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Background: Soft-tissue swellings (STSs) are commonly encountered by a radiologist in
routine practice, either as the principal indication for diagnostic examination or as an incidental
finding during an examination performed for other indications. Aims and Objectives: The aim of
the study was to design a basic approach for the evaluation of STS with the help of available
imaging modalities (ultrasound [USG], computed tomography [CT], and magnetic resonance
imaging [MRI]) and analyzes its imaging characteristics so as to arrive at its final diagnosis.
Materials and Methods: This prospective study (CTRI/2023/01/048933) was conducted in
the Department of Radio-diagnosis, MLBMC, Jhansi, Uttar Pradesh, with 100 cases of STS
were primarily evaluated by high-resolution grayscale USG, out of 100 cases, 72 diagnosed
on USG and rest equivocal cases were secondarily evaluated with MRI, out of which 25
diagnosed and three cases needed CT evaluation. Three cases were evaluated with MRI + CT
scan and finally diagnosed. Diagnosed cases followed by histopathology and surgery. Results:
In our study, we found that USG is helpful in benign and superficial STS, as 72/100 cases
diagnosed with the help of USG. In equivocal, deeply located, and malignant cases, MRI
is more helpful in making a final diagnosis. In our study out of 28 cases, 25 diagnosed on
MRI. CT scan used as accessory modality in the diagnosis of STS. Conclusion: USG remains
the first-line imaging modality for the assessment of STS. MRI is an excellent modality in
equivocal or suspicious lesion for characterisation of nature and extension. CT can be used
for the detection of calcification and bone involvement.
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INTRODUCTION

Soft-tissue lesions are commonly encountered by a radiologist
in routine practice, either as the principal indication for
diagnostic examination or as an incidental finding during
an examination performed for other indications. These
lesions range from benign to malignant soft-tissue swellings
(STS).! The goal of imaging in patients with a STS is to
avold excessive evaluation in a large number of patients with
benign pathology while avoiding delayed diagnosis in the
small number of patients with malignancy. A proper imaging
workup is thus very important to decide on a management
plan. Different imaging modalities have been used to assess
STS, including various techniques of ultrasonography (US)
such as grayscale, color Doppler, computed tomography (CT),
and magnetic resonance imaging (MRI). High-resolution

grayscale ultrasound (HRUSG) and Doppler are being used as
the firstline of investigation to evaluate STS. If the diagnosis
is not confirmed on ultrasound (USG), additional imaging
such as MRI or biopsy or surgical intervention should be
recommended, though CT used as an accessory tool to rule
out bony involvement.

Aims and objectives

The aims of this study were as follows:

1. To design a radiological approach to STS (excluding
juxta-articular swellings)

2. To classify the various STS

3. To evaluate the STS using various available imaging
modalities and to analyze its image characteristics so as
to arrive at the final diagnosis which helps the clinicians
for further management of the lesion.
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MATERIALS AND METHODS

Source of data

The study was conducted for 18 months (March 2021—
September 2022) in the Department of Radiodiagnosis,
M.L.B. Medical College, Jhansi in collaboration with the
Department of Surgery and other referral departments of
M.L.B. Medical College, Jhansi.

A minimum number of 100 cases are intended to be
taken up; however, it may be extended depending on the
availability of cases within the study period.

CTRI No: CTRI/2023/01/048933

Inclusion criteria
e Patients with STS of 10-70 years age groups were
included in the study.

Exclusion criteria

The following criteria were excluded from the study:

e Datients with swellings related to the skeletal system
(Bones, tendons, ligaments, and joints system) and
juxta-articular in location

e Patients with STS who presented with associated
emergency conditions and severe debilitating conditions

e DPregnant, lactating women (as cannot be evaluated
with CT)

e DPatient having a history of claustrophobia, metallic
implants insertion, cardiac pacemakers, and metallic
foreign body 7n situ (as not evaluated with MRI)

e Patients who refuse to give consent.

Equipment’s

These studies will be concluded with the following equipment’s:

1. Medison sono Ace-X8 USG machine, Vivid —T'8, and
Hitachi Aloka SSDF-31

2. PHILIPS- MX-16 slice CT machine

3. Hitachi — AIRIS ELITE 0.3 TESLLA MRI machine
with kodak dry view 6800 laser image printer.

Method

The total number of patients included in our study was 100
satisfying our inclusion criteria. They primarily evaluated
by HRUSG, out of 100 cases, 72 diagnosed on USG and
the rest equivocal cases were secondarily evaluated with
MRI, out of which 25 diagnosed and three cases needed
CT evaluation. Three cases were evaluated with MRI+CT
scan and finally diagnosed. Diagnosed cases followed by
histopathology and surgery.

