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Objective: Differentiating between malignant and benign lesions on the basis of MR
images depends on the experience of the radiologist. For non-experts, we aimed to
develop a simplified systematic MRI approach that uses depth, size and heterogeneity
on T2 weighted MR images (T2WI) to differentiate between malignant and benign
lesions, and evaluated its diagnostic accuracy.
Methods: MR images of 266 patients with histologically proven soft-tissue tumours of
the extremities (102 malignant, 164 benign) were analysed according to depth
(superficial or deep), size (,50, $50 mm) and signal intensity (homogeneous or
heterogeneous) on T2WI, to determine the ability of each to predict benign and
malignant tumours. These three parameters were categorised into systematic
combinations of different orders of application, and each combination was assessed for
its ability to differentiate between benign and malignant lesions.
Results: Univariate analysis showed that depth, size and heterogeneity on T2WI
differed significantly between benign and malignant masses (p,0.0001 each). Multiple
logistic regression analysis, however, showed that depth was not helpful in
distinguishing benign from malignant lesions. The systematic combination of signal
intensity, size and depth, in that order, was superior to other combinations, resulting in
higher diagnostic values for malignancy, with a sensitivity of 64%, a specificity of 85%,
a positive predictive value of 32%, a negative predictive value of 59% and an accuracy
of 77%.
Conclusion: A simplified systematic imaging approach, in the order signal intensity,
size and depth, would be a reference to distinguish between benign and malignant
soft-tissue tumours for non-experts.
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Soft-tissue sarcomas of the extremities are rare
neoplasms of mesenchymal origin, accounting for
approximately 1% of all malignant tumours [1]. The
incidence of benign soft-tissue tumours is much higher,
although their exact incidence is not known [2]. Survival
of patients with malignant soft-tissue tumours depends
mainly on adequate and timely resection, and/or
adjuvant or neoadjuvant radiotherapy, and/or che-
motherapy, whereas benign tumours require less aggres-
sive treatment. Imaging is used not only for local staging
but also to differentiate between benign and malignant
lesions. MRI is the preferred imaging modality for the
evaluation of soft-tissue masses in clinical practice.
Generally, the major criteria used to diagnose malignant

soft-tissue tumours include deep location, large size and
heterogeneous signal intensity (SI), particularly on T2

weighted MR images (T2WI), although other criteria are
also evaluated, including margins, shape, degree and
pattern of enhancement, and evidence of necrosis [3–5].

Despite the superiority of MRI in delineating soft-
tissue tumours, its ability is limited because most of these
tumours have a non-specific appearance on MR images.
Thus, it is often impossible using MR to determine
whether the lesion is benign or malignant [5–8]. Indeed,
MRI has been found to have low diagnostic value in such
differentiation [5, 6]. When experienced radiologists
evaluated images, MRI was found to have better
diagnostic values [9], demonstrating the importance of
experts in differentiating benign from malignant lesions.

Therefore, for non-experienced radiologists, we have
developed a simplified systematic imaging approach
to differentiate between malignant and benign lesions.
We assessed three MR findings—depth, size and SI
on T2WI—of soft-tissue masses, and compared these

Address correspondence to: Dr Hye Won Chung, Department of
Radiology and Research Institute of Radiology, University of Ulsan
College of Medicine, Asan Medical Center, 88, Olympic-ro 43-gil,
Songpa-gu, Seoul 138-736, Republic of Korea. E-mail: chung@
amc.seoul.kr

The British Journal of Radiology, 85 (2012), e831–e836

The British Journal of Radiology, October 2012 e831



findings with those of histological diagnoses. We also
evaluated the diagnostic values of our simplified system.
This approach constitutes an easier initial evaluation
system that non-expert radiologists can use to differ-
entiate between malignant and benign lesions.

