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Objective: Chemical shift artefact (CSA) is often encoun-
tered during MRI evaluation of superficial soft tissue
masses. The study aim was to determine the incidence
and diagnostic relevance of CSA in a consecutive series
of superficial soft tissue masses referred to a specialist
musculoskeletal sarcoma service.

Methods: All patients referred over a 6 month period
with a non-lipomatous superficial soft tissue mass were
prospectively analysed. Patients characteristics (age,
gender), lesion features (anatomical location, size, rela-
tionship to the skin and deep fascia), presence of CSA
and final histopathological diagnosis were collected. The
presence of CSA was statistically analysed against these
clinical, imaging and histopathological variables.
Results: 128 patients fulfilled the inclusion criteria [63
males, 65 females; mean age = 50.6 years (7-96 years)].
CSA was present in 50 cases (39.1%) overall, but in 39
(41.5%) of 94 cases with histological diagnosis. There

INTRODUCTION

MRI has been established for many years as the technique
of choice for the identification, characterisation and local
staging of soft tissue tumours.'™ There are also many
non-neoplastic and benign lesions which have typical MR
imaging features that allow a confident diagnosis to be
made without the requirement for needle biopsy,*® but the
characterisation of most soft tissue sarcomas is less reliable.
However, MRI plays a major role in the pre-operative plan-
ning of soft tissue sarcomas.’

Further characterisation of soft tissue tumours is possible
with diffusion-weighted imaging (DWI), which is an MRI
technique that assesses the movement of free water mole-
cules within tissues as measured by the apparent diffusion
coefficient (ADC).? Variation in ADC values can differen-
tiate benign from malignant lesions,”'! can differentiate

was no statistically significant relationship to any
assessed variable apart from relationship to the deep
fascia, CSA being more frequent in lesions contacting
the fascia compared to lesions contacting both skin and
fascia (p-value 0.02). In particular, the presence of CSA
did not allow differentiation between non-malignant and
malignant lesions.

Conclusion: The presence of CSA is a not infrequent
finding in the MRI assessment of superficial soft tissue
masses but does not appear to be of any significance
in differentiating between non-malignant and malignant
lesions.

Advances in knowledge: CSA is a relatively common
finding in association with superficial soft tissue masses,
but does not indicate a particular histological diagnosis
or help in the differentiation of non-malignant from
malignant lesions.

desmoid tumours from malignant soft tissue tumours,'?

and can also differentiate histological grade in musculo-
skeletal soft tissue sarcomas.'?

Chemical shift artefact (CSA) occurs due to the slight differ-
ence in resonance frequency of protons in fat and water
molecules, being identified at any fat-fluid interface on
short TE sequences along the frequency encoding axis.'*'?
It appears as a line of low signal intensity (SI) on one side of
a lesion/organ with corresponding high SI at the opposite
margin, and is commonly identified around various organs
such as the orbit, kidneys and urinary bladder. Therefore,
it might be expected that soft tissue masses which have a
relatively high fluid content and are surrounded by fat may
demonstrate CSA. CSA has been utilised in a variety of clin-
ical settings. The presence of CSA can differentiate between
benign and malignant lymphadenopathy with a diagnostic
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accuracy approaching 90%.'®!” However, the potential of CSA as
a marker of increased tissue fluid to further characterise muscu-
loskeletal soft tissue masses has not been formally investigated,
although the artefact has been noted in cases of tenosynovial
giant cell tumour and epidermoid cyst.'®

During the reporting of MRI studies for superficial soft tissue
lesions, CSA was frequently encountered by the senior author at
the margin of the tumour with subcutaneous fat, suggesting that
the lesion had a relatively high fluid content, therefore potentially
being cystic, vascular or highly cellular. The current study aims
to determine the incidence and diagnostic relevance of CSA in
a consecutive series of superficial non-lipomatous soft tissue
masses referred to a specialist musculoskeletal sarcoma service.

METHODS

The study was approved by the Research and Development
Committee, with no requirement for informed patient consent.

