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Abstract

Background: The primary aim of this study is to evaluate the role of magnetic resonance imaging (MRI) in the assessment of soft tissue 
tumors with histopathological correlation at a tertiary care center. 
Methods: An observational study was conducted on 75 patients (n = 75) in the Department of Radiodiagnosis over 18 months. The targeted 
population comprised patients who presented to the Radiodiagnosis Department for radiological imaging of soft tissue tumors. 
Results: Out of 75 cases, 20% were found to have benign tumors, while 80% were found to have malignant tumors. The most frequent benign 
tumor was fibromatosis, with n = 10 cases (13.33%), and the most common malignant tumor was synovial sarcoma, with n = 14 cases (18.66%). 
The benign age group ranged from 11 to 20 years. T2-weighted heterogeneous hyperintensity was noted more frequently in malignant 
lesions, demonstrating a high positive predictive value; that is, 83% of malignant tumors exhibited changes on diffusion-weighted imaging/
apparent diffusion co efficient (DWI/ADC). Low-grade malignant lesions showed no restrictions. Most benign lesions displayed restrictions, 
with a high positive predictive value of 98.14%, specificity of 93.33%, and sensitivity of 88.33%. 
Conclusions: Soft tissue tumors can be detected and locally staged using MRI; thus, this technique has proven its value. Intralesional 
hemorrhage and calcification are two parameters that have been shown to have no substantial association with cancer. Due to its high 
sensitivity, MRI is a viable option for evaluating soft tissue tumors.
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1. Background
Soft tissues comprise a significant part of the human 

body; however, approximately 1% of all neoplasms are soft 
tissue tumors (STT), which are extremely uncommon. Be-
nign tumors are far more common than malignant ones, 
with a ratio of approximately 100 to 1. Soft-tissue sarco-
mas (STS) can develop in various locations throughout 
the body (1).

Different types of STS include malignant fibrous histio-
cytoma, liposarcoma, fibrosarcoma, synovial sarcoma, 
malignant peripheral nerve sheath tumor (MPNST), leio-
myosarcoma, rhabdomyosarcoma, clear cell sarcoma, 
epithelioid sarcoma, alveolar soft part sarcoma, angio-
sarcoma, spindle cell sarcoma, unclassified sarcomas, 
and undifferentiated soft-tissue sarcomas (2).

Radiologists routinely encounter soft-tissue lesions in 
clinical practice. Despite developments in imaging tech-

nology, it is still difficult to characterize these soft-tissue 
lesions (3). When evaluating soft tissue tumors, magnetic 
resonance (MR) imaging has emerged as a crucial cross-
sectional imaging investigation. To evaluate soft tissue 
tumors, magnetic resonance imaging (MRI) is the study 
of choice due to its superiority over ultrasonography and 
computed tomography (CT) in characterizing tumor ex-
tent and connection to surrounding tissues (4). Magnetic 
resonance imaging can be used to narrow the differential 
diagnosis for lesions that display indeterminate charac-
teristics and determine the diagnosis for the subset of 
determinate lesions that have typical clinical and imag-
ing features (3).

The MRI plays a pivotal role in guiding surgical ap-
proaches by describing affected areas from healthy ones, 
distinguishing tumors from surrounding fat and mus-
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cles, and identifying lesions about adjacent neurovascu-
lar bundles. Timely diagnosis of soft tissue tumors is cru-
cial, as delays can exacerbate the prognosis of malignant 
cases, leading to local complications, increased surgical 
morbidity, and a higher risk of metastasis. With MRI’s un-
paralleled precision, we ensure a seamless and effective 
approach to treatment, maximizing the chances of posi-
tive patient outcomes (5).

2. Objectives
Therefore, the primary aim of the study was to evalu-

ate the role of MRI in the evaluation of soft tissue tumors 
with histopathological correlation at tertiary care cen-
ters.