Methods and materials

Patients

Between October 2005 and February 2010, 373 con-
secutive patients underwent MRI followed by biopsy or
surgical excision at our institution for histopathologically
diagnosed soft-tissue masses of the extremities. Final
diagnoses were based on pathology reports of surgical
or core needle biopsy specimens, as determined by
an experienced pathologist. The study protocol was
approved by our institutional review board, which
waived informed consent because the study required
only the retrospective review of MR images and
pathology reports. We excluded 12 patients with
recurrent soft-tissue tumours and 97 with soft-tissue
lesions originating from bones. The remaining 266
patients consisted of 134 males (median age 46 years;
range 3–86 years) and 132 females (median age 46 years;
range 14–83 years), with no significant difference in age
distribution between the sexes. Among these 266 soft-
tissue tumours, 164 (62%) were benign and 102 (38%)
were malignant. Specific diagnoses and their numbers of
cases are listed in Table 1. The three most common types
of benign lesions were lipoma (39/164, 24%), schwan-
noma (27/164, 16%) and fibromatosis (14/164, 9%), and
the three most common types of malignant lesions were
liposarcoma (18/102, 18%), myxofibrosarcoma (11/102,
11%) and undifferentiated pleomorphic sarcoma (UPS;
9/102, 9%).

MRI technique

MRI of all patients was performed with 1.5 or 3 T
magnets using commercially available transmit–receive
coils when appropriate. The MRI scanners used were
Achieva 1.5 and 3 T and Gyroscan Intera 1.5 T (Philips
Medical Systems, Best, Netherlands), and MagnetomH
Avanto 1.5 T (Siemens Medical Solutions, Erlangen,
Germany). Standardised imaging protocols were used
according to the anatomical locations, but, in general,
they included at least two planes of spin echo T1, fast
spin echo T2, short tau inversion–recovery (STIR) T2 and
fat-suppressed and contrast-enhanced T1 weighted
images.

MRI interpretation

MRI findings were retrospectively reviewed by two
radiologists—one with 15 years of experience in musculo-
skeletal radiology and the other a trainee—in consensus.
Parameters analysed included: (1) depth (superficial or
deep), (2) size (,50 or $50 mm diameter) and (3) SI
on T2WI (homogeneous or heterogeneous). Depth of a
lesion was defined as superficial or deep relative to the

superficial investing fascia on MR images (Figure 1).
Lesion size was measured in the longitudinal, anteropos-
terior and transverse dimensions, and classified into two
categories: ,50 mm and $50 mm, based on maximal
diameter, with 50 mm chosen for comparison with
existing guidelines [2, 6, 10]. The degree of SI hetero-
geneity on T2WI was graded subjectively, with a lesion
showing heterogeneous SI over 30% of its volume
regarded as heterogeneous. Representative examples of
cases were demonstrated for these three MRI parameters
in benign and malignant tumours (Figure 2). These three
parameters were categorised into systematic combina-
tions of different orders of application and each combina-
tion was assessed for its ability to differentiate between
benign and malignant lesions (Table 2).

Statistical analysis

Individual findings of depth, size and SI on T2WI were
evaluated by univariate and multivariate logistic regres-
sion analysis to determine the significance of each for
differentiating between benign and malignant tumours.
To determine the optimal simplified systematic imaging
approach, the diagnostic values of each systematic
combination were analysed using multivariate logistic
regression and Kendall’s tau-c statistics. Kendall’s tau-c
statistic is a measure of ordinal association that considers
whether the column variable Y tends to increase as the
row variable X increases. It classifies pairs of observa-
tions as concordant or discordant. Tau-c equals 0 under
statistical independence for non-square tables.

Results

The location, size and SI of the 266 soft-tissue tumours,
both benign and malignant, are shown in Table 3. Of
these 266 lesions, 102 were malignant and 164 were
benign; on MRI, 169 were deep and 97 were superficial.
We found that 27 of the 102 malignant lesions (27%) were
superficial, and that 27 of the 97 superficial tumours
(28%) were malignant. In contrast, 94 of the 164 benign
lesions (56%) were classified as deep.

