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ORIGINAL ARTICLE

MRI characterization of inflammatory myofibroblastic tumors in the

maxillofacial region

Hui Li*, De-Ling Wang*, Xue-Wen Liu, Zhi-Jun Geng, Chuan-Miao Xie

PURPOSE

We aimed to investigate the magnetic resonance imaging
(MRI) appearance of inflammatory myofibroblastic tumors
(IMTs) in the maxillofacial region in order to improve diag-
nostic quality and resection efficacy.

MATERIALS AND METHODS

Ten cases of pathologically identified IMTs were analyzed by
MRI. The MRI features were examined, including tumor lo-
cation, tumor shape, tumor margins, and involvement of the
surrounding tissues.

RESULTS

Of ten masses investigated in this study, eight masses were
irregular neoplasms with unclear margins and two masses, in
the parotid gland, were regular neoplasms with clear mar-
gins. Precontrast T1-weighted images of all ten masses ex-
hibited isointense signals compared to the adjacent tissue,
while contrast-enhanced T1-weighted images showed strong
enhancement. Six masses were hypointense and four masses
were slightly hyperintense in T2-weighted images. Involve-
ment of the adjacent structures was observed in eight of ten
cases. Meanwhile, two patients experienced intracranial in-
volvement.

CONCLUSION

IMTs are rare tumors in the maxillofacial region, displaying
a number of distinct MRI characteristics. Most importantly,
they display low T2 signal intensity and strong enhancement,
and they frequently invade surrounding structures. Thus, MRI
can improve the accuracy of IMT diagnoses and provide crit-
ical information for surgical planning.
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nflammatory myofibroblastic tumors (IMTs) are rare neoplasms com-

posed of myofibroblasts accompanied by prominent small lympho-

cytes and plasma cells (1). They have previously been categorized in
the inflammatory pseudotumor group, but they are now defined as a
separate entity based on electron microscope and immunohistochemi-
cal findings. Recent studies have shown that cytogenetic clonal abnor-
malities and anaplastic lymphoma kinase expression are the best defin-
itive markers for diagnosing IMTs (2, 3). IMTs most commonly involve
the lung, although they have been described in almost all sites in the
body, in both sexes, and at all ages (4). IMTs in the maxillofacial re-
gion are exceptionally rare, and the clinical presentation depends on the
location of the tumor. Patients can present with fever, pain, swelling,
otorrhea, and cranial nerve palsy (5). IMTs clinically mimic malignant
lesions, and the clinical significance lies in the difficulty encountered
in excluding malignancy, preoperatively. There have been only a few
studies that reported substantial numbers of IMTs in the maxillofacial
region. Recently, Yuan et al. (6) reported imaging findings for eight IMT
cases in the maxillary sinus; however, only three of the patients under-
went MRI analysis, and the researchers could not summarize the MRI
characteristics. Therefore, we have retrospectively analyzed the MRI
findings of ten cases with maxillofacial IMT and summarized the imag-
ing features in order to improve the diagnosis of this tumor.

Material and methods
Patients

A total of ten patients with pathologically confirmed IMTs in the
maxillofacial region were reviewed retrospectively. These patients were
treated in our hospital between February 2007 and June 2013. The clin-
ical records of the patients were obtained for review, including age, sex,
clinical symptoms, laboratory examinations, treatments, and follow-up
information. This review was conducted according to the requirements
of our institutional review board.

Imaging protocol

MRI examinations were performed using a 1.5 Tesla unit (GE Signa
EXCITEII 1.5; GE Healthcare, Milwaukee, Wisconsin, USA) with a com-
bined head and neck coil. The following sequences were obtained for
each patient: unenhanced T1-weighted images; fast spin-echo imaging
in the axial, coronal, and sagittal planes; unenhanced T2-weighted imag-
es in the axial plane; contrast-enhanced T1-weighted images in the axial
and sagittal planes; and contrast-enhanced, fat-suppressed T1-weighted
images in the coronal plane. A bolus injection of gadopentate dimeglu-



