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Original Article

MR Imaging of the Musculoskeletal Soft
Tissue Mass: Is Heterogeneity a Sign of
Malignancy?

Background. Magnetic resonance (MR) is considered the imaging modality of
choice to evaluate soft tissue lesions. Whether MR imaging can be used to differenti-
ate benign from malignant soft tissue lesions is still controversial. To elucidate this
controversy, MR images of 37 patients with soft tissue masses of the musculoskeletal
system were reviewed at Christchurch Hospital, New Zealand.

Methods. There were 19 benign and 18 malignant lesions. MR images were evalu-
ated with regard to lesion size, border definition, homogeneity, changes in pattern of
homogeneity, signal characteristic (signal intensity on T1-weighted, T2-weighted),
and demonstration of relation to neurovascular bundle and bone as well as edema in
or around the lesion.

Results. Statistically significant imaging features favoring a diagnosis of malignancy
included inhomogeneity at T2-weighted images (p = 0.002) and a change in pattern
from homogeneity on T1-weighted images to inhomogeneity at T2-weighted images
(»=0.003). Malignant tumors also had neurovascular or bone involvement in 28% of
cases, which was not seen in their benign counterparts. Size, border definition, and
edema of surrounding tissues were generally not helpful in distinguishing benign
from malignant soft tissue masses.

Conclusions. The inhomogeneity of lesions on T2, the change from homogeneity on
T1 to inhomogeneity on T2 sequence, and involvement of bone or neurovascular
structures are features that may be helpful in differentiating benign from malignant
soft tissue masses.

agnetic resonance (MR) has been used exten-
Msively to study soft tissue tumors. It is considered
superior to CT because of its sensitivity in identifying
and staging soft tissue neoplasms of the musculoskeletal
system.'” However its ability to differentiate benign
from malignant soft tissue masses is still controversial.
Several authors have found MR imaging to be unreliable.
A careful study published in 1992 from Crim and col-
leagues warned that the ability to distinguish benign
from malignant soft-tissue masses with MRI was only
50% for benign masses and 80% for malignant masses.*
Kransdorf et al. reviewed their experience with 112 soft
tissue masses.’ They found that MR appearances were
only sufficiently characteristic to allow a specific diag-
nosis in 24% (10 lipomas, 8§ hemangiomas, 6 pigmented

villonodular synovitis, 2 hematomas and 1 arteriovenous
malformation). On the other hand, other groups have
thought it to be useful. Wetzel and Levine reported an ac-
curacy of 86% in soft tissues of the foot.® Bequist ef al.
reviewed their findings in 95 consecutive soft tissue
masses and concluded that the benign or malignant na-
ture of the lesion could be determined in 90% of cases.’
To further investigate this controversy, we reviewed our
experience with MR imaging of soft tissue masses in pa-
tients admitted to Christchurch Hospital, New Zealand.

METHODS

MR images of 37 patients with soft tissue masses
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were retrospectively reviewed. Most of the images were
performed at Christchurch Hospital, New Zealand. There
were 27 men and 10 women ranging in age from 2 to 87
years. The average age of patients with benign lesions
was 43 and, of those with malignant masses, 56. In sev-
eral instances, the patients were referred to us for a sec-
ond opinion or for surgery.

MR images were obtained on a 0.5T Gyroscan T5 11
(Philips Medical Systems). Both T1-weighted and T2-
weighted spin echo sequences were available for each
examination. T2-weighted images were obtained with
turbo spin echo technique (fast spin echo). In all cases,
images were available in at least 2 planes. Section thick-
ness varied from 4 to 6 mm. Surface coils appropriate to
the site being examined were used.

The MR images were reviewed by 2 radiologists in-
dependently without knowledge of the data from surgery.
The 2 reviewers agreed with each other in most of the ex-
aminations; when there was disagreement, a consensus
was reached. MR images were evaluated with regard to
lesion size, border definition, homogeneity, signal char-
acteristic (signal intensity on TI1-weighted and T2-
weighted images), pattern, relationship of the mass to the
neurovascular bundle and bone, and the presence or ab-
sence of edema in or around the lesion.

Homogeneity of the MR signal was categorized as ho-
mogenous, mild, moderate, or complex. A lesion was con-
sidered homogenous when it was a cyst-like or nearly
cyst-like mass and was completely homogenous; mild ho-
mogeneity was defined as less than 25% of the mass hav-
ing inhomogeneity; moderate inhomogeneity as 25-50%
of the mass having inhomogeneity; and complex as more
than 50% of the mass having inhomogeneity. Any change
in pattern between T1-weighted images and T2-weighted
images was noted.