3. Methods
In this study, a total of 75 patients were enrolled. The 

target group of the study consisted of patients who pre-
sented for imaging of soft tissue tumors. The study was 
conducted over 18 months in the radiodiagnosis depart-
ment of a tertiary care center.

Inclusion criteria: Patients of all ages who presented 
with soft tissue swelling to the Surgery Department of 
Osmania General Hospital and MNJ Cancer Hospital.

Exclusion criteria: Patients with claustrophobia and 
swellings due to:

- Trauma
- Infective etiology
- Hernias
- Bone and joint disease
- Metastasis

- Bone malignancies infiltrating surrounding soft tissue

3.1. Methodology
Patients with soft tissue swelling who presented to the 

hospital for clinical evaluation had their participation in 
the study approved after obtaining their written consent. 
Patient information was recorded using a proforma, in-
cluding the onset and progression of symptoms and 
the duration of the swelling. The hospital’s 1.5 Tesla MRI 
machines were used to evaluate these individuals, and 
the scan results were documented. Features observed 
on MRI were measured and recorded, including tumor 
size, shape, margins, extent, signal intensity, signal ho-
mogeneity, enhancement pattern, appearance sequence, 
evidence of necrosis, and tumor extensions. A definitive 
diagnosis was reached based on the aforementioned cri-
teria, and if surgical excision was recommended, a tissue 
sample was sent for histological analysis following the 
operation (treatment). The histopathological report was 
then correlated with the MRI diagnosis for confirmation. 
A non-soft-tissue tumor histopathological examination 
(HPE) diagnosis was not included.

4. Results
The present study comprised a total of 75 patients. 

Among the 75 cases, 42 (56%) were male and 33 (44%) fe-
male. Malignant lesions were most common in males 
(58.33%) and in the 21 - 30 and 41 - 50 age groups (23.33%). 
Benign lesions were more frequent in the 11 - 20 age group 
(26.66%) (Table 1).

Table 1. Gender and age Distribution a

Variables Benign Malignant Total

Gender

Male 7 (46.66) 35 (58.33) 42 (56)

Female 8 (53.33) 25 (41.66) 33 (44)

Total 15 (100) 60 (100) 75 (100)

Age (y)

1 - 10 2 (13.33) 3 (5) 5 (6.66)

11 - 20 4 (26.66) 6 (10) 10 (13.33)

21 - 30 3 (20) 14 (23.33) 17 (22.66)

31 - 40 2 (13.33) 2 (3.33) 4 (5.33)

41 - 50 2 (13.33) 14 (23.33) 16 (21.33)

51 - 60 1 (6.66) 12 (20) 13 (17.33)

61 - 70 0 (0) 7 (11.66) 7 (9.33)

71 - 80 1 (6.66) 2 (3.33) 3 (4)

Total 15 (100) 60 (100) 75 (100)
a Values are expressed as No. (%).

Pain was the main symptom in malignant cases (93.5%), 
while swelling was more common in benign cases (80%). 
Other symptoms were more frequent in malignant cases 

(31.60%), as noted in Figure 1. Additional symptoms ob-
served included itching, burning sensation, weight loss, 
and headache.
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Figure 1. Shows the symptoms of soft tissue tumor (STT).

Figures 2 and 3 show that the distribution of malignant 
tumors was highest in synovial sarcoma (18.67%) and low-

est in fibromyxoid sarcoma, leiomyosarcoma, and fibro-
sarcoma (1.33% each).

Figure 2. Synovial sarcoma showing on magnetic resonance imaging (MRI) 18 × 10 × 9 cm lobulated T1w heterogenous, T2w short tau inversion recovery 
(STIR) heterogeneously hyper intense lesion noted in subcutaneous, intermuscular planes over posterior aspect of right knee showing haemorrhages 
and calcifications. On histopathological examination (HPE) & IHC - synovial sarcoma.
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Figure 3. Rhabdomyosarcoma showing on magnetic resonance imaging (MRI) large lobulated T1w hypointense T2w, short tau inversion recovery (STIR) 
hyperintense lesion measuring 13 × 12 × 9 cm noted in peritoneal cavity showing restriction on diffusion-weighted imaging/apparent diffusion co effi-
cient (DWI/ADC). On histopathological examination (HPE) & IHC - rhabdomyosarcoma.

