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Abstract

Objective The objective of this work was to evaluate the
potential of diagnostic imaging in the identification, localiza-
tion, and characterization of soft-tissue inflammatory myofi-
broblastic tumors (IMTs) of limbs with correlation to
differential diagnosis and therapy.

Materials and methods From a retrospective analysis of 324
histologically verified soft-tissue lesions of limbs and extrem-
ities diagnosed in our institute from January 2002 to July
2010, we selected seven cases of histologically proven IMT.
These included six males and one female, aged between 28
and 81 years (mean age, 57 years). Lesions were localized in
three cases to the thigh, in two cases to the popliteal space, and
in the remaining two cases, to the shoulder girdle. All patients
were evaluated on the basis of US, CT, and MRI.

Results Ultrasound detected the presence of a non-
homogeneous solid formation in all cases and calcifications
in three cases. CT showed the presence and type of
calcification/ossification and bone reaction. On MRI, all cases
had low signal intensity on SE T1-weighted sequences and an
intermediate—low signal intensity on SE and FSE T2-
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weighted sequences in six of them; only one case had an
intermediate—high signal intensity on SE and FSE T2-
weighted sequences. Both contrast-enhanced CT and MRI
showed precocious enhancement in association with multiple
peripheral hypertrophic blood vessels.

Conclusions On the basis of integrated imaging data
obtained by US, CT, and MRYI, it is possible to evaluate
the lesion extension to provide a loco-regional staging, to
characterize IMTs, and to allow an optimal therapeutical
planning.

Keywords Soft-tissue tumors - Inflammatory
myofibroblastic tumors - Diagnostic imaging modalities -
Ultrasound - Computed tomography - Magnetic resonance
imaging

Introduction

Inflammatory myofibroblastic tumors (IMTs) or inflammatory
pseudotumors include a heterogeneous group of lesions, first
described in 1954 by Umiker [1], histologically characterized
by a dominant spindle cell proliferation with a variable
inflammatory and fibrotic component [2—8], and have been
defined as inflammatory lesions [8—10].

The histological origin of IMTs is controversial and both
diagnostic approaches and therapeutic strategies remain the
subject of debate. As reported in the literature, IMTs most
commonly occur in the lung and retroperitoneum [11-13].
However, other locations are observed causing serious
diagnostic difficulties and, due to their locally aggressive
nature, make for difficult therapeutic choices [14—17].

Little attention has been paid to IMTs’ localization in
limbs and extremities [18, 19]. At these sites, the
identification of an expansive lesion combined with locally
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Fig. 1 IMT of left leg. MR axial FSE T2-weighted fat-saturated
image (a) shows the presence of inhomogeneous polylobulated mass
at the level of popliteal fossa (arrows). CT scan (b) confirms the
presence of inhomogeneous mass (arrows) and the same CT slice with
bone window (c) better defines the presence of central-lesional areas
of non-structured and non-confluent gross calcifications (thin arrow)

aggressive features creates problems in differential diagnosis
with malignant neoplasms, which not only require demolitive
surgical approaches but also post-surgical chemo and radio-
therapy. In these cases, correct diagnosis is particularly useful
in planning therapy.

Although IMTs of long bone have recently been
described [19], to our knowledge, no radiological data
regarding soft-tissue IMTs of limbs have been reported.
Therefore, the aim of this retrospective study was to
evaluate the potential of diagnostic imaging in the
identification, localization, and characterization of soft-
tissue IMTs of limbs with correlation to differential
diagnosis and therapy.

Materials and methods

From a retrospective analysis of 324 soft-tissue lesions of
limbs and extremities diagnosed in our institute from January
2002 to July 2010, we selected seven cases of histopatholog-
ically proven IMT. These included six male and one female
patient aged between 28 and 81 years (mean age, 57 years).
Lesions were localized in three cases to the thigh, in two cases
to the popliteal space, and in the remaining two cases, to the
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and “shell-like” periosteal reaction (large arrow). d Coronal SE T1-
weighted image depicts longitudinal extension of the lesion (arrows).
e Intraoperative view of the lesion (arrows). f Histology (immunohis-
tochemical staining using antibodies against actin) confirms the
myofibroblastic origin of the lesion

shoulder girdle. No history of former pathologies was found in
six of them. The oldest patient had undergone surgical
treatment 3 years prior to diagnosis for a lipoma-like
liposarcoma of the left thigh and subsequently developed an
expansive lesion in the same region. All patients had
previously undergone ultrasound examination on the basis of
clinical suspicion of soft-tissue mass.