Signal intensity was categorized on both T1- and
T2-weighted images as lower than, equal to, or greater
than that for muscle and lower than, equal to, or higher
than that for fat for each sequence.

Pathologic diagnosis was established in 32 cases. A
tissue diagnosis was not available for the 3 posttraumatic
hematomas, the post-surgical lymphocele and 1 case of
lipoma. In these patients, a radiological diagnosis could
be made with certainty by appropriate history and clini-
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cal follow up.

Data analysis was performed with Winks Basic soft-
ware, version 4.5 (TexaSoft). The Wilcoxon rank sum
test was used for continuous variables; the chi-square test
and Fisher exact test (two-tailed) for categorized vari-
ables. A p value of < 0.05 was considered to be signifi-
cant.

RESULTS

The 37 soft tissue masses included 19 benign lesions
and 18 malignant neoplasms. The specific diagnoses are
listed in Table 1.

The size of malignant masses tended to be larger, av-
eraging 7.84 cm vs 5 cm for benign masses. However, this
difference was not statistically significant (p = 0.264).

On both T1- and T2-weighted images, 8 malignant
lesions were well defined and 10 were partially or poorly
defined. In the benign category, 13 were well defined and
6 were partially or poorly defined, with the exception of
one which was poorly defined on T1 but became well de-

Table 1. Diagnosis of 37 soft tissue masses

Type of mass Number of cases

Benign

Schwannoma

Desmoid

Gout

Abscess

Post-surgical lymphocele
Synovitis

Aneurysm

Hematoma
Intramuscular hemangioma
Lipoma

Malignant
Chondrosarcoma
Lymphoma
Leiomyosarcoma
Liposarcoma

Malignant melanoma
Malignant fibrous histocytoma
Metastases

Myxoid sarcoma
Sarcoma

Synovial sarcoma

[N T SV YU NG Y S S SN

—_—N = = A =N W =




November 2003 MRI Soft Tissue Mass. Benign vs Malignant

Table 2. Benign lesions in 19 patients

Tumor T1W1 T2W1
Pattern SI Border Pattern SI Border
M F M
Schwannoma X = - def X + def
Desmoid X = - poor XXX = - poor
Gout 0 = - def 0 = - def
Abscess 0 = - poor XXX + + poor
Abscess 0 = - poor 0 + + def
Lymphocele 0 - poor 0 + + poor
Synovitis X - - def X + + def
Aneurysm XXX + - def XXX = - def
Hematoma X + - poor XXX + + poor
Hematoma 0 - - def 0 - - def
Hematoma X + - part X + + part
Hemangioma 0 + - def 0 + + def
Lipoma 0 + = def 0 + = def
Lipoma 0 + = def 0 + = def
Lipoma 0 + = def o + def
Lipoma 0 + = def 0 + = def
Lipoma 0 + = def 0 + = def
Lipoma 0 + = def 0 + = def
Lipoma 0 + = def 0 + = def
Pattern: o, homogenous; x, mild inhomogeneity; xx, moderate; xxx, complex.
Border: def, defined; part, partially defined; poor, poorly defined.
SI: signal intensity; M, muscle; F, fat; (-), less than, (=), equal to; (+), greater than.
Table 3. Malignant lesions in 18 patients
Tumor T1W1 T2W1
Pattern SI Border Pattern SI Border
M F M
Chondrosarcoma X - - def X + def
Lymphoma 0 + - def XXX + - def
Lymphoma X = - poor XXX + - poor
Leiomyosarcoma 0 = - poor XX + - poor
Leiomyosarcoma X = - poor XX = poor
Liposarcoma X + = def X + def
Liposarcoma XXX + = def XXX + = def
Liposarcoma 0 + = def 0 + = def
MFH o - poor X + + poor
MFH X = - poor XXX + + poor
MFH X + - poor XXX + + def
MFH X = - def XXX + + poor
Melanoma 0 = - poor XXX + - poor
Metastases 0 = - poor X + + poor
Myxoid sarcoma 0 = - def 0 + + def
Sarcoma XXX + - part XXX + + part
Sarcoma X + - poor XXX + - poor
Synovial sarcoma X = - poor XX + + poor

Pattern: o, homogenous; x, mild inhomogeneity; xx, moderate; xxx, complex.
Border: def, defined; part, partially defined; poor, poorly defined.
SI: signal intensity; M, muscle; F, fat; (-), less than, (=), equal to; (+), greater than.
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fined on T2. Statistical analysis with chi-square on the
border between the 2 groups on T1 and T2 sequences
yielded p values of 0.142 and 0.071, respectively. Fisher
exact test also yielded nonsignificant p values of 0.191
and 0.099, respectively.