Figures 4, 5, and 6 show that the distribution of benign 
tumors was highest in fibromatosis (66.67%), while all 

other types accounted for 6.67% each.

Figure 4. Atypical lipomatous tumor showing on magnetic resonance imaging (MRI) large lobulated heterogenous T1w, T2w hyperintense lesion, SPAIR/
short tau inversion recovery (STIR) hypointense lesion measuring 14 × 25 × 13 cm noted over posterior aspect of right thigh. On histopathological exami-
nation (HPE) & IHC - atypical lipomatoustumor.
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Figure 5. Benign fibromatosis showing on magnetic resonance imaging (MRI) 6 × 5 × 4 cm well defined T1w hypo, T2w, short tau inversion recovery (STIR) 
heterogeneously hyperintense lesion noted in subcutaneous, inter and intramuscular planes over dorsum of hind foot. On histopathological examina-
tion (HPE) it came out as spindle cell tumor. On IHC - fibromatosis.

Figure 6. Chondrosarcoma showing on magnetic resonance imaging (MRI) large multilobulatedheterogenous T1w hypointense T2w, short tau inversion 
recovery (STIR) hyperintense lesion noted arising from left hip region showing marrow infiltration and bone destruction into left femur. On histopatho-
logical examination (HPE) - chondrosarcoma.
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The accuracy of T2w heterogeneous hyperintensity in 
distinguishing malignant from benign lesions showed a 
sensitivity of 73.30%, specificity of 40%, positive predictive 
value (PPV) of 83%, and negative predictive value (NPV) of 
27.70%. The role of diffusion-weighted imaging/apparent 

diffusion co efficient (DWI/ADC) in distinguishing be-
tween benign and malignant lesions demonstrated a sen-
sitivity of 88.33, specificity of 93.33%, PPV of 98.14%, and NPV 
of 66.66% (Table 2).

Table 2. Accuracy of T2w Heterogeneous Hyper Intensity and Diffusion-Weighted Imaging/Apparent Diffusion Co Efficient to 
Distinguish Malignant and Benign Lesions
Variables Malignant (%) Benign (%)
T2w Heterogeneous Hyperintense
Yes 44 (73.33) 9 (60.00)
No 16 (26.67) 6 (40.00)
Total 60 (100.00) 15 (100.00)
Sensitivity 73.30%
Specificity 40%
PPV 83%
NPV 27.70%
DWI/ADC
(+) True restriction; n = 54 53 (88.33) 1 (6.66)
(-) No restriction; n = 21 7 (11.60) 14 (93.33)
Total, n = 75 60 (100) 15 (100)
Sensitivity 88.33%
Specificity 93.33%
PPV 98.14%
NPV 66.66%

z Abbreviations: DWI/ADC, diffusion-weighted imaging/apparent diffusion co efficient; PPV, positive predictive value; 
NPV, negative predictive value.

The role of peritumoral edema in distinguishing malig-
nant from benign lesions showed a sensitivity of 81.66%, 
specificity of 66.66%, PPV of 90.70%, and NPV of 47.60%. The 

sensitivity of MRI diagnosis was 95%, with a specificity of 
86%, PPV of 96.6%, and NPV of 81.25% (Table 3).