MRI showed that 125 lesions were small (,50 mm)
and 141 were large ($50 mm). Of the 125 small lesions,
31 (25%) were malignant and 94 (75%) were benign. Of
the 141 large lesions, 71 (50%) were malignant and 70
(50%) were benign. There was a statistically significant
correlation between larger lesion size and the probability
of malignancy (p,0.0001). SI on T2WI was homogeneous
for 86 lesions and heterogeneous for 108. 13 of the 102
malignant lesions (13%) had homogeneous SI, and 13 of
the 86 homogeneous tumours (15%) were malignant. In
contrast, 91 of the 164 benign lesions (56%) were
heterogeneous on T2WI.

Univariate analysis showed that depth, size and
heterogeneity on T2WI differed significantly between
benign and malignant masses. In multivariate logistic
regression analysis, however, depth was not an inde-
pendent predictor of benign and malignant masses
(adjusted odds ratio51.11; Table 4). Despite this, how-
ever, depth may be important in clinical practice and
was therefore included in the Breslow–Day test, a
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multivariate analysis test. When we adjusted for depth
using the Breslow–Day test, we found that the possibility
of malignancy was 2.48 and 4.76 times greater for large
lesions and those with heterogeneous SI, respectively
(Table 4).

Since heterogeneity and size could differentiate
between benign and malignant tumours, we used
systematic combinations of the three parameters in
different orders of importance to determine the best
simplified systematic imaging approach: SI–size–depth
(Table 2) and size–SI–depth. Using the first combination,
in the order SI–size–depth, we observed an upward
tendency of malignancy from A to H (Kendall’s tau-c
coefficient50.452; Figure 3). Group D, consisting of
homogeneous, large and deeply located lesions, con-
tained the highest proportion of benign lesions, and
Groups G and H, containing heterogeneous and large
lesions, each had .50% malignant lesions, regardless
of depth. Using the second systematic combination,
arranged in the order size–SI–depth, we observed a
greater tendency of malignancy from a to h (Figure 4).
However, its Kendall’s tau-c coefficient was 0.394, which
was lower than that of the first combination. Therefore
the combination SI–size–depth, in that order, resulted in
higher diagnostic values for malignancy, with a sensi-
tivity of 64%, a specificity of 85%, a positive predictive
value of 32%, a negative predictive value of 59% and an
accuracy of 77%.

Discussion

MRI is a well-established tool for the detection and
local staging of soft-tissue tumours. However, its ability
to differentiate between benign and malignant soft-tissue
lesions has been found to vary widely [6–8, 10–12]. Using
morphological criteria for benign lesions such as smooth
well-defined margins, small size and homogeneous SI,
particularly on T2WI, MRI was reported to be able to
differentiate .90% of benign from malignant masses
[10]. Another study, however, noted that malignant

Table 1. List of specific diagnoses and number of cases of each

Benign Number of cases Malignant Number of cases

Lipoma 39 Liposarcoma 18
Schwannoma 27 Myxofibrosarcoma 11
Fibromatosis 14 UPS 9
Haemangioma 13 Melanoma 7
Epidermal cyst 10 Dermatofibrosarcoma protuberance 7
Neurofibroma 7 Metastasis 6
Angiomyolipoma 5 Spindle cell sarcoma 6
Nodular fasciitis 5 Rhabdomyosarcoma 6
GCT of tendon sheath 5 Synovial sarcoma 5
Ganglion cyst 4 Ewing’s sarcoma 4
Myxoma 4 Myxoid chondrosarcoma 3
Pilomatricoma 3 Lymphoma 3
PVNS 2 Leiomyosarcoma 3
Hamartoma 2 MPNST 3
Hibernoma 2 Epithelioid sarcoma 2
AVM 2 Malignant granular cell tumour 2
Dermatofibroma 1 Squamous cell carcinoma 2
Kimura disease 1 Eccrine porocarcinoma 1
Glomangioma 1 Merkel cell carcinoma 1
Angiokeratoma 1 Others 3
Others 16

Total 164 Total 102

AVM, arteriovenous malformation; GCT, giant cell tumour; MPNST, malignant peripheral nerve sheath tumour; PVNS,
pigmented villonodular synovitis; UPS, undifferentiated pleomorphic sarcoma.