All patients referred to a specialist musculoskeletal sarcoma
service for assessment of a superficial soft tissue mass were
entered prospectively onto a database over a 6-month period
between June and December 2018. The inclusion criteria were
as follows: (1) the mass was located within the subcutaneous
compartment (i.e. between the skin and the deep fascia); (2) all
MRI studies were performed on a 3T MRI scanner; (3) simple
lipomata (based on the typical MRI features of lesions with
pure fat signal intensity on all pulse sequences) were excluded;
(4) the lesion had not undergone previous biopsy or surgery.

Data collected included patient age and gender, anatomical
location of the lesion, maximal dimension, relationship to
the skin and deep fascia (defined as contact with skin only,
contact with fascia only, contact with both or contact with
neither), presence of CSA, and final histological diagnosis for
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those cases that underwent image-guided core needle biopsy
(IGCNB) or primary surgical excision.

The routine MRI sequences included sagittal or coronal T
weighted turbo spin echo (T;W TSE), sagittal or coronal short
tau inversion recovery (STIR), coronal or sagittal T, weighted
fast spin echo (T, W FSE), axial proton density weighted fast spin
echo (PDW FSE) and axial spectral adiabatic inversion recovery
(SPAIR), with dedicated repetition time, echo time and coil selec-
tion depending upon the body region being imaged. CSA was
considered to be present if the lesion was associated with linear
hyperintensity on one side and corresponding linear hypointen-
sity at its opposite margin on any sequence (Figures 1 and 2).
The absence/presence of CSA was assessed independently by
two Consultant Musculoskeletal Radiologists with 9 (Reader 1)
and 24 years’ (Reader 2) experience of musculoskeletal tumour
imaging. Where there was discrepancy, the final decision was
made independently by a third Consultant Musculoskeletal
Radiologist with 5 years” experience of musculoskeletal tumour
imaging. All radiologists were blinded to the final histological
diagnosis.

All IGCNB/resection specimens were reported by Consul-
tant Histopathologists working within a specialist muscu-
loskeletal sarcoma service. The histological diagnosis was
obtained by review of histopathology reports for those cases
that underwent IGCNB and/or surgical excision. For lesions
excised following IGCNB, the diagnosis was based on the final
resection specimen histology. Tumours were graded as non-
neoplastic, benign, intermediate or malignant based on the
2013 World Health Organisation Classification of soft tissue
tumours. However, for statistical analysis intermediate grade
lesions were combined with benign lesions due to their small
number.'?

Figure 1. A 44-yr-old male with an epidermoid cyst over the lateral aspect of the left buttock. (a) Sagittal 7,W FSE MR image
showing a well-defined multilocular fluid signal intensity lesion with linear hyperintensity around its upper margin (arrow) and
hypointensity around its lower margin (arrowheads) due to chemical shift artefact. (b) Similarly, axial PDW FSE MR image showing
linear hyperintensity around its anterior margin (arrow) and hypointensity around its posterior margin (arrowhead). PDW FSE,
proton densityweighted fast spin echo; oW FSE, T, weightedfast spin echo.
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Figure 2. A 27-yr-old female with a myxoid liposarcoma of the posterior right thigh. (a) Coronal 7;W SE and (b) sagittal 7,W FSE
MR images showing a well-defined lesion with linear hyperintensity around its upper margin (arrows) and hypointensity around
its lower margin (arrowheads) due to chemical shift artefact. (¢) Similarly, axial PDW FSE MR image showing linear hyperintensity
around its superficial margin (arrows) and hypointensity around its deep margin (arrowhead). PDW FSE, proton densityweighted
fast spin echo; T7W SE, T; weighted spin echo; T,W FSE, T, weightedfast spin echo.

Statistical analysis

Interobserver correlation was assessed using the Cohen
statistic. The presence of CSA was correlated with patient age
and gender, anatomical location in the body, relationship to
the skin and fascia, lesion dimension and histological grade.
Continuous variables were compared between groups using the
unpaired t-test for normally distributed variables, whilst the
Mann-Whitney test was preferred for non-normally distributed
variables. Categorical variables were compared between groups
using the x* test, or Fisher’s exact test for variables where the
number of patients in some categories was small.