Figure 1. a—c. Inflammatory myofibroblastic tumor (IMT) in the right parotid gland viewed as a regular neoplasm with clear margins. The mass
has a homogeneous isointense signal on precontrast T1-weighted image (a), and a hypointense signal on T2-weighted image (b). Postcontrast
T1-weighted image (c) shows strong enhancement of the mass.

mine (0.1 mmol/kg body weight) was
administered for contrast-enhanced
sequences. Four patients underwent
diffusion-weighted imaging (DWI) be-
fore intravenous injection of gadopen-
tate dimeglumine. Diffusion-weighted
images were obtained using a spin-
echo echo-planar imaging sequence
with a chemical-shift selective fat-sup-
pression technique. The sequence was
repeated for two motion-probing gra-
dient values (b=0 and 1000s/mm?).

Image assessment

Two experienced radiologists (H.I.
and X.W.L, with seven and eight years
of experience in the head and neck
tumors, respectively) independent-
ly evaluated the magnetic resonance
(MR) images. Any disagreements were
resolved by consensus. All MR images
were viewed on a picture archiving and
communication system workstation
monitor (Centricity RA1000 Worksta-
tion V.3.0; GE Healthcare).

The MR features of the primary tu-
mors included: tumor location, tumor
shape (round or lobulated), tumor mazr-
gins (clear or unclear), signal intensity
(classified as hypointense, isointense,
or hyperintense compared to adjacent
muscles), lesion texture (homogeneous
or heterogeneous), and contrast-en-
hancement patterns (homogeneous or
heterogeneous; strong, moderate, or
absent). Contrast enhancement was
considered to be strong if the degree of
enhancement was similar to that of the
normal mucosa, moderate if the degree

of enhancement was less than that of
the normal mucosa, and absent if the
lesion exhibited no relative increase
in signal. Tumor invasion of regional
structures and regional lymphadenop-
athy were also evaluated.

Results

Of ten patients, six were male and
four were female; ages ranged from
nine to 70 years, with a median age of
38 years. Four patients were less than
25 years old. On physical examination,
seven patients presented with a pain-
less mass in the parotid gland or buc-
cal region, two patients presented with
edema in the maxillofacial region, and
one patient presented with exophthal-
mos.

Seven patients underwent complete
excision or partial resection of their
masses, while three patients under-
went extensive excision. None of the
patients received chemotherapy, radio-
therapy or corticosteroids/nonsteroidal
anti-inflammatory drugs. One patient
had a recurrence of IMT seven months
after surgery. Residual tumors of the
three patients, who underwent partial
resection, were stable (n=2) or slightly
enlarged (n=1) at the last follow-up. All
patients were alive at the time of this
investigation, and the follow-up time
ranged from five to 66 months. No dis-
tant metastases were found.

Of ten masses investigated in this
study, six arose in the masticator
space, two in the parotid gland, one in
the maxillary sinus, and one in the or-
bit. Six masses were on the right side of

the maxillofacial region and four were
on the left side.

The smallest mass in our study was
12x10 mm, while the largest mass was
60x67 mm. Eight masses were lobulat-
ed neoplasms with unclear margins,
and two masses in the parotid gland,
were round neoplasms with clear mar-
gins (Fig. 1).

Eight tumors had heterogeneous
texture with isointense signals on pre-
contrast T1l-weighted image, slightly
hypointense (n=4) or slightly hyperin-
tense (n=4) heterogeneous signals on
T2-weighted image, and strong hetero-
geneous signals on contrast-enhanced
T1-weighted image. Two tumors had
homogeneous texture with isointense
signals on precontrast T1-weighted im-
age and slightly hypointense signals
on T2-weighted image, and exhibited
strong enhancement on contrast-en-
hanced T1-weighted image (Fig. 2). No
evidence of cystic or necrotic change
was found in any of the masses. Four
patients underwent DWI, where mass-
es were seen as slightly hyperintense
(n=3) and slightly hypointense (n=1)
(Figs. 2, 3).

