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Magnetic resonance imaging
of intramuscular myxoma

with histological comparison
and a review of the literature

Abstract Objective: To evaluate the
magnetic resonance (MR) features of
intramuscular myxoma (IM) com-
pared with its pathological findings.
Design: Two radiologists retrospec-
tively reviewed records and imaging
studies of patients with histologically
proven IM. Two radiologists also
analyzed by consensus all the MR
studies (pre- and post-contrast T1-
weighted and T2-weighted se-
quences) and a pathologist reviewed
the available histological material.
Patients: Seventeen patients with 18
histologically proven IM were re-
viewed. Histological samples of 11 of
these 18 tumors were available for
pathological analysis. Results: There
were 14 women and three men, with
a mean age of 58.9 years. IM in-
volved predominantly the thigh
(n=10). MR imaging showed well-
circumscribed intramuscular masses,
hypointense on T1-weighted and hy-
perintense on T2-weighted images.
Eleven masses were homogeneous
and seven slightly heterogeneous due

to fibrous septa. Enhanced MR im-
aging demonstrated three different
patterns: peripheral enhancement
(n=1), peripheral and patchy inter-
nal enhancement (n=7) or peripheral
and linear internal enhancement
(n=4). Intratumoral cysts were de-
tected in four masses. MR imaging
showed the presence of a pseudo-
capsule (n=12), fat around the lesion
(n=16) and peritumoral edema
(n=16). Histologically, all the tu-
mors were hypocellular, hypovascu-
lar and myxoid. Peripheral areas of
collagenous fibers formed a partial
capsule and IM often merged into
surrounding muscular fibers. More
cellular tumors and those with scanty
myxoid stroma tended to show a
more prominent internal enhance-
ment. Conclusion: IM shows several
recognizable MR features which
suggest its diagnosis.
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Introduction

Intramuscular myxoma (IM) is a benign intramuscular
neoplasm composed of fibroblasts and abundant myxoid
stroma. Since its description by Stout [1] in 1948, its
pathological features have been well studied. Although its
definitive diagnosis depends on its histological analysis,
imaging studies constitute the first step in its evaluation.
Because of its low incidence, there are limited reports
showing non-specific imaging characteristics. The plain

film can be normal, show a soft tissue mass or, rarely,
show calcifications within it [2, 3, 4]. Due to its hypo-
vascular nature, IM shows a mild uptake on scintigraphic
studies [4] and either poor or moderate vascularity on
angiography [4, 5], although a moderate vascularity has
been related to an increase in the cellularity [4]. A well-
demarcated hypoechoic or anechoic mass with multiple
cystic areas or fluid-filled clefts in an intramuscular lo-
cation is the typical presentation on ultrasound studies [6,
7, 8]. On computed tomography (CT), IM is shown as a
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well-defined, homogeneous mass with attenuation values
between those of water and muscle [4, 5, 8, 9].

The MR features have been reported in less than 123
cases [7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40, 41] and a few of these studies were per-
formed with intravenous contrast material [8, 10, 13, 14,
15, 15, 17, 36, 37, 38, 39, 40, 41]. Peterson et al. [10]
established distinguishing MR criteria for its diagnosis
and Bancroft et al. [37] and Murphey et al. [38] have
added new data recently.

This study presents the radiological characteristics of
this tumor, focusing on the MR and pathological findings
in an attempt to further characterize its most common
appearance and possible atypical presentations.

Materials and methods

A retrospective evaluation of 17 patients with 18 histologically
proven IM studied by MR imaging was performed. None of the
cases included in this series has been previously reported. Our study
included 14 women and three men, with ages ranging from 39 to
75 years (mean 58.9 years). Fifteen cases were identified using the
database of the Pathology Department of two different institutions,
and the remaining two from the consultation files of another in-
stitution. The diagnoses were based on the pathological report of
the resected tumor in all cases. A review of the available charts,
MR studies and histological materials was carried out. Due to the
retrospective nature of this study, the review of the pathological
material could be performed in only 11 cases, because no samples
from the specimens were available in the rest of the cases.