CT examination, performed with a three-dimensional six-
row multidetector CT scanning (Brilliance 6, Philips Medical
Systems, Eindhoven, The Netherlands), was done in all cases
with and without contrast agent (Iobitridol 350). MR
examination was performed with and without contrast agent
(Gd-DOTA) in all patients; in five patients contrast-enhanced
MR examination was performed using a dynamic technique.

MRI was performed on axial, coronal, and sagittal scan
planes, using a 1.5-Tesla unit (GE Signa Horizon, Milwaukee,
WI, USA). The imaging protocol for all examinations included
STIR sequence (TR/TE, 3500-6000/55 ms; inversion time,
150 ms), spin-echo (SE) T1-weighted with and without fat-
suppression sequence (TR/TE, 300-420/9-16 ms), spin-echo
(SE) and fast spin-echo (FSE) T2-weighted with and without
fat-suppression sequence (3,500-5000/57-100 ms).

All patients were biopsied (a 16-18 G Tru-cut needle were
used), using US guidance in six and CT with multi-sample



Skeletal Radiol (2012) 41:643-649

645

Fig. 2 IMT of shoulder girdle. MR axial FSE T2-weighted image (a)
shows osseous humeral head lesion (arrows); MR axial SE TI-
weighted image (b) after administration of contrast agent shows the
presence of enhanced tissue at the level of the anterior portion of the
joint (arrows). Coronal SE T2-weighted image (¢) well documented
the presence of intermediate—low signal intensity tissue at the level of

D

Fig. 3 IMT of the thigh. a MR axial SE T1-weighted image shows
space-occupying lesion (arrows) at the level of antero-medial
compartment of thigh with close relationship with blood vessels.
MR axial FSE T2-weighted images without (b) and with (¢) fat
suppression on the same plane show the intermediate-low signal
intensity of the mass (long arrows); note compressed and displaced

upper arm (arrows) with involvement of humeral head; glenoid bone
is also involved (large white arrow). CT scans (d, e) better depict focal
osteolytic lesion of the humeral head (long white arrows in d) and of
the glenoid (large white arrow in e). Histology (f) (immunohisto-
chemical staining using antibodies against actin) confirms the
presence of actin-positive cells

blood vessels (large arrow in ¢). d CT-angiography image at similar
level shows intense and precocious enhancement of the lesion
(arrows) and confirms the close relationship with femoral artery, as
confirmed at surgery (e) (large arrows). Histology (f) (hematoxylin
and eosin staining) confirms inflammatory origin of the lesion
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Fig. 4 IMT of left thigh in a patient previously treated for lipoma-like
liposarcoma. a MR coronal FSE T2-weighted fat-saturated image
performed after surgical treatment of lipoma-like liposarcoma shows
the absence of space-occupying lesion (arrows) (see the asymmetric
muscle volume of the thighs. b MR coronal FSE T2-weighted fat-
saturated image performed 3 years later shows a polylobulated low-
signal intensity mass of antero-medial compartment of thigh (arrows);
note the presence of wide extent of associated edema of the medial
compartment of the tight (thin arrows). ¢ CT scan shows the mass

technique in one patient (a minimum of four different biopsies
were taken from different areas of the lesion).

Six patients were treated surgically; five underwent
lesion excision and one limb amputation. This patient
exhibited disease localization to the shoulder girdle with
gleno-humeral joint involvement, making amputation of the
superior limb an unavoidable necessity.

The remaining one patient with IMT localized to the
popliteal space did not undergo surgery after biopsy due to
close lesion relationship to vascular structures and absence
of symptomatology. This patient was followed-up by MR
every 6 months, which indicated relative lesion stability in
the absence of progression (to date, the patient has been
followed-up for 4 years).