RESULTS

A total of 128 patients fulfilled the inclusion criteria, 63 males
and 65 females with mean age of 50.6 years (range 7-96 years).
The lesion location is listed in Table 1. The upper limb was
involved in 51 cases (39.8%), the lower limb in 70 cases (54.7%),
and the trunk in 7 (5.5%). 37 lesions (28.3%) made contact with
the skin, 17 (13.4%) with the deep fascia, 58 (45.7%) with both
and 16 (12.6%) with neither.

Discrepancy between the first two readers occurred in 27 cases
(21.1%). Although this was not assessed formally, consensus
review suggested that the commonest cause was cases where
CSA was subtle and usually called positive by Reader 2 and
negative by Reader 1. Interobserver correlation for assessment
of the presence of CSA between Readers 1 and 2 was calculated
at 0.581, indicating a moderate degree of agreement. Following
review of discrepant cases by Reader 3, a final diagnosis of CSA
was made in 50 cases (39.1%).

A histological diagnosis was available in 3 cases (2.3%) based
on IGCNB alone, and in 91 cases (71.9%) based on surgical
resection. Of these 94 cases, 29 (30.9%) were non-neoplastic
in nature, 51 (54.2%) were benign neoplasms and 14 (14.9%)
were malignant. The histological grading and final diagnoses are
presented in Table 2. The remaining lesions were not resected
based on the decision of the treating surgeon following clinical
and imaging review. Of these, 11 showed CSA, the imaging diag-
noses being as follows: four epidermoid cysts, three slow-flow

Table 1. Anatomical distribution of 128 lesions

Body Number
region Subdivision of lesions
Location Upper limb Shoulder girdle 6
Upper arm 14
Elbow 6
Forearm 6
Wrist & hand 19
Lower limb Pelvis, groin & buttock 12
Thigh 16
Knee 12
Calf 13
Ankle & foot 17
Trunk Chest 2
Abdomen 5
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Table 2. Histological diagnoses for 94 cases categorised into non-neoplastic, benign and malignant (alphabetical order and

number in parentheses)

Non-neoplastic (n = 29)

Benign (n =51)

Malignant (n = 14)

Abscess!

Angioleiomyoma'!

Dermatofibrosarcoma’

Calcinosis cutis'

Angiolipoma’

Epithelioid sarcoma (high-grade)"

Distorted erector pili muscle!

Bland fibroblastic tumour"

Leiomyosarcoma4

Endometriosis?

Deep fibrous histiocytoma'

Merkel cell carcinoma®

Epidermoid cyst’

Fibroma of tendon sheath!

Metastatic endometrial adenocarcinoma’

Foreign body inflammatory reaction’

Giant cell (tenosynovial) tumour?

Metastatic squamous cell sarcoma’

Ganglion cyst*

Glomus tumour?

Myxofibrosarcoma (Grade 3)!

Lymph node!

Granular cell tumour!

Myxoid liposarcoma®

Non-specific cyst!

Haemangioma/vascular malformation

Soft tissue osteosarcoma’

Pilar cyst!

Myopericytoma3

Pilonidal abscess!

Myopericytoma/ glomangiopericytoma1

Post-traumatic lesion'

Myxoma2

Reactive lymphoid tissue!

Neurofibroma®

Nodular fasciitis’

Tophaceous gout!

Pilomatrixoma®

Traumatic neuroma'

Schwannoma?

Tumoral calcinosis*

Solitary fibrous tumour'

Xanthomatous inflammation’

Spindle cell lipoma?

Superficial plantar fibromatosis’

Superficial myositis ossificans’

vascular malformations, one ganglion and three lesions which
were classed as indeterminate.