Imaging analysis

MR sequences varied because they were obtained in different in-
stitutions, but in all cases conventional spin-echo (SE) T1-weighted

(TR: 450-600, TE: 10-20) and SE and fast spin-echo (FSE) T2-
weighted (TR: 2300-2900, TE: 80-120) sequences were per-
formed. Additional sequences included Short-Tau Inversion Re-
covery (STIR) (TR: 2000-4200, TE: 15-20, TI: 140-160) and T2-
weighted gradient-echo (GE) (TR: 400-600, TE: 12-15, flip angle:
30°). All MR studies except for one (case 8) included either a STIR
(n=6) or a fat-saturated FSE T2-weighted image (n=10). All the
patients were studied in a 1.5 T magnet, except for one (1.0 T
magnet). Intravenous gadopentetate dimeglumide of gadolinium
(GDG) was used in 12 patients. Fat suppression was used in the
post-contrast images in eight cases.

Two radiologists reviewed the MR examinations, with agree-
ment by common consensus. The masses were analyzed taking into
account the following features: anatomical location, size, margins,
homogeneity, presence of capsule, peritumoral edema, presence of
fat either intralesionally or surrounding the lesion, signal intensity
characteristics on TI1-weighted, T2-weighted and post-contrast
images (12 of 18 masses), and presence of cysts. The size was
determined using the largest diameter of the tumor. The margins
were defined as sharp when more than 90% of the tumor rim was
sharply demarcated from the surrounding tissues, as lobulated when
the tumor was sharply demarcated but presenting some bulges in its
contour and as ill-defined when more than 75% of the margin was
unsharp. The homogeneity was evaluated on T2-weighted images,
considering the mass as homogeneous when the whole lesion had
the same signal intensity, or slightly heterogeneous when pre-
dominant background signal intensity was identified with linear
stranding in its interior like fibrous septa. When a feathery zone of
high signal intensity was seen extending from the margins of the
tumor to the surrounding tissues on T2-weighted sequences, it was
called edema. The edema was more conspicuous on STIR or fat-
saturated FSE T2-weighted sequences. A capsule-like structure was
considered when a rim of low signal intensity at the tumor pe-
riphery was demarcated by adjacent muscular edema on T2-
weighted sequences. Identification of fat adjacent to the lesion at
any point was considered as peritumoral fat. The presence of in-
tratumoral fat was also evaluated. Three patterns of enhancement
were defined after the use of GDG: (1) peripheral enhancement of
the mass without any internal enhancement (Fig. 1); (2) peripheral
and internal enhancement with linear stranding inside the tumor
(Fig. 2); and (3) peripheral enhancement and central areas with
focal patchy enhancement (Fig. 3). The presence of intratumoral
cysts, defined as focal round areas without internal contrast uptake

Fig. 1A—C Case 9. Intramuscular myxoma in a 71-year-old cau-
casian man. A Transverse T1-weighted spin-echo MR image shows
a bilobular homogeneous low-signal-intensity mass in the interval
brachioradialis and flexor carpi muscles (asterisks). Fat around the
lesion is identified (white arrow). B After the administration of

gadolinium there is a marked peripheral uptake without any sign of
internal enhancement (type lpattern). C Axial FSE T2-weighted
MR image shows a homogeneous mass with a high signal intensity
similar to that of fluid
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Fig. 2A—C Case 13. Intramuscular myxoma in a 48-year-old
caucasian woman. A Coronal T1-weighted MR image shows a
lobulated hypointense mass mildly heterogeneous in its interior
with peripheral fat in the superior (curved arrow) and inferior
(straight arrows) poles in the abductor magnus muscle. B Coronal
T1-weighted MR image after the administration of gadolinium
demonstrates peripheral (straight white arrows) and subtle linear
internal enhancement (gray arrows) (type 2 pattern). Peritumoral

fat (curved arrow) and a hypointense line (open arrow) consistent
with the pseudocapsule are seen. C Coronal fat-suppressed FSE T2-
weighted MR image shows the presence of edema (asterisk) in the
muscles surrounding the superior pole of the mass with an adjacent
area of low signal representing suppressed fat (curved arrow) (it
was hyperintense in A) and a hypointense peripheral line repre-
senting the pseudocapsule (open arrow)