Results
In all cases, the histopathological diagnosis, including

immunohistochemical study using antibodies against actin,
was IMT. Ultrasound, performed in all patients without
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(white arrows) and the presence of “shell-like” periosteal reaction
(black arrow). d CT-angiography image at similar level shows intense
and precocious enhancement of the lesion with the presence of
peripheral hypertrophic vessels (long white arrows); the adherence of
the mass with femoral artery is also seen (large white arrow). CT-
angiography 3D reconstruction (e) and surgery (f) confirm the
adherence of the mass (long white arrows) with the femoral vessels
(large white arrow). Histology (g) (hematoxylin and eosin staining)
confirms the inflammatory origin of the lesion

administration of contrast agent, detected the presence of a
non-homogeneous solid formation; in six patients the mass
had well-defined borders while in the patient with a
localization at the level of the shoulder girdle, the mass
appeared irregular and with badly defined borders.
Ultrasound detected both intralesional and peripheral,
lamellar-shaped calcifications in one patient and in two patients
only peripheral, lamellar-shaped calcifications were detected.
CT examinations were performed in all cases with and
without intravenous administration of contrast agent. The
lesions always exhibited precocious enhancement in asso-
ciation with multiple peripheral hypertrophic blood vessels.
In one patient, CT scans detected gross non-structured, non-
confluent calcifications at the lesion center with “shell-like”
periosteal reaction and partial cortical scalloping (Fig. 1).
In the other two patients, “shell-like” periosteal reactions
that partially surrounded the lesion were observed. In the
other one patient, only a partial cortical scalloping without
erosion was demonstrated.
In one patient with the lesion localized to the shoulder
girdle with gleno-humeral joint extension, the mass
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Table 1 Diagnostic imaging, surgery, and histological patterns of IMTs

Histology

Surgery

MRI

CT

Us

Localization

Patient

CE

Signal

CE

Bone reaction

Type of calcification/ossification

Calcifications

Borders

Echoic

intensity

pattern

Cortical Erosion TIW  T2W

“Shell-like”
periosteal

Central, non-structured/

non-confluent

scalloping

IMT

Exc
Exc

I-H
I-L
I-L
I-L

C/P

P
P

Def

Def

Hypo/Inho

Left leg

IMT

Left thigh Hypo/Inho

Right leg

2

IMT

N - FU
Exc

Def

Hypo/Inho

IMT

Def N

Hypo/Inho

Shoulder

4

girdle
Left thigh

IMT

Exc

I-L
I-L
I-L

N
N
N

Def

Hypo/Inho

IMT

Exc

Def

Hypo/Inho

Right thigh
Shoulder

IMT

Amp

N-Def

Hypo/Inho

7

girdle

Hypo hypoechoic; Inho inhomogeneous; Def definite; N-Def non-definite; C central; P peripheral; Y yes; N no; L low; / Intermediate; H high; Amp surgical amputation;

Exc surgical excision; FU follow-up; CE contrast enhancement

exhibited glenoid infiltration with pseudo-erosive phenomena
of both the superior and posterior humeral head also detected
(Fig. 2).

MR was performed on all patients with and without
intravenous administration of paramagnetic contrast agent
using a standardized dynamic technique for vascular
evaluation of neoplastic lesions. On plain scans, six lesions
exhibited a low signal intensity on SE TI1-weighted
sequences and an intermediate-low signal intensity on T2-
weighted sequences, both SE and FSE with central
inhomogeneity (Fig. 3). In one patient with disease
localized to the popliteal space, a homogeneous “cluster-
like” form was detected, associated with low signal
intensity on SE T1-weighted sequences and intermediate—
high signal intensity on T2-weighted sequences.

After intravenous administration of paramagnetic con-
trast agent, all patients showed intense enhancement of
arterial phase followed by a rapid wash-out with peripheral
accumulation of contrast agent. In four patients, peripheral
hypertrophic blood vessels were detected. Calcifications
and periosteal reactions could not be clearly assessed by
MR. Surgery was performed in six cases. In one patient,
lesion borders could not be detected using US, CT, or MR
due to localization within the shoulder girdle combined,
with gleno-humeral joint extension, muscular structure
displacement and presence of the articular capsule.

For this reason, radical surgical amputation of the
superior limb was necessary to obtain a therapeutic result.
In the other five patients, surgery confirmed US, CT, and
MR data regarding both the site and extension of the lesion
its relationship to adjacent muscular, fascial, adipose, and
vascular structures (Fig. 4).

Our results are summarized in Table 1.