Table 3. Role of Peritumoral Edema to Distinguish Malignant and Benign Lesions and Accuracy of Magnetic Resonance Imaging to 
Distinguish Malignant and Benign Lesions
Variables Histopathological Diagnosis

Malignant Benign Total
MRI Diagnosis
Malignant 49 5 54
Benign 11 10 21
Total 60 15 75
Sensitivity 95.00%
Specificity 86.00%
PPV 96.60%
NPV 81.25%
Peritumoral Edema
Positive 49 5 54
Negative 11 10 21
Total 60 15 75
Sensitivity 81.66%
Specificity 66.66%
PPV 90.70%
NPV 47.60%

z Abbreviations: MRI, magnetic resonance imaging; PPV, positive predictive value; NPV, negative predictive value.
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The accuracy of margins in differentiating between be-
nign and malignant lesions showed a sensitivity of 70%, 
specificity of 86.60%, PPV of 95.45%, and NPV of 41.90%. 
Margins were found to have a statistically significant asso-
ciation in predicting malignant lesions (P-value 0.0001), as 
determined by the chi-square test (15.89). 

The distribution of STTs indicated that the lower limb 
was the most common site for both benign (53.33%) and 
malignant (56.66%) lesions. Larger lesions (> 8 cm) were 
more prevalent in both malignant (61.66%) and benign 
(53.33%) cases. Sensitivity and specificity for lesion size 
were 61.66% and 53.33%, respectively, with a PPV of 84% and 
an NPV of 25.80%. 

Calcifications were observed in 12% of the total cases. 
Hemorrhages were present in 10.66% of cases overall, while 
necrosis was found in 10.66% of the total cases. Regarding 
extensions, bone destruction was detected in 12% of all 
cases, neurovascular invasion in 5.3%, and marrow infiltra-
tion in 5.3% of the total cases. Muscle infiltration was noted 
in 12% of the cases, regional lymph node involvement in 
10.6%, and distant lung metastasis in 2.6% of the cases.

5. Discussion
In the present study, the most common age ranges for 

both malignant and benign lesions were between 21 - 30 
and 41 - 50 years old. Benign lesions were more common 
in females, while malignant ones were more frequent in 
males. In contrast, Kransdorf and Murphey (6) reported 
the most prevalent age range for both benign and malig-
nant cases to be between 16 and 25 years, though this dif-
fers from the findings of Sen et al. (3), who found the aver-
age age to be 20 years. The variance in the most prevalent 
age range may be attributed to differences in sample size 
and geographic dispersion.

In this study, patients with malignant lesions reported 
significantly higher levels of pain (93.3%) and swelling 
(46.6%) compared to those with benign lesions. The in-
cidence of tumors in the lower extremities was approxi-
mately 56%. Lower limbs were also the most common site 
for both malignant (56.6%) and benign (53.3%) tumors. 
These results are consistent with previous research by Sen 
et al. (3) and Harish et al. (4), which also showed that lower 
limb injuries are the most common.

The intensity and homogeneity of the MR signal using 
various pulse sequences are frequently employed as inde-
pendent factors in predicting malignancy. Although high 
signal intensity on T2w images is a sensitive metric, its lack 
of specificity is a limitation (5).

In the study conducted by Chen et al. (7), it was reported 
that the sensitivity for detecting malignant lesions with 
the presence of heterogeneous hyperintensity on T2w im-
aging was 73%, the specificity was 40%, the PPV was 83%, and 
the NPV was 28%. Similarly, a study by Sen et al. (3) recorded 
a sensitivity of 41.9%, specificity of 69.0%, PPV of 60%, and 
NPV of 52.0%. Additionally, Sen et al. (3) found 67% sensitiv-
ity, 50% specificity, 58% PPV, and 59% NPV in their research. 

Datir et al. (8) also reported a sensitivity of 100% and a spec-
ificity of 50%.

T1-weighted scans showed 17% of benign tumors to be hy-
pointense, 58% to be hyperintense, and 85% to be hyperin-
tense on T2w imaging, as reported by Hermann et al. (9). 
On T1w images, 40% of malignant tumors were hyperin-
tense, while on T2w images, 100% of the tumors showed 
this characteristic. The reported sensitivity was 72%, and 
the specificity was 87%. Consistent with these findings, the 
majority of lesions in the present study were hypointense 
to isointense on T1w, while practically all lesions were hy-
perintense on T2w.