Fig. 3A—C Case 4. Intramuscular myxoma in a 66-year-old cau-
casian woman. A Sagittal T1-weighted spin-echo MR image shows
a multiloculated low-signal-intensity and mildly heterogeneous
mass located in the right vastus medialis, surrounded by fat (white
arrows). B Axial FSE T2-weighted MR image demonstrates two
different components, one homogeneous and other mildly hetero-

but with thin peripheral enhancement (Fig. 3), was also analyzed.
These cystic areas also demonstrated low signal intensity on T1-
weighted-images and markedly high signal intensity on T2-
weighted images.

geneous, due to a prominent internal linear stranding. Both com-
ponents show high signal intensity, similar to that of fluid. C Axial
post-contrast T1-weighted MR image at the same level demon-
strates areas with marked patchy internal enhancement, corre-
sponding to an IM with type 3 pattern. Notice the presence of cystic
areas within the tumor

Pathological analysis

A musculoskeletal pathologist with more than 20 years of experi-
ence reviewed the available specimens of 11 tumors (cases 6 to 16
of Table 1 and Table 2). Multiple sections of each specimen in-
cluding sections of the whole tumor were made except for three



22

Table 1 Clinical data (U unknown, C caucasian, AA Afro-Ameri-
can, NA not available, NR no recurrence, FD association with fi-
brous dysplasia, FNA fine needle aspiration, ML myxoid liposar-

coma, NSMT non-specific myxoid tumor, /M intramuscular myx-
oma, MS myxoid sarcoma)

Patient  Age Sex  Race  Location Size Symptoms/Time” Follow-up FD FNA
no. (years) (cm)?* (months)
1€ 54 M U Deltoid TXTXS Mass/18 NA Yes No
3x3x2
2 58 F U Vastus medialis 5x3x2 NA NA No
3 66 F C Rectus femoris 4x3x%3 Mass/36 Recurrence Yes No
4 66 F C Vastus medialis 9Ix4x4 Mass/60 NR 30 No
5 75 F C Gluteus maximus 6Xx5%7 Mass/48 NR 6 ML
6 64 F C Rectus femoris 2x6x4 Mass/1 NA NSMT
7 41 F C Adductor maximus 6x3x3 Mass/24 NR 60 No
8 57 M AA Lattissimus dorsi 9x8x9 Incidental on CT NR 120 NSMT
9 71 F C Forearm 5x3x3 Mass/10¢ NR 3 No
10 39 F C Vastus lateralis 2Xx2x2 Mass/12 NA No
11 52 M C Triceps 4x2x3 Mass/14 NR 48 M
12 49 F C Deltoid Sx4x4 Mass/72 NR 16 ML
13 48 F C Abductor magnus Tx6%5 Mass/8 NR 4 MS
14 72 F C Vastus intermedius Tx3x%3 Mass/72 NR 3 NM
15 62 F AA Vastus medialis 3x4x3 Mass/6 NR 1 NSMT
16 65 F C Longissimus thoracis 3x2x3 Pain/6 NA NSMT
17 63 F C Gastrocnemius 9x6x4 Mass/84 NR 12 No
 Size in centimeters in craniocaudal, transverse and anteroposterior diameters respectively
" Clinical form of presentation/time of evolution in months
¢ Case 1 presented two deltoid masses
9 In case 9 the tumor was localized between brachiradialis and flexor carpi, through the interosseous membrane
Table 2 MR findings (H ho- : : :
mogencous, § Het slightly het- Egtlent Margins Homogeneity  T1 T2 GDG Capsule Edema  Fat
erogeneous, 7'/ signal intensity .
on Tl-weighted images, Hypo 1 Lobulated H Hypo Hyper No No Yes Yes
hypointense, 72 signal intensity Lobulated H Hypo Hyper No No Yes Yes
on T2-weighted images, Hyper Hyper No No Yes Yes
hyperintense, GDG pattern of 2 Sharp H Hypo Hyper No No Yes Yes
enhancement after administra- 3 Sharp H Hypo Hyper 2 Yes Yes Yes
tion of gadopentetate diglumide 4 Lobulated S Het Hypo Hyper 3/C Yes Yes Yes
and presence or absence of 5 Lobulated S Het Hypo Hyper 2 Yes Yes Yes
cysts, I peripheral enhancement 6 Lobulated S Het Hypo Hyper No No Yes® Yes
without internal enhancement, 2 7 Sharp H Hypo Hyper No Yes Yes Yes
peripheral and linear internal 8 Sharp S Het Hypo Hyper No No NAP Yes
enhancement, 3 peripheral and 9 Lobulated H Hypo Hyper 1 Yes Yes Yes
patchy internal enhancement, C 10 Sharp H Hypo Hyper 3 No Yes No
presence of cysts) 11 Lobulated S Het Hypo Hyper 2 Yes Yes Yes
12 Sharp H Hypo Hyper 2 Yes Yes Yes
13 Lobulated S Het Hypo Hyper 3 Yes Yes Yes
14 Sharp H Hypo Hyper 3 Yes Yes Yes
15 Sharp H Hypo Hyper 3/C Yes Yes No
16 Lobulated H Hypo Hyper 3/C Yes Yes Yes
17 Lobulated S Het Hypo Hyper 3/C Yes Yes Yes