RESULTS

Our study was conducted on patients referred to the
Department of Radiodiagnosis, Maharani Laxmi Bai
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Medical College, Jhansi, Uttar Pradesh. The patients
were between 10- and 70-year age group. A total of
100 cases with non-juxta-articular STS were included in
our study. All these patients presented with various signs
and symptoms of STS. All patients were subjected to
thorough clinical examination before being subjected to
radiological evaluation. The goal is to classify according to
its origin and its nature. In all these studies, benign tumors
predominated over malignant tumors. High-resolution
grayscale USG and Doppler are being used as the first
line of investigation to evaluate these superficial STS.
The benefits of USG include its applicability, availability,
relatively low cost, higher accuracy in differentiating tissue
layers, good spatial, and contrast resolution as well as real-
time imaging capability.

In our study, all 100 patients were first evaluated with
USG, out of 100 patients, 28 required USG+MRI, and
three patients required USG+MRI+CT scan for diagnosis.

Lipoma is the most common finding followed by epidermal
inclusion cyst and the least common dermatofibroma and
tibialis anterior hernia.

Out of 100 patients, 62 patients managed surgically, 21
medically, and 17 puts on follow-up. Out of 100 patients,
92 followed histologically, and 84 correctly diagnosed.

DISCUSSION

Age and gender

In our study, out of 100 cases, 38% below 20 years, 35%
between 21 and 40 years, 20% between 41 and 60 years,
and 7% are >60 years. Mean age 32.3, Hiremath et al.,?
found out in this prospective study, 100 subjects were
enrolled. Subjects of varied aged groups were included in
this study ranging from 10 years to 72 years of age with a
mean of 39.9 years. In our study out of 100 cases, there
were 55 males (55%) and 45 (45%) females in our study.
There are more males included than females in our study.

Hiremath et al.,” found out in this prospective study, 100
subjects were enrolled, out of which 59 were female and
41 were male.

Anatomical region

The majority of the cases in our study were found in the
head and neck (35%) followed by chest and abdomen (34%0)
and extremities (31%). The study by Lazim and Al-Irhayim’
and Fang et al.,* states that the most common site was the
extremities for the malignant soft-tissue tumors mainly
lower extremities followed by the trunk and abdomen,
whereas in the study by Mandong et al.,’> extremities
followed by head and neck.
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Modalities

In our study, all 100 cases first evaluated with USG, 28 cases
on USG+MRI, and the three cases were evaluated on
USG+CT+MRI (Table 1). Jacobson® concluded that US
is an excellent first-line imaging method in the evaluation
of a superficial soft-tissue mass. Many diagnoses can be
made with confidence, as summarized eatlier in this article.
In most other instances, a combination of US findings
and clinical history is adequate to guide appropriate
management. Follow-up or alternative imaging and/or
possible biopsy will be required for atypical, non-specific,
or suspicious US findings or a conflicting clinical history.

Nagano et al.,,” in 2015, in a prospective study of 189
biopsy-proven soft-tissue tumors proposed the US-based
sarcoma screening (USS) score and found that USS scores
combined with characteristic clinical features and MRI
features helped in differentiating benign from malignant
soft-tissue tumors. In their study, the malignant tumors had
significantly higher USS scores than the benign tumors.

Radiological diagnosis

Lipoma (Figure 1)

In our study, 33 (33%) cases out of 100 cases were lipoma
which contribute a maximum number of cases. Studies
done by Wagner et al.,” and Hung et al.,” where all lipomas
were in subcutaneous plane, except the study done by
Inampudi et al.,'” which included deeper masses. Typically,
there is no detectable internal vascularity on Doppler
USG images, uncommonly minimal blood flow identified
within a septum. According to Wagner et al.,'" lipomas
(including angiolipomas) should have no more than a
minimal Doppler signal. A lesion with more than minimal
color Doppler signal should not be diagnosed as a lipoma.