Eight patients had encroachment
of structures adjacent to the masses,
which included: muscles of the max-
illofacial region (n=8), bone (n=6),
pterygopalatine fossa (n=2), sphenoi-
dal sinus (n=1), and optic nerve (n=1).
Meanwhile, two patients had intracra-
nial involvement via invasion through
both the foramen rotundum and fora-
men ovale resulting in thickened cra-
nial nerves (Fig. 4). One patient had

MRI of maxillofacial inflammatory myofibroblastic tumors ¢ 311



segmental dural thickening (Fig. 5).
Clinical and MRI characteristics of the
IMTs are summarized in the Table.

Discussion
The maxillofacial region is host to
both benign and malignant tumors

characterized by the proliferation of
spindle-shaped cells. In this region,
IMTs are very rare and their charac-
teristics are controversial. IMT was
first observed in the lungs by Brunn in
1939 and named by Umiker in 1954,
according to its clinical and radiolog-

Figure 2. a-d. IMT in the left orbit, viewed as an irregular neoplasm with unclear margins. The
mass has an attenuated heterogeneous isointense signal on precontrast T1-weighted image (a),
and a hypointense signal on T2-weighted image (b). Invasion of the extraocular muscles, optic
nerve, and orbit wall can also be detected. Diffusion-weighed image (c) shows heterogeneous
hypointensity, while contrast-enhanced T1-weighted image (d) shows strong enhancement of
the mass.

Table. Summary of the clinical and MRI features of maxillofacial IMT cases

ical behavior, which mimics a malig-
nant process (7). Pathologically, IMTs
are composed of lymphocytes, plasma
cells, histiocytes, fibroblasts, and my-
ofibroblasts, in variable proportions
(8). As a result, IMTs are difficult to di-
agnose preoperatively through either
fine-needle aspiration or biopsy. The
lungs, liver, and gastrointestinal tract
are the most common sites for IMTs.
In the maxillofacial region, IMTs have
been reported in the orbits, parapha-
ryngeal spaces, maxillary sinuses, sub-
mandibular region, and the oral cavity
6,9, 10).

Clinically, IMT in the maxillofacial
region may present as an incidentally
discovered painless and indurate mass,
developing within a relatively short
duration; although occasionally it may
present with specific symptoms related
to the site of origin (5, 11). The major-
ity of IMTs are not associated with sys-
temic signs and symptoms like fever,
weight loss, or malaise. In our study,
a painless mass in the parotid gland or
buccal region and swelling in the max-
illofacial region were the most obvious
clinical features of IMTs, and this was
consistent with other reports. IMTs in
the maxillofacial region have been di-
agnosed in all age groups, but the af-
fected patients tend to be children and
young adults (1). In this study, out of
the ten patients studied, four were less
than 25 years old while the youngest
patient was only nine years old, in ac-
cordance with previous reports.

The mainstay of IMT treatment is
complete surgical excision (12). If com-

No Gender/age (years)

Location

Involvement of surrounding structures

Treatment

1 M/70 Masticator space
2 F/40 Masticator space
3 F/16 Maxillary sinus
4 M/53 Masticator space
5 M/24 Masticator space
6 F/35 Masticator space
7 M/9 Parotid gland
8 F/45 Masticator space
9 M/22 Parotid gland
10 M/52 Orbit

MP LaP M, LeP, TP SB, sphenoidal sinus, orbit, intracranial
MP, LaP M

MP, LaP MS

MP, LaP, AB

MP, LaP, MS, PF

MP LaP M, LeP, TP SB, AB, PF, intracranial

None

MP, LaP MS

None

EM, orbit, optic nerve

Extensive excision
Partial resection
Partial resection

Extensive excision

Complete excision

Extensive excision

Complete excision

Complete excision

Complete excision

Partial resection

MP, medial pterygoid; LaP, lateral pterygoid; M, masseter; LeP, levator palati; TP tensor veli palatine; SB, skull base bone; MS, wall of the maxilla sinus; AB, alveolar
bone; PF, pterygopalatine fossa; EM, extraocular muscles.
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Figure 3. a—g. IMT in the left maxillary sinus
viewed as an irregular neoplasm with unclear
margins. The mass has a heterogeneous
isointense signal on precontrast T1-weighted
image (a), and a slightly hyperintense signal
on T2-weighted image (b). Invasion of the
medial pterygoid, lateral pterygoid, wall of

the maxillary sinus, and skull base bone can
also be detected, along with bilateral maxillary
sinusitis. Diffusion-weighed image (c) shows
heterogeneous, slightly hyperintense signal,
while contrast-enhanced T1-weighted image
(d) shows strong enhancement of the mass. The
patient had a recurrent tumor in the masticator
space eight months after surgery. Precontrast
T1-weighted image (e) shows heterogeneous,
isointense signal; T2-weighted image (f) shows
hyperintense signal; and diffusion-weighed
image (g) shows heterogeneous hyperintensity.