#In case 6 a fine needle aspiration (FNA) was performed 15 days before MR, imaging; therefore, the
presence of edema was not considered in the final analysis
In case 8 the presence of edema was not assessable because the only T2-weighted sequence available

was a gradient-echo

cases in which the periphery of the lesion was not available. All
sections were embedded in paraffin and stained with hematoxylin-
eosin. An estimation of cellularity was made by counting non-
vascular nuclei in three random high-power fields (x40) and ob-
taining an average number of nuclei per high-power field. The
results were divided into three categories: 1+, <40 nuclei per high-
power field; 2+, 40—-60 nuclei per high-power field; 3+, >60 nuclei

per high-power field. As the cellularity grade varied within the
same tumor, each mass was classified according to the overall
grade of cellularity. Fibrous bands were classified from 0 to 3+
according to their prominence in microscopic sections. Pseudo-
cysts, defined as spaces without an epithelial lining, were divided
into micropseudocysts (<2 mm diameter) and macropseudocysts
(>2 mm diameter). Because the analysis was retrospective, direct
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correlation of MR findings of individual tumors was limited, since
specific sample areas were not known at the time of the surgical
pathology examination.

Results

Clinical results

Table 1 lists the clinical and pathological data of the
patients in the study. The tumors involved the thigh
muscles (n=10), the upper arm and shoulder (n=4) and the
forearm, gluteus, paraspinal and chest wall muscles one
each. The tumor diameter measured by MR imaging
varied from 2.5 to 9 cm (mean average 5.7 cm) at the
moment of the diagnosis. The predominant form of pre-
sentation was a painless mass in 14 of 16 patients (88%);
this information was not available in one patient. The
clinical symptoms lasted from 1 month to 7 years. There
were two cases of Mazabraud’s syndrome (Fig. 4). Post-
surgical follow-up was available in 12 patients (mean
time 29.7 months, range 1-84 months). There was only
one recurrence in a case of Mazabraud’s syndrome.

Nine patients underwent a fine needle aspiration (FNA)
prior to surgery. A diagnosis of IM was established in one
case; the rest of the results of the FNA are listed in Ta-
ble 1. In all patients the histological diagnosis of IM was
established according to the pathological report of the
excised tumor.