Homogenous signal intensity was seen in 68% of T1-
and 63% of T2-weighted images of benign lesions (Table
2). Malignant lesions were less homogenous on T2-
weighted images. Only 11% demonstrated homogeneity
on T2- as compared to 39% at T1-weighted images (Ta-
ble 3). Chi-square and Fisher exact test for homogeneity
in benign and malignant lesions on the T1 sequence
yielded nonsignificant p values of 0.072 and 0.103, re-
spectively.

On T2-weighted images, half of the malignant le-
sions had complex inhomogeneity, compared with only

11% of benign lesions (Fig. 1). The difference between
the 2 groups was significant by chi-square test (p =
0.001) and Fisher exact test (» = 0.002).

In 13 out of the 18 malignant lesions (72%), the pat-
tern changed between T1- and T2-weighted images: 2
from homogenous to mild inhomogenity, 1 from homoge-
nous to moderate inhomogeneity, 2 from homogenous to
complex heterogeneous, 2 from mild inhomogeneity to
moderate inhomogeneity, 5 from mild to heterogeneous
(Fig. 2),and 1 from moderate to complex heterogeneity. In
contrast only 3 of the 19 benign soft tissue masses (16%)
changed: 1 from homogenous to complex inhomogenity,
and 2 from mild to moderate inhomogeneity (Table 4).
The difference between the two groups was significant by
a chi-square test (»p = 0.001) and Fisher exact test (p =
0.003).

Fig. 1. Sarcoma of the right shoulder in a 79-year-old male.
(A) Coronal T1-weighted (981/22/2) spin-echo image shows
complex inhomogeneity (arrow). (B) Coronal T2-weighted
(5500/130/6) spin-echo image also shows complex in-
homogeneity (arrow).

658

Fig. 2. Malignant fibrous histiocytoma of the left upper
thigh in a 63-year-old male. (A) Axial T1-weighted
(1321/13/2) spin-echo image shows mild inhomogeneity
(arrow). (B) Axial T2-weighted (2998/110/4) spin-echo
image shows complex homogeneity (arrow).
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Table 4. Pattern change from T1- to T2-weighted image

Benign Malignant
Homogenous to mild inhomogeneity 0 2
Homogenous to moderate inhomogeneity 0 1
Homogenous to complex inhomogeneity 1 2
Mild inhomogeneity to moderate inhomogeneity 0 2
Mild inhomogeneity to complex inhomogeneity 2 5
Moderate inhomogeneity to complex inhomogeneity 0 1
Total number of cases 3 13

Fig. 3. Leiomyosarcoma of the left knee in a 40-year-old
male. Axial T1-weighted (550/20/2) spin-echo image shows
cortical destruction at the anterior lateral distal femoral
shaft (arrow).

Neurovascular encasement or bone involvement was
seen in 28% of malignant soft tissues neoplasms (Fig. 3)
but not in any of the benign masses. Edema of the sur-
rounding tissue was seen in 16% of benign and 11% of
malignant lesions.

DISCUSSION

Although malignant tumors were larger than benign
masses on average, this was not a useful parameter for
distinguishing between them. Gelineck er al.® observed
that deep-seated fatty tumors greater than 5 cm had a
greater risk of being malignant than smaller and superfi-
cially located tumors. In our series, we also found that
liposarcomas tended to be more deep-seated than the be-
nign counterpart, which was more likely to be superfi-
cial.

Border definition was generally not helpful. In our
series, 45% of malignant lesions had well-defined bor-
ders on T2-weighted images as compared to 74% of be-
nign lesions. An irregular border was noted in 55% of
malignant tumors and 26% of benign tumors, including
abscess, lymphocele, hematoma, and a desmoid tumor.