Discussion

Inflammatory pseudotumors are infrequent lesions with an
unclear etiological, clinical, and diagnostic classification.
Although their etiology is unknown, an inflammatory
origin has been suggested due to an association with minor
trauma, surgery, and/or infections. Although histologically
lesions are predominated by myofibroblasts, many different
classes, exhibiting differences in cellular content and
histology, are included within this large group. Today,
these lesions are grouped under the term of IMT, as defined
by the WHO. The chest represents the most common
localization for IMTs with rare limb and extremity
involvement. Within the limbs, IMT lesions are not easily
distinguished from more aggressive malignant tumors,
which require radical surgical removal and subsequent
aggressive chemo and radiotherapy. Diagnostic imaging,
therefore, plays a fundamental role not only in lesion
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identification but also in preliminary lesion characterization
[20-23].

Although final diagnosis depends upon biopsy, lesions
cannot be easily assessed histologically without prior imaging.
In fact, imaging is essential not only for mass detection but
also (and above all) for the loco-regional staging of the lesion,
defining margins, relationship to surrounding structures,
displacement of muscular mass, footprint, and relationship to
skeletal and neurovascular structures. The combination of
different imaging techniques, therefore, plays a crucial role in
defining the nature and biology of IMTs.

To our knowledge, in all cases of IMTs reported in
the literature, the imaging of soft-tissue inflammatory
pseudotumors in extremities and limbs has not been described.
Here, we directly address this issue by describing imaging
parameters for use in the characterization of IMTs prior to
biopsy.

Calcifications, in our experience, were present within the
mass in one patient. These exhibited a dystrophic appearance
due to the precipitation of calcium salts during inflammation,
edema, and vascular anomalies. In three patients, we found
thin calcifications of pseudo-lamellar appearance, in addition
to the presence of a pseudo-capsule this information is crucial
for the characterization of IMTs, as poorly infiltrative less
aggressive lesions, with inflammatory phenomena promoting
new bone production may mimic IMT.

Another important element when characterizing lesions
is the detection of cortical bone adaptive phenomena, when
the inflammatory mass is located on the parosteal side,
which was observed in two patients.

In one patient, there was some erosion of the scapular
glenoid and the humeral head, with a pseudo-infiltrative
appearance, probably due to the high local aggressiveness
of this lesion. In this case, amputation was necessary in
order to achieve an adequate therapeutic outcome.

All patients underwent CT and MRI with and without
contrast agent. Contrast enhancement was invariably
observed in the vascular phase in both CT and MRI,
although contrast impregnation was not homogeneous,
from the periphery to the center of the lesion. In all cases,
a rapid washout was observed leaving vast areas of non-
homogeneous enhancement. A common feature of these
forms was close location and relationship with major
vascular structures, confirming that IMTs adhere to vessels
and adventitia. In addition, in four patients, interactions with
peripheral and hypertrophic vascular structures were clearly
recognized by CT and MRI, and confirmed by subsequent
surgical exploration and macroscopic evaluation. In three
patients, hypertrophic vascularization caused significant
bleeding during biopsy, which was easily controlled by
appropriate compression. CT and MRI showed excellent
accuracy in assessing lesion vascularity, in defining the
components of peripheral hypertrophic vascularity, and the
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relationship of lesions to adjacent vascular structures. MRI
also facilitated lesion characterization, as it detected interme-
diate to low signal intensity on T2-weighted sequences with
non-homogeneous areas, particularly in the central region.
This was probably due to the central presence of myofibro-
blastic cells, which also helps to explain histological features.
Another important role for diagnostic imaging is to define the
extension of the lesion required, following biopsy, to
determine the surgical approach, which must be radical due
to the tendency for local recurrence.

In summary, IMTs of the limbs are rare and may mimic
malignant neoplasms. Although none of the diagnostic
techniques on their own should be used in evaluating and
defining IMT, the combined use of US, CT, and MR provides
the best structural analysis of IMT lesion defining borders,
localization, and relationship with adjacent structures. In our
experience, the combination of CT and MR provides the
greatest advantage in loco-regional staging and in detecting
peculiar elements within lesions, such as type of calcification/
ossification, adaptative phenomena of bone in patients with
progressively worsening pain, which represents an important
clinico-radiological element in the differential diagnosis of
IMTs from malignant neoplasms.
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