MR findings

Table 2 summarizes the MR findings. All 18 masses
showed the bulk of the tumor with predominantly high
signal intensity on T2-weighted images, and all were
clearly hypointense on T1-weighted images. Eleven mass-
es were completely homogeneous (Figs. 1, 4), and the
remaining seven were slightly heterogeneous (Figs. 2, 3),
probably due to the presence of fibrous septa. Ten tumors
showed discrete lobulations (Fig. 4), although eight were
sharply demarcated (Figs. 1, 2, 3). None of the tumors
presented ill-defined borders. Edema in the surrounding
muscles was identified in all masses (Fig. 2) in cases
where T2-weighted or STIR images were available (this
includes 17 masses in our series). Fat surrounded the le-
sion in 16 masses (Figs. 1, 2, 3), always showing a
predilection for the superior and inferior poles of the le-
sion, although two tumors were entirely surrounded by
fat. Edema was more commonly observed around both
poles of the IM. Five masses also presented edema around
the equator of the lesion. A capsule was identified in 12
masses on T2-weighted sequences (Fig. 2). Following the
intravenous administration of GDG, seven patients had
type 3 enhancement (Fig. 3), four tumors type 2 (Fig. 2)
and one tumor had negligible internal enhancement of

Fig. 4 Case 3. Mazabraud’s syndrome in a 66-year-old caucasian
woman. Coronal FSE T2-weighted MR image demonstrates typical
changes of fibrous dysplasia in right pelvis and femur, with the
presence of an IM in the medial thigh

type 1 (Fig. 1). Cysts were identified in four masses
(Fig. 3), all of them in tumors with type 3 enhancement
patterns.

Pathological findings

Macroscopically, the myxomas were described as ge-
latinous masses. Neither hemorrhage nor necrosis was
identified. Microscopic examination showed the bulk of
the neoplasm to consist of paucicellular myxoid tissue
with sparse blood vessels associated with fibrous bands.
None of these tumors presented areas of significantly
increased vascularity. The lower the cellularity the more
abundant the myxoid component of the tumor tended to
be (Fig. 5A). The results are tabulated in Table 3, which
shows three of the tumors to have 1+ cellularity, 3 to have
2+ cellularity, and 5 to have 3+ cellularity.

In all cases with available sections of the periphery of
the lesion (n=8), myxomas extended into adjacent muscle,
dividing the muscle into small groups of fibers, some of
them atrophic. Empty spaces separating muscular fibers
were consistent with edema (n=8) (Fig. 5B). In addition to
muscular infiltration, there was a condensation of fibrous
tissue no more than 1-2 mm in thickness and discontin-
uous at the myxoma/muscle junction, producing a distinct
partial fibrous capsule in seven of the eight specimens
with sections of the myxoma/muscle junction (Fig. 5B,
C). Although fat cells were identified around the lesion in
all cases, no extensive samples of the periphery of the
tumor were available.

Internal fibrous bands were also present within most of
the tumors (Table 3, Fig. 5D). Cyst-like areas were
identified in one case at the time of the gross examination
(case 8). Microscopically, pseudocysts were identified in
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Fig. SA—E Microscopic pathological findings of intramuscular
myxoma. (A) Specimen from casel2 (hematoxylin-eosin stain;
original magnification x13.2) shows the typical appearance of a
basic myxomatous area, composed of scarce round or spindle cells
enmeshed within an abundant myxoid stroma with rare blood
vessels. B Specimen from case 12 (hematoxylin and eosin stain;
original magnification x13.2) demonstrates normal muscle (M) fi-
bers separated by empty spaces representing edema (E). Atrophic
muscles (AM) and fat cells (F) are also demonstrated. In this section

six masses (Table 3, Fig. 5E). Four of the 11 tumors had
micropseudocysts and two, macropseudocysts. Case 8§,
which was reported as containing a cyst in the gross ex-
amination, had only microcysts microscopically. The
explanation for this could be either that no attempt was
made to sample the gross cyst or that the cyst was too
large to be demonstrated on a slide.