Epidermal inclusion cyst (Figure 2)

In our study, 19 (19%) cases out of 100 cases were
epidermal inclusion cysts, all are located in subcutaneous
plain superficial lesion. Hung et al.,'”> Hung et al.,’ and
Huang et al.,"” also show that an epidermal inclusion cyst
is a superficial lesion that involves the hair-bearing areas
of the body, most commonly the head or neck, trunk, and
scrotum, and less commonly involves the extremities.

Vascular causes

In our study, 13% were hemangiomas , 7% were venous
malformations and 3% were AV malformations. Infantile
hemangioma is the most common vascular tumor of
the newborn and the most common childhood tumor
seen to occur in infants. The majority of the lesions in
our study were found in the head and neck. They often
associated with blueish discoloration, which was similar
to the study. They may show phlebolith. Dubois et
al.,'" in their study on USG of 116 vascular anomalies,
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Modalities Number of patients
USG 100
USG+MRI 28
USG+CT scan+MRlI 3

MRI: Magnetic resonance imaging, CT: Computed tomography
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Figure 1: Lipoma (a): HRUSG image shows a well-defined smooth
marginated oval-shaped hyperechoic lesion at the subcutaneous plain,
showing posterior acoustic enhancement without any vascularity.
(b): T1 axial image shows a well-defined hyperintense lesion. (c): STIR
axial image shows suppression of lesion. (d): H and E stained section
showing the sheet of mature adipocytes separated by fibrous septa)

concluded that high vessel density and high peak arterial
Doppler shifts can be used to differentiate hemangiomas
from other lesions.

Lymphatic malformation

In our study, four cases out of 100 cases were lymphatic
malformation. The age of onset of the lesion was since
birth in 03 cases (75%) and eatly childhood in the remaining
01 cases (25%). Fordham et al.,”® in 1999, and Brown
and Azizkhan,' in 1998, found out that most lymphatic
malformations present in early childhood, with 65% at birth
and 90% by the age of 2. The most common location is
neck (75%) followed by axilla (25%).

Abscess

In our study, seven cases out of 100 cases were all of them
diagnosed on USG and correctly correlated with surgical
and histopathological correlation.

A study done by Squire et al.,'” in 2005 where a total
of 107 cases with clinical signs of soft-tissue infections
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Figure 2: Epidermal inclusion cyst (a): Right cheek swelling.
(b): HRUSG image shows well-circumscribed oval-shaped,
predominantly hypoechoic mass at the subcutaneous plane showing
posterior acoustic enhancement without vascularity. (¢): H and E
stained section image shows cyst wall lined by stratified squamous
epithelium with the absence of skin appendages)
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Figure 3: Foreign bodies (a): HRUSG image shows an echogenic
linear structure with posterior acoustic shadowing with surrounding
hypochoic collection. (b): HRUSG image shows echogenic linear
structure without posterior acoustic shadowing with surrounding
hypochoic collection)

were evaluated, stated that USG improves accuracy in the
detection of superficial abscesses.

Isolated lymph nodes

In our study, three cases out of 100 cases were all of them
diagnosed with USG. Hajek et al.,' studied and found that
USG proved highly effective for the detection, localization,
and delineation of enlarged lymph nodes of the neck.
Infiltration of adjacent structures, specifically the common,
internal, and external carotid arteries, and the neck muscles
was reliably demonstrated.

Foreign body (Figure 3)
In our study, three cases out of 100 cases were foreign
bodies. Foreign body granuloma is granulation tissue
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Figure 4: Neurofibroma (a): Multiple swellings in abdomen. (b): HRUSG
image shows a well-defined hypoechoic lesion in the subcutaneous
plane and showing posterior acoustic enhancement. (c): Color Doppler
image shows no vascularity. (d): H and E stained section shows
proliferation of hypocellular spindle cells with wavy serpentine nuclei
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Figure 5: Malignant peripheral nerves sheath tumors (a): HRUSG
image shows a well-defined heterogenous hypoechoic lesion in the
subcutaneous plane along radial nerve. (b): Color Doppler image shows
internal vascularity. (c): T1 coronal image shows hypointense lesion.
(d): T2 sagittal image shows hyperintense lesion)

formation in response to penetrating injury. All are
diagnosed on USG and confirmed by surgical correlation.
In a study done by Shiels" in 1990, the localization of
foreign body procedure was performed in 19 patients
with 21 foreign bodies. They concluded that the USG is a
very useful tool to localize soft-tissue foreign bodies and
thereby guide removal.
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Neurofibroma (Figure 4)

In our study, two cases out of 100 cases were neurofibroma.
Wise et al.,”” in 2005 showed in their study that plexiform
neurofibromas (PN) are most common in the head and
neck location, followed by spine, extremities, mediastinum,
and abdomen.