Of the 94 cases with histological diagnosis, 39 (41.5%) showed
CSA. Of these 39 cases, 7 (17.9%) were non-neoplastic, 25
(64.1%) benign neoplasms and 7 (18%) were malignant. The
details of histological diagnoses are presented in Table 3.

Table 4 presents details of the relationship between the pres-
ence of CSA and age, gender, lesion size, relationship to skin
and deep fascia, anatomical distribution and histological grade.
The results indicated no significant differences between the two
groups for most patient characteristics. However, lesion loca-
tion in relation to the skin and fascia was found to be signifi-
cantly different between groups. The CSA present group had a

Table 3. Histological diagnoses for 39 resected cases that showed CSA (alphabetical order and number in parentheses)

Non-neoplastic (n = 7)

Benign (n = 25)

Malignant (n=7)

Epidermoid cyst? Angioleiomyoma® Dermatofibrosarcoma'
Ganglion cyst® Glomus tumour? Leiomyosarcoma’
Lymph node' Haemangioma/vascular malformation’ Merkel cell carcinoma’
Non-specific cyst! Myopericytoma® Metastatic squamous cell
carcinoma’

Pilar cyst! Neurofibroma* Myxoid liposarcoma®

Pilomatrixoma'

Schwannoma?

Solitary fibrous tumour’

Spindle cell lipoma'

Superficial myositis ossificans’
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CSA absent CSA present
Variable Category (n=178) (n=50) p-value
Age - 50.9+17.3 499 +16.7 0.73
Gender Male 39 (50%) 24 (48%) 0.83
Female 39 (50%) 26 (52%)
Size (mm) - 22 [14-37] 21 [14-32] 0.80
Lesion location related Skin 20 (26%) 17 (34%) 0.02
to fascia
Fascia 6 (8%) 11 (22%)
Both 43 (56%) 15 (30%)
Neither 9 (12%) 7 (14%)
Anatomical distribution Upper Limb 29 (37%) 22 (44%) 0.42
Lower Limb 46 (59%) 24 (48%)
Trunk 3 (4%) 4 (8%)
Histologya Non-neoplastic 22 (40%) 7 (18%) 0.14
Benign 26 (47%) 25 (64%)
Malignant 7 (13%) 7 (18%) 0.48
Non-malignant 48 (87%) 32 (82%)
Malignant 7 (13%) 7 (18%)

2Statistics based on 94 cases with histological diagnosis.

larger percentage of lesions located in contact with the fascia
(22% vs 8%), and a smaller percentage of lesions contacting
both skin and fascia (30% vs 56%) when compared to the CSA
absent group. This difference was statistically significant with a
p-value of 0.02. CSA was more common in benign neoplastic
lesions and less common in non-neoplastic lesions, but this
difference was not significant. Also, when comparing all non-
malignant lesions with malignant lesions, there was no statis-
tical difference in the presence or absence of CSA.

The commonest non-neoplastic lesions were epidermoid cysts
(n = 9), for which CSA was demonstrated in two cases (22.2%)
(Figure 1), and ganglion cysts (n = 4) for which CSA was seen in
two cases (50%). The commonest benign neoplastic lesions were
angioleiomyomas (n = 11) for which CSA was demonstrated in
three cases (27.3%) (Figure 3), and vascular malformations (n =
10) for which CSA was seen in seven cases (70%) (Figure 4). The
commonest malignant lesions were leiomyosarcoma (n = 4) for
which CSA was demonstrated in one case (25%) (Figure 5), and
myxoid liposarcoma (n = 3) for which CSA was seen in three cases
(100%) (Figure 2). Conversely, lesions for which CSA was seen in
all cases included glomus tumours (2 of 2), schwannomas (2 of 2),
myopericytomas (3 of 3), myxoid liposarcomas (3 of 3), dermatofi-
brosarcoma (1 of 1) and Merckel cell carcinoma (1 of 1).