Although the margin of the lesion was not specific,
inhomogeneity of signal intensity strongly suggested
malignancy. This feature has been mentioned in other re-
ports, and cellularity and necrosis were thought to attrib-
ute to the inhomogeneity of MRI signal intensity. In
1987, Sundaram ef al. found that tumors which were rel-
atively acellular and contained a large amount of colla-
gen showed relatively low signal intensity on T2-weighted
images, and concluded that the cellularity of a tumor
rather than the histological diagnosis influenced the MRI
signal on T2 WL’ In 2002, Shuto ef al. also found good
correlation of cellularity with inhomogeneity in their
study on desmoplastic fibroblastoma.'® They found that
their lesion had inhomogenous low signal intensity on
T1-weighted images and mixed signal intensity on
T2-weighted images. Histologically, the areas showing
low SI on both T1- and T2-weighted images consisted of
dense collagenous components and reduced cellularity
compared with the areas showing high signal intensity on
them. Thus cellularity, mitotic rate, and the presence of
necrosis all influence MRI signal intensity and can be of
potential in predicting malignancy.

In our series, only 2 of the 18 malignant neoplasms
(11%) were homogenous on T2-weighted image, as com-
pared with 12 of the 19 benign lesions (63%). One of the
benign lesions with complex inhomogeneity was a de-
smoid tumor, a very aggressive tumor that behaved like a
malignant lesion. The patient had had 2 local recurrences
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with repeated surgical resection and radiotherapy. Other
benign lesions with complex inhomogeneity were a
bleeding aneurysm of the popliteal artery, a hematoma,
and an abscess. Schwannoma and synovitis also had a
minor degree of inhomogeneity. T1-weighted images
were generally not helpful in differentiating benign from
malignant soft tissue mass, with inhomogeneity seen in
11 of the 18 malignant neoplasms and 6 of the 19 benign
counterpart. Thus, it appears that inhomogeneity on T2-
weighted images better distinguishes the 2 types of le-
sion.

Another criterion we found useful was a change in
pattern from the T1- to the T2- weighted image. This
change of pattern has also been mentioned by Herman. "'
His group observed that 72% of malignant tumors in
their series were homogenous on T1-weighted images
but inhomogenous on T2-weighted images, while 67%
of benign tumors appeared unchanged. Only 3 of their 24
benign tumors (12.5%) changed from being homoge-
nous to heterogeneous. Our results were similar. The pat-
tern changed in only 3 of our 19 benign lesions, one of
which was the desmoid tumor, changing from mild
inhomogeneity on T1 to complex inhomogeneity on T2.
Thirteen of our 18 malignant lesions did change.

Edema of the surrounding tissue on T2-weighted im-
ages might be due to tissue edema or tumor extension.'
It was present in 2 abscesses, 1 traumatic hematoma, 1
lymphoma, and 1 malignant fibrous histiocytoma. Not
only was tissue edema an uncommon finding, but we did
not find it helpful in distinguishing benign from malig-
nant lesions. However, if a lesion is already known to be
malignant, it might be a good indicator of tumor exten-
sion.

Some authors have considered the presence of septa
to be useful in differentiating benign from malignant tu-
mors.*"® In 1997 Hosono et al. observed that in lipo-
sarcoma, the septum usually exceeded 2 mm and en-
hanced considerably, while septa of benign lipomas were
generally thin.'* While we believe septa may be helpful
in differentiating well-differentiated liposarcoma from
lipoma, only a small portion of our patients had septation
on T2 weighted images. Therefore, it does not seem to be
a useful parameter overall.

Neurovascular encasement or bone involvement was
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seen in 28% of the malignant neoplasms but not in be-
nign soft tissue lesions, a finding also noted by Bequist et
al. They stated that neurovascular encasement and bone
involvement suggested malignancy until proven other-
wise.”

Various dynamic gadolinium-enhanced MR techniques
have been developed for differentiating benign from ma-
lignant musculoskeletal masses.'>'® A study of a turbo
gradient-echo technique found that arterial and early tu-
mor enhancement (sensitivity 91%, specificity 72%), the
pattern (peripheral or diffuse) of enhancement (sensitivity
73%, specificity 97%), and the progression of tumor en-
hancement (sensitivity 86%, specificity 81%), as visual-
ized on time-signal intensity curves, helped differentiate
benign from malignant soft-tissue masses. Due to the limi-
tations on our scanner, we have had little experience in dy-
namic imaging of soft tissue masses.

Another important limitation in our study was that it
was retrospective. Not all patients been studied with the
sequences we wanted. The short tau inversion recovery
(STIR) sequence reportedly showed complete fat sup-
pression in benign lipomatous lesions but not in lipo-
sarcomas.'’ Also, the small numbers in our study made
drawing strong conclusions difficult.

Our study does support the contention that inhomoge-
neity of lesions on T2, a change from homogeneity on T'1
to inhomogeneity on T2 sequences, and involvement of
bone or neurovascular structures may be helpful in dif-
ferentiating benign from malignant soft tissue masses.
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