MR-pathological correlation
In the 11 patients with available pathology specimens, a

correlation between the MR and pathological findings
was carried out for the presence of fibrous septa and the

the pseudocapsule (P) is separating myxomatous stroma (MS). C
Specimen from case 15 (hematoxylin-eosin stain; original magni-
fication x13.2) shows a peripheral condensation of fibrous tissue,
representing the pseudocapsule (P), separating normal muscle (M)
from myxoid tissue (/M). D Specimen from case 12 (hematoxylin-
eosin stain; original magnification x13.2) shows a fibrous band
(FB) within myxoid tissue. E Specimen from case 10 (hematoxylin-
eosin stain; original magnification x3.3) demonstrates multiple
spaces without epithelial lining representing macropseudocysts

presence of a capsule, with the help of T2-weighted im-
ages and the cellularity and presence of pseudocysts with
the enhancement pattern.

Of the 11 cases, seven had a homogeneous appearance
on T2-weighted images, six of which (86%) showed
scarce fibrous bands (groups 0, 1+) on the microscopic
analysis, and four masses had slightly heterogeneous ap-
pearance, three of which (75%) showed abundant fibrous
bands (groups 2+, 3+).

The periphery of the myxoma was only partially
sampled in eight masses. Six had segments of a capsule
on T2-weighted images and partial capsule on the mi-
croscopic analysis, showing a strong radio-pathological
correlation, while two had no capsule on MR but a partial
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Table 3_M!Croscop1c patho- Patient Cellularity® Fibrous Partial capsule Pseudocysts® GDG
logical findings and enhance- 1o. bands®
ment patterns
6 3+ 1+ Yes No No
7 2+ 3+ Yes No No
8 3+ 3+ Not sampled Micro No
9 1+ 1+ Not sampled No 1
10 2+ 1+ Muscle only Macro 3
11 1+ 3+ Yes Macro 2
12 1+ 1+ Yes Micro 2
13 3+ 2+ Not sampled Micro 3
14 3+ 1+ Yes No 3
15 2+ 1+ Yes Micro 3/C
16 3+ 0 Yes No 3/C

# Cellularity determined by nuclei per x40 objective field: 1+, <40; 2+, 40-60; 3+, >60
Fibrous, classified into 1+ to 3+, estimates the prominence of fibrous bands in microscopic sections
¢ Pseudocysts are classified as microcysts <2 mm in maximum diameter or macrocysts >2 mm in

maximum diameter

4 Pattern of enhancement after administration of gadopentetate diglumide and the presence or absence
of cysts. 1, peripheral enhancement without internal enhancement; 2, peripheral and linear internal
enhancement; 3, peripheral and patchy internal enhancement; C, presence of cysts

capsule was identified pathologically in one. The absence
of fat in the periphery of these eight masses may be due to
the lack of good sampling of the upper and inferior poles.

All eight tumors with enhanced MR studies and
pathological analysis showed peripheral enhancement,
with seven showing mild internal enhancement and one
with a complete absence of internal enhancement. All
tumors with a higher level of cellularity showed patchy
internal enhancement (n=5), with two also showing in-
ternal cystic areas on MR imaging. Three tumors had poor
cellularity and were rich in myxoid stroma, of which one
had absence of enhancement and two had linear internal
enhancement; this lineal enhancement represented fibrous
bands. Therefore, the presence of more prominent en-
hancement in this series is related to tumors with more
cells and less myxoid tissue. The histological presence or
absence of pseudocysts and their size did not seem to
influence the presence or absence of internal enhance-
ment.

Discussion

Clinical, demographic and location data in our series
correlated well with those observed in other studies, ex-
cept for our larger female/male ratio (3:1). Pathological
findings in our series are similar to the classic histological
description of IM. Our data are also consistent with pre-
vious literature [39] rendering a specific diagnosis of IM
with FNA in only 1 of 9 cases. This is due to the scant
cellularity and the non-specific cytological features of IM
[12]. Moreover, as in this series, areas of increased cel-
lularity have been previously reported, which raises the
likelihood of making an erroneous diagnosis of myxoid
sarcoma [42]. Therefore, a surgical biopsy is necessary
for definitive diagnosis.

The MR appearances of this tumor have recently been
shown to be more diverse [37, 38] than previously de-
scribed [10], with complete or partial capsule, intratu-
moral cysts, surrounding fat rim or cap and surrounding
muscular edema being added to its typical cystic ap-
pearance.

