Conclusions
	References