Malignant peripheral nerves sheath tumors (Figure 5)
In our study, two cases out of 100 cases were MPNST, two
were malignant nerve sheath tumors. Malignant lesions
were MPNST which was diagnosed with the help of USG
and MRI and confirmed by biopsy. Reynolds etal.,” in 2004
had retrospectively reviewed images of 12 biopsy-proven
peripheral nerve sheath tumors. The tumors in their series
were predominantly hypoechoic.

Scar endometriosis (Figure 6)

In our study, two cases out of 100 cases were scar
endometriosis, which diagnosed with the help of USG
and MRI and confirmed with biopsy report. Wolf and
Kopecky®™ concluded that endomettiosis of the abdominal
wall is rare and usually arises in a surgical incision. MR has
been used to evaluate endometriosis of the ovaries. A case

of endometriosis in a cesarean section scar is presented
and evaluated with CT and MRI.

Dermatofibroma
In our study, one case out of 100 cases was dermatofibroma,
which diagnosed with the help of USG, MRI, CT, and

. Y -
Figure 6: Scar endometriosis (a) HRUSG image shows an ill-defined
predominantly hypoechoic lesion in the right rectus abdominus muscle.
(b): Color Doppler images show no vascularity. (c): H and E stained
section shows endometrial gland lined by stroma surrounded by dense
fibrocollagenous tissue
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histopathology. Han etal.,” concluded that dermatofibroma,
also known as fibrous histiocytoma, is one of the most
common cutaneous soft-tissue lesions, accounting for
approximately 3% of skin lesion specimens received by
dermatopathology laboratories.

Tibialis anterior hernia

In our study, one case out of 100 cases was tibialis anterior
hernia, was diagnosed on USG, and confirms after surgical
follow-up. Zhou et al.,** concluded that a muscle hernia may
also protrude through a fascial defect into the subcutaneous
tissues in continuity with the underlying muscle, commonly
the tibialis anterior muse.

Plane

In our study, 100 out of 77 cases were superficial, 20 cases
were deep and three cases were superficial+deep which are
in concordance with the studies done by Wagner et al.,* and
Hung et al.,” where all lipomas were in the subcutaneous
plane, except the study done by Inampudi et al.,'” which
included deeper masses.

Congenital versus acquired: In our study, the majority
of cases are acquired (66%) and 34% of cases were
congenital. Darrow et al.,” studied and found that infantile
hemangioma is the most common tumor in childhood

(Table 2).

Management

In our study, the majority of 62 cases out of 100 managed
surgically, 21 cases out of 100 managed medically, and
17 cases followed up. Out of 100 cases, 92 cases have
histopathology reports of which 84 cases diagnosed
correctly using various basic imaging modalities (Table 3).
Padia et al.,”® studied and found that medical therapy for
vascular anomalies has become more prominent as a
treatment modality.

Radiological diagnosis Number of patients (%)

Lipoma 33 (33)
Epidermal inclusion cyst 19 (19)
Haemangioma 13 (13)
AV malformation 3(3)
Venous malformation 7(7)
Lymphatic malformation 4 (4)
Abscesses 7(7)
Isolated lymph node 3(3)
Foreign body 3(3)
MPNST 2(2)
Neurofibroma 2(2)
Scar endometriosis 2(2)
Dermatofibroma 1(1)
Tibialis anterior hernia 1(1)

MPNST: Malignant peripheral nerve sheath tumor, AV: Arteriovenous
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_ 6-

Type of Number Available Correct
management  of cases histopathological radiological
report diagnosis
Surgical 62 59 53
Medical 21 18 17
Follow-up 17 15 14

Limitations of the study
This was a single-centered study.

CONCLUSION

e Role of radiology in the management of STS is to
diagnose it early with a less expensive radiation-free
modality so as to avoid delayed diagnosis and providing

early correct management.

e USG remains the first-line imaging modality for the
assessment of STS. It is diagnostic in benign, cystic,

and superficial lesions.

e MRIis overall the best imaging modality in equivocal or
suspicious lesion. It has surpassed its role in malignant,

vascular, and deep lesions.

e (T 'scanisanaccessory tool used to see mineralization,

calcification, and bone involvement.
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