On T2-weighted images, seven masses presented a
heterogeneous appearance in our series, due to the pres-
ence of a fine linear stranding within the tumor, repre-
senting thin fibrous septa. This finding has been reported
previously in the literature [12, 37, 38], and in previous
ultrasound descriptions [8]. Moreover, microscopic anal-
ysis in our series demonstrated scarce fibrous bands in
86% of the cases with a homogeneous appearance, and
more prominent and numerous fibrous bands in 75% of
the tumors with linear stranding on MR imaging.

Most of the previously reported cases [8, 10, 13, 14,
15, 16, 17, 18, 33, 36, 37, 38, 40, 41] evaluated by GDG
had either heterogeneous internal enhancement or pe-
ripheral enhancement with occasional fine internal septa.
All 12 tumors analyzed with post-contrast sequences in
our series showed peripheral enhancement which corre-
sponded to the described pseudocapsule of the patholog-
ical literature [39, 43]. Microscopically, the junction of
the tumor with the adjacent tissue did not form a well-
defined capsule, but there were areas of condensation of
collagen fibers forming a partial capsule in seven out the
eight cases where samples of the periphery of the tumors
were available for pathological analysis. On T2-weighted
images, this pseudocapsule corresponded to a hypointense
rim surrounding the periphery of the tumor, and was
identified on six of the seven masses with confirmed
partial capsule on the histological analysis while not be-
ing present in the only mass that did not show this feature
histologically.
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In our limited histological analysis, all five masses
with patchy internal enhancement had rich cellularity and
scant myxoid matrix whereas tumors without internal
enhancement (n=1) or with internal linear stranding rep-
resenting fibrous septa (n=2) had poor cellularity and
abundant myxoid matrix. Therefore, tumors with rich
cellularity and less myxoid matrix showed more promi-
nent internal enhancement in this series. No focal areas of
increased vascularization were identified in any mass.
Unlike our findings, recently reported data described the
enhancement as proportional to the amount of myxoid
tissue [36] or related to focal areas of relative hypervas-
cularity [37].

Cysts were demonstrated within four masses in post-
contrast images in this series (33%). In contrast to the
recent literature [38], we did not find agreement between
the identification of cysts on MR imaging and patholog-
ical examination and there was no relationship between
either the presence or number of pseudocysts and the
different enhancement patterns.

The presence of edema has been related to IM in the
pathological and, recently, the radiological literature [37,
38, 41]. Every mass with a SE or FSE T2-weighted se-
quence in our series showed this feature, more commonly
around both poles of the lesion, although it was sur-
rounding the equatorial zone of the tumor in five cases.
The presence of edema sometimes involved a slight loss
of sharpness in the poles, but it also allowed the indirect
visualization of a pseudocapsule in 75% of the masses.
The edema corresponded pathologically to portions of the
tumor merged with the adjacent muscle, separating the
fibers and creating empty spaces. Edema has also been
related either to the extension of mucoid material from the
tumor into adjacent muscle fibers [38] or to secondary
irritation of the muscular tissue [41].

Another frequent finding on MR imaging in this series
was the presence of fat around both poles in 89% of the
lesions, which has been reported previously [7, 37, 38,
41], and has been related pathologically to fatty muscle
atrophy [38] due to the infiltrative pattern of slow growth
of IM [37]. However, microscopic analysis of our cases
has not revealed the presence of significant fat around the
lesion, probably due to the absence of extensive samples
of the periphery of the tumors. In two cases, a more
prominent fat deposit around almost the whole mass was
observed on MR imaging, which may be secondary to
displacement of intra- and intermuscular fatty connective
tissue by the tumor, as reported in the previous patho-
logical literature [12].