The present research found that using DWI/ADC for the 
benign/malignant distinction yielded a sensitivity of 88%, 
specificity of 93%, PPV of 98%, and NPV of 66%. Studies by 
Pekcevik et al. (10) and Jeon et al. (11) demonstrated the use-
fulness of DWI/ADC in distinguishing between malignant 
and benign lesions.

A higher level of sensitivity (70%), specificity (87%), PPV 
(95%), and NPV (42%) indicates that tumor margins are ac-
curate in distinguishing malignancy. Margins have been 
found to have a statistically significant association in pre-
dicting malignant lesions (P-value 0.0001), as determined 
by the chi-square test. Further research by Sen et al. (3) and 
similarly strong associations discovered by Chen et al. (7) 
and Datir et al. (8) support these findings.

Chen et al. (7) conducted a study to evaluate the role of 
osseous involvement in predicting malignancy, observing 
lower sensitivity (35.5%), poorer NPV (51.2%), but greater 
specificity (75%) and PPV (61%). In contrast, Daniel Jr III et 
al. (12) reported high sensitivity (83.3%), specificity (84%), 
PPV (83%), and NPV (84%). In the present study, 1 in 12 STTs 
revealed osseous involvement or bone degradation, rang-
ing from 6.6% in benign lesions to 13.3% in malignant ones.

Rare, specific, but insensitive indicators of malignancy 
were identified by De Schepper (13), including involve-
ment of nearby bones, extracompartmental distribution, 
and encasement of the neurovascular bundle. According 
to research by Crim et al. (14), neurovascular bundle in-
volvement was found in 4% of benign tumors and 18% of 
malignant tumors. Berquist et al. (15) reported neurovas-
cular bundle involvement in 78% of malignant tumors. In 
the study by Chen et al. (7), high sensitivity (73%) and a PPV 
of 60% were reported, but poor specificity (37%) and an NPV 
of 51%. However, Daniel Jr III et al. (12) observed better re-
sults with sensitivity (83%), specificity (88%), PPV (86%), and 
NPV (85%) compared to the previous studies.

The researchers suggested that pressure necrosis might 
explain the lone instance of bone damage detected in a 
benign lesion. Bone erosions were observed in 12% of all 
STTs. Only around 5% of tumors showed signs of marrow 
infiltration and neurovascular invasion. Two cases exhib-
ited distant lung metastases. Muscle tissue infiltration was 
observed in 12% of patients, and lymph node deposits in re-
gional lymph nodes were found in 10.5% of cases. The size 
criteria of > 5 cm and uneven borders had a sensitivity of 
85%, as demonstrated by the research of Moulton et al. (16).
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5.1. Conclusions
Based on the results of the present study, MRI was report-

ed to be a reliable imaging method for detecting and local-
ly staging soft-tissue tumors. The MRI offers several advan-
tages, including its ability to identify the origin of a lesion, 
map its growth in relation to surrounding structures, and 
assess a tumor’s operability by determining whether it has 
spread beyond its original compartment, such as involve-
ment of osseous, neurovascular, or soft tissue structures.

Parameters such as size > 8 cm, T2w heterogeneous hy-
perintensity, restriction on DWI/ADC, osseous and neuro-
vascular involvement, peritumoral edema, intralesional 
necrosis, and ill-defined margins were found to have 
greater sensitivity, specificity, and PPV for predicting ma-
lignancy. In contrast, intralesional hemorrhage and cal-
cification were found to have no significant association 
with malignancy. Therefore, due to its high sensitivity in 
detecting soft tissue tumors, MRI remains the technique 
of choice for their evaluation.

However, it is important to note that when radiologic 
findings are unclear, MRI cannot reliably distinguish be-
tween benign and malignant tumors in all cases. In a se-
lect group of tumors, magnetic resonance imaging may 
be able to provide a definitive diagnosis. When a definitive 
diagnosis is not possible, a well-organized differential di-
agnosis can be established by integrating information on 
tumor occurrence based on site and age, along with rel-
evant clinical history and radiologic findings.
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