Figure 1. Superficial investing fascia on an MR image. Axial
T2 weighted MR image (repetition time52291 ms, echo
time580 ms) of a 75-year-old male shows a soft-tissue
tumour confirmed as leiomyosarcoma. Superficial investing
fascia is clearly visualised deep to this soft-tissue mass (arrow
heads), as well as superficial fascia of subcutaneous tissue
(arrows).

Simplified imaging approach to differentiate soft-tissue tumours
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lesions may appear as smoothly margined homogeneous
masses and that MRI could therefore not reliably
distinguish benign from malignant processes [11].

MR findings have been evaluated individually or
together for their ability to differentiate benign from
malignant lesions. For example, larger size has been
associated with greater heterogeneity and a higher

likelihood of malignancy [13, 14], with only 5% of benign
soft-tissue tumours .5 cm in diameter. In addition, most
malignant tumours are deeply located, compared with
only about 1% of all benign soft-tissue tumours. Our
results are not consistent with these reports. In our cases,
43% of benign soft-tissue tumours were .5 cm in
diameter and, likewise, 57% of benign soft-tissue
tumours were deeply located.

A multivariate statistical analysis of 10 imaging
parameters, individually and in combination, showed
that high SI on T2WI, diameter .33 mm and hetero-
geneous SI on T1 weighted MR images predicted
malignancy with the highest sensitivity [3]. Signs having
the greatest specificity for malignancy included tumour
necrosis, bone or neurovascular involvement and mean
diameter .66 mm. Although many MRI findings are
considered important criteria for the diagnosis of
malignant soft-tissue tumours, tumour margin, shape,
and the degree and pattern of enhancement are less
useful in clinical practice. Most soft-tissue tumours have
well-defined margins, are oval or globular in shape and
have variable patterns of enhancement, regardless of
whether they are benign or malignant.

Evaluation of MR images by experienced radiologists
with a centralised approach has been found to yield
better diagnoses of soft-tissue tumours [9]. However,
many radiologists or clinicians responsible for treating
patients with soft-tissue lesions in initial practice may be
non-experts in the diagnosis of soft-tissue tumours.
Sometimes they erroneously excise a mass without
either considering the possibility of malignancy or
performing pre-excisional biopsy. In that case, those
radiologists and clinicians require a simplified approach
to differentiate between benign and malignant soft-
tissue tumours. We therefore selected only three major
parameters—deep location, large size and heteroge-
neous SI on T2WI—all of which showed statistically
significant differences between benign and malignant
masses on univariate analysis. On multivariate analysis,
however, depth was not an independent factor in
distinguishing benign from malignant lesions. This
was somewhat surprising because, generally, deep
location with respect to superficial investing fascia has
been diagnostic for malignant soft-tissue tumours, as
well being prognostic for patient outcomes [13–16].
Similar findings, showing no significant association
between lesion depth and diagnostic subgroup, have
been reported previously [17].

Figure 2. Representative examples of cases for three MRI
parameters in benign and malignant tumours. ca, carcinoma;
DFSP, dermatofibrosarcoma protuberance; PNET, primitive
neuroectodermal tumour; T2WI, T2 weighted MR image; UPS,
undifferentiated pleomorphic sarcoma.