The association between IM and fibrous dysplasia is
known as Mazabraud’s syndrome. Sixty cases [13, 17, 18,
25, 26, 27, 32, 33, 35, 36, 38, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63] have
been described in the literature, including the two cases of
the present series. IM when associated with fibrous dys-
plasia presents some distinctive features: (1) it is usually
in the vicinity of the bone with a more extensive area

affected; (2) multiplicity of the IM is common; (3) local
recurrence of IM after surgery has been reported in six
cases [26, 42, 50]. One IM associated with Mazabraud’s
syndrome in this series demonstrated multiplicity and the
other recurrence after excision. The MR appearance of IM
associated with fibrous dysplasia shows no differences
from the solitary form of IM in the 17 reported cases in
the literature [13, 17, 18, 25, 26, 27, 32, 33, 35, 36, 38], as
in this series.

Cystic masses such as synovial cysts, ganglions,
lymphoceles or seromas may mimic the appearance of
IM on unenhanced MR imaging, but an intramuscular
location of these conditions is uncommon and they are
usually truly cystic, non-enhancing lesions [38]. IM must
also be differentiated from deep myxoid lesions localized
in the extremities. This group includes [64]: myxoid
peripheral nerve sheath tumors, extraskeletal myxoid
chondrosarcoma, myxoid liposarcoma, myxofibrosarco-
ma, myxoid leiomyosarcoma, low-grade fibromyxoid sar-
coma (LGFMS) and cellular myxoma (CM).

Benign and 10% of malignant peripheral nerve sheath
tumors [64] may have a large myxoid component. Most of
the time, they are intermuscular and related to a nerve
[38]. The most important imaging feature for their rec-
ognition is their typical fusiform morphology, which
represents the tubular entering and exiting nerve [65]. On
MR imaging, extraskeletal myxoid chondrosarcoma, like
IM, appears as brighter than muscle on T2-weighted im-
ages [11, 12, 13], with mild peripheral to septal en-
hancement after contrast material injection [66]. How-
ever, unlike IM, it appears as a heterogeneous ill-defined
mass with variable signal intensity on T1-weighted im-
ages [11, 12, 13]. The presence of areas of chondroid
matrix mineralization can also allow their differentiation
[66]. Myxoid liposarcoma is the most common source of
confusion with IM when the myxoid component is high
[7, 64]. It is usually a well-defined and septated mass,
hypointense [67, 68] or isointense [69] to muscle on T1-
weighted images and hyperintense on T2-weighted im-
ages. Features that distinguish it from IM are its com-
monly intermuscular location [38], the presence of inter-
nal lacy and linear foci of high signal on T1-weighted
images representing fat [67, 70], and a heterogeneous and
more diffuse enhancement after GDG administration than
the typical patterns of IM [71]. Myxofibrosarcoma is a
subtype of malignant fibrous histiocytoma, more hetero-
geneous and ill-defined than IM [72], but like IM it also is
very hyperintense on T2-weighted images and typically
shows peripheral nodular enhancement [11, 73]. To our
knowledge there are no reported MR imaging descriptions
of LGFMS, CM and myxoid leiomyosarcoma. LGFMS
and CM are two recently reported benign myxoid tumors
with the potential for recurrence, clinically similar to IM
[64].

In clinical practice, MR imaging findings raise the
suspicion of IM in cases of an intramuscular mass with a
cystic appearance on unenhanced sequences, with pe-
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ripheral and a variable degree of internal enhancement on
post-contrast images, and possibly the identification of
intratumoral cystic areas. The most distinctive features of
IM are the identification of a perilesional fat ring and the
presence of edema in adjacent muscles [37].

Inherent limitations of our study are related to the
small number of cases included. Because of its retro-
spective character and its multi-institutional origin, it
was not possible to have a standard MR protocol or a
direct correlation between the MR and pathological

In conclusion, IM must be suspected in a patient over
40 years, often a woman, presenting with a painless mass
involving a proximal large group of muscles (usually the
anterior thigh). Radiologically, the tumor is intramuscular
with usually a cystic-like appearance, mostly homogene-
ous on conventional MR imaging. The presence of fat or
edema in the surrounding muscles is frequent. The use of
GDG can help in its characterization as this tumor most
commonly shows peripheral and internal enhancement.
Other features of IM are the presence of internal cystic

findings. areas.
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