plete surgical excision is impossible or
unsuccessful in case of aggressive IMTs,
high-dose systemic corticosteroids, ra-
diotherapy, or chemotherapy can be
employed (13). In our study, seven
patients underwent complete excision
or partial resection of the masses and
three patients underwent extensive ex-
cision. One patient had a recurrence,
while no evidence of recurrence was
observed in the other nine patients.
Because IMTs can clinically and ra-
diographically mimic a malignant pro-
cess, correctly recognizing the lesion is
necessary not only for selecting the ap-
propriate treatment, but also for guid-
ing the surgical resection. Based on the
MR findings of IMTs in the maxillofa-
cial region in our study, we compiled
the MR features of these tumors as fol-
lows. First, IMTs are solid masses with
unclear margins and lobulated shapes.
In our study, all masses were solid
and no evidence of cystic or necrotic
change was found. Despite their ap-
parently benign morphological nature,
IMTs have been reported to have local-
ly aggressive growth behavior (10, 14).
In our study, 80% (8/10) of the masses
had aggressive, lobulated appearances,
with unclear margins on MRI. Second,
the tumors generally have hypointense
or slightly hyperintense T2 signals,
and they exhibit strong enhancement
in the contrast-enhanced T1-weight-
ed image. Unlike most tumors or tu-
mort-like diseases, IMTs were reported
to have hypointense T2 signals, which
may be explained by the relative lack
of mobile protons within fibrotic IMT
lesions (15). In our study, T2 signal was
hypointense or slightly hyperintense
compared to adjacent muscles in 80%
(8/10) of the masses, and this was con-
sistent with previous studies. More-
over, IMTs were described as hyper-
vascular tumors (7), and all the masses
in our study exhibited strong hetero-
geneous enhancement after contrast
administration, consistent with hyper-
vascularization. Third, tumors com-
monly exhibit local invasion. IMTs
have infiltrative features recognizable
on MRI, mimicking more common
aggressive malignant neoplasms (16).
Yuan et al. (6), reported eight cases
of IMTs of the maxillary sinus, with
all cases exhibiting bone destruction
or infiltration into adjacent tissues.

MRI of maxillofacial inflammatory myofibroblastic tumors ¢ 313



Figure 4. a-d. IMT in the right masticator space viewed as an irregular neoplasm with unclear
margins. The mass has a heterogeneous isointense signal on precontrast T1-weighted image (a),
and a slightly hyperintense signal on T2-weighted image (b). Right mastoiditis can also be seen.
The same mass exhibits strong enhancement on contrast-enhanced T1-weighted image (c, d).
There is intracranial involvement via invasion through both the foramen ovale (c, thick arrow)
and the foramen rotundum (d, thin arrow). Invasion of the medial pterygoid, lateral pterygoid,
levator palati, tensor veli palatini, skull base bone, and sphenoidal sinus can also be seen (a-d).

Figure 5. IMT in the left masticator space
viewed an irregular neoplasm with unclear
margins. Contrast-enhanced T1-weighted
image shows strong enhancement and dural
thickening (arrows). Invasion of the medial
pterygoid and the lateral pterygoid can also
be seen.

In our study, eight patients showed
involvement of adjacent structures,
which included muscles of the maxil-
lofacial region, bone, pterygopalatine
fossa, paranasal sinus, and optic nerve.
Notably, two patients in this study had
intracranial involvement by means of
invasion through the foramen rotun-
dum and the foramen ovale. Howev-
er, clinical nerve palsy was not found
in these patients. Tumor invasion has
also been reported by McKinney et al.
(17). They hypothesized that this kind
of invasion may be related to inflam-
matory perineural edema or ischemic
neuropathy. Finally, no distant metas-
tases are found in the IMTs. Although
the clinical data and imaging features
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of IMTs may mimic malignancy, there
is no evidence of malignant transfor-
mations, metastases, or deaths. Consis-
tent with previous studies, no patients
had lymphogenous or hematogenous
metastases in this study.