Table 2. Systematic combination arranged in the order signal intensity–size–depth

Signal intensity Size Depth Groups

Numbers of tumours

Benign Malignant

Homogeneous ,50 mm Superficial A 28 4
Deep B 12 5

$50 mm Superficial C 13 3
Deep D 20 1

Heterogeneous ,50 mm Superficial E 23 12
Deep F 31 10

$50 mm Superficial G 6 8
Deep H 31 59
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To determine the optimal simplified systematic ima-
ging approach, we tested two systematic combinations,
arranged in order of importance among these three
parameters. We found that one, arranged in the order
SI–size–depth, was superior to the other, arranged in
the order size–SI–depth, resulting in higher diagnostic
values for malignancy. Using this simplified systematic
approach, we observed comparable specificity and
accuracy, and acceptable sensitivity, to initial screening,
although positive and negative predictive values were
not as high. We found that Group D, consisting of large,
homogeneous lesions of deep location, contained the
highest proportion of benign lesions, because this group
contained many large lipomas and fibromatoses, ranging
in size from 5.5 to 21.0 cm diameter. Groups G and H,
consisting of large, heterogeneous lesions, contained the
highest proportion of malignant tumours (67/102),
regardless of depth. Most of these large, heterogeneous
lesions were liposarcomas (n516); other sarcomas were
malignant fibrous histiocytoma (n57), myxofibrosar-
coma (n55), synovial sarcoma (n55), and rhabdomyo-
sarcoma (n53); and metastases (n53).

This study had several limitations. Owing to its
retrospective design, there was some variability in MRI
parameters. The sample size was modest because the
sample of patients was from a regional centre for
oncology, and there was a possibility of selection bias
in that we did not exclude tumours originating from the
skin, such as melanomas. Enrolment of histologically
confirmed cases was another selection bias, because
obviously benign lesions that did not need biopsy or
surgical excision might be omitted. Also, we included
lipomas, which, although large and sometimes deeply
located, are benign. Thus, this simplified systematic
imaging approach could be applied to large or deeply
located lipomas together with large or deeply located
malignant tumours, even though lipomas usually do not
cause a diagnostic dilemma with proper use of T1, T2 and
fat-suppressed sequences. In addition, other MRI find-
ings may help differentiate between benign and malig-
nant lesions, including tumour enhancement pattern and
invasion of surrounding structures such as bone or
vessels. Although the latter is an important predictor of
malignancy, it is also rare, and we therefore did not

Table 3. Location, size and signal intensity (SI) of lesions on MRI relative to benign and malignant tumours

Parameter

Numbers of tumours

p-valueSubtotal Benign Malignant

Location Superficial 97 70 27 0.0076
Deep 169 94 75

Size ,50 mm 125 94 31 ,0.0001
$50 mm 141 70 71

SI on MRI Homogeneous 86 73 13 ,0.0001
Heterogeneous 180 91 89

Total 266 164 102

Table 4. Multivariate logistic regression analysis of the association between individual imaging findings and the differentiation
of benign and malignant masses

Parameter Crude OR (95% CI) Adjusted OR (95% CI)a

Depth 2.07 (1.21–3.54) 1.11 (0.58–2.13)
Size (,50, $50 mm) 3.08 (1.82–5.19) 2.48 (1.36–4.53)
Signal intensity on MRI 5.49 (2.84–10.61) 4.76 (2.34–9.66)

CI, confidence interval; OR, odds ratio.
aOdds ratio adjusted for age, sex and other variables.

Figure 3. Tendency of malignancy
from A to H (signal intensity–size–depth;
Kendall’s tau-c coefficient50.452).
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include it in our analysis. We used heterogeneity only on
T2WI, but heterogeneity on other sequences would be an
important predictor of malignancy. Since our purpose
was to provide an easy and realistic system to differ-
entiate benign and malignant tumours in clinical
practice, we considered only three major characteristics.
In addition, the findings of this study may not
necessarily reflect the data that may be encountered in
the general population: because the sample of patients
was from a regional centre of oncology, only limited
findings (especially on T2WI) were used, and enrolled
cases were retrospective histologically proven cases.
Therefore, great care must be used in interpreting soft-
tissue masses on MRI. The findings of this study are not
definitive conclusions or recommendations.

In conclusion, the proposed simplified systematic
imaging approach may help predict the benign or
malignant nature of soft-tissue tumours for non-expert
radiologists or clinicians. This approach may provide a
basis for further developmental studies of MRI char-
acteristics for differentiating between benign and malig-
nant soft-tissue tumours.
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