Radiologically, IMTs in the maxillo-
facial region need to be differentiated
from a variety of malignant tumors,
such as rhabdomyosarcoma, leiomyo-
sarcoma, fibrosarcoma, lymphoma,
and adenoid cystic carcinoma. Rhab-
domyosarcomas are some of the most
frequently occurring soft tissue sarco-
mas, and they are most common in
children. Rhabdomyosarcoma mass-
es are often iso- or hyperintense in
T2-weighted images. Leiomyosarcomas
are typically present in older patients,
mostly on the skin and in the soft tis-
sue of the head and neck (18, 19). As
IMTs tend to be in children and young
adults, and are usually hypointense or
slightly hyperintense on T2-weighted
image, they are easy to differentiate
from sarcomas. However, MRI findings
and the clinical presentation of fibro-
sarcoma in the maxillofacial region are
often difficult to distinguish from IMT
(20). Low T2 signal of fibrous tissue
can be found in both types of tumors.
There were two patients in this study
that had intracranial involvement via
invasion through the foramen rotun-
dum and foramen ovale. This kind of
invasion may be characteristic in IMTs
and can be used to differentiate IMTs
from fibrosarcomas. Lymphomas ex-
hibit homogeneous soft-tissue signals
with limited hemorrhage, calcification
or necrosis, and the masses have mild
to moderate homogeneous enhance-
ment after contrast administration.
Diffuse and bilateral cervical lymph-
adenopathy is also commonly found.
IMTs can be differentiated from lym-
phomas by the heterogeneous lesion
texture and the absence of lymphade-
nopathy.

The parotid gland IMTs in this study
needed to be differentiated from pleo-
morphic adenoma, Warthin tumor,
and carcinoma of the parotid gland.
The high T2 signal of pleomorphic ad-
enomas and their strong enhancement
after contrast administration are well-
known specific MRI findings. It is be-
lieved that the T2 hypointensity of a
parotid tumor and postcontrast ill-de-
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fined margins are useful indicators for
malignancy. However, the two IMTs
in the parotid gland in this study were
round neoplasms with clear margins,
low T2 signal and strong enhance-
ment; these features maybe helpful in
differential diagnosis. For Warthin tu-
mors, the typical findings include the
heterogeneity of the tumor, moderate
T1 and T2 signal, absence of strong en-
hancement, and a presence in the pa-
rotid tail. IMTs may be differentiated
from Warthin tumor by their strong
enhancement.

A relatively limited number of pa-
tients was one of the main limitations
of this paper. This limitation was due
to the low incidence of IMTs in the
maxillofacial region. A follow-up study
with increased number of cases would
be beneficial for a more detailed MRI
characterization of maxillofacial IMTs.
Moreover, several articles have high-
lighted that dynamic enhanced-MRI
and DWI with ADC evaluation could
improve the performance of MRI in
distinguishing between benign and
malignant head and neck tumors, and
characterize the different histological
types of different tumors. These novel
imaging techniques may also be useful
in differential diagnosis of IMTs and
other tumors. In this study, only four
patients underwent DWI, and they
presented as slightly hyperintense
(n=3) and slightly hypointense (n=1).
If confirmed in larger series, this slight
signal may also be a distinguishing fea-
ture for IMTs, as malignant tumors are
supposed to be hyperintense on DWI.

In conclusion, on MRI analysis IMTs
tend to present as solid masses with
irregular margins, lobulated shapes,
low T2 signal, strong enhancement
and frequent invasion of surrounding
structures. MRI analysis can help dis-
tinguish IMTs from malignant tumors,

determine the extent of the lesion and
its relationship with adjacent tissues.
Thus, MRI can be a valuable tool for
differential diagnosis of IMTs, as well
as providing guidance in treatment
and surgical resection.
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