DISCUSSION

The wide differential diagnosis of superficial soft tissue masses has
been reviewed in several recent articles. Blacksin et al*’ discussed
differential diagnosis based on lesion origin from the epidermis,
dermis and subcutaneous fat layer. In a further review article,
Beaman et al®! classified superficial masses as being of mesen-
chymal origin, skin appendage tumours, metastatic lesions, other
tumours and tumour-like lesions and inflammatory lesions.
Further differential diagnosis was based on patient age and loca-
tion within the subcutaneous compartment, lesions being related
to the dermis/epidermis, to the fascia or purely within the subcu-
taneous fat. Most recently, Zhang et al** described the CT and
MRI features of superficial soft tissue masses. All three articles
were based on literature review and gave no indication as to the
relative frequency of the different lesions described.

Hung et al* reviewed the ultrasound features of 714 superficial
soft tissue tumours, 247 of which had a confirmed histolog-
ical diagnosis. 27 different lesions were encountered, of which
lipomas (n = 105), vascular malformations (n = 30) and epider-
moid cysts (n = 30) were the commonest, and there were only
11 malignant tumours comprising 4.5% of all cases, but 7.7% of
non-lipomatous tumours. Khoo et al** reported on the safety of
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Figure 3. A 26-yr-old female with an angioleiomyoma of the left distal calf. (a) Sagittal ;W SE MR image showing an oval interme-
diate signal intensity lesion (arrows) with linear hyperintensity around its upper margin and hypointensity around its lower margin
due to chemical shift artefact. (b) Similarly, axial PDW FSE MR image showing linear hyperintensity around its anterior margin and
hypointensity around its posterior margin (arrows). PDW FSE, proton densityweighted fast spin echo; T3W SE, T; weighted spin

echo.

primary surgical excision in 58 patients with small (<3 cm) super-
ficial soft tissue masses that were indeterminate based on their
MRI appearances. 48 were neoplastic and 4 (6.9%) were found
to be malignant. All lesions were completely excised, supporting
the safety of this practise in a specialist sarcoma service as

recommended by recent European guidelines.> Most recently,
Pham et al*® reviewed the histological diagnoses of small (<2 cm)
indeterminate soft tissue masses referred to a specialist sarcoma
service, finding 7 of 39 cases (17.9%) to be malignant with no
differentiating MRI features.

Figure 4. A 45-yr-old male with a slow-flow vascular malformation of the left upper arm. (a) Sagittal 7,W FSE MR image showing
a lobular lesion containing small phleboliths with linear hyperintensity around its upper margin (arrow) and hypointensity around
its lower margin (arrowhead) due to chemical shift artefact. (b) Similarly, axial PDW FSE MR image showing linear hyperintensity
around its medial margin (arrows) and hypointensity around its lateral margin (arrowhead). PDW FSE, proton densityweighted

fast spin echo; T,W FSE, T, weightedfast spin echo.
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Figure 5. An 80-yr-old female with a high-grade leiomyosarcoma of the medial right thigh. (a) Coronal ;W SE and (b) sagittal
ToW FSE MR images showing a well-defined lesion with linear hyperintensity around its upper margin (arrows) and hypointensity
around its lower margin (arrowheads) due to chemical shift artefact. (c) Similarly, axial PDW FSE MR image showing linear hyper-
intensity around its medial margin (arrow) and hypointensity around its lateral margin.

It is known that inadvertent excision of soft tissue sarcomas in
non-specialist centres results in a significant proportion with
residual tumour ranging from 31 to 72%, as recently reviewed
by Grimer et al.”® This requires re-excision of the surgical bed
resulting in a more extensive scar, and often post-operative
radiotherapy,”” although such management may not compromise
overall patient prognosis.”® In a study looking at the patient char-
acteristics of unplanned surgical excision of soft tissue sarcomas,
most tumours arose in the thoracic region. Leiomyosarcoma
was the commonest tumour, with a diagnosis of lipoma and
fibroma/dermatofibroma most commonly being initially made.
Half of tumours were small and superficial in location, and just
over 60% had received no pre-operative imaging. Approximately,
two-thirds of the lesions did not fulfil criteria for referral to a
sarcoma service.”’

Considering the above findings, any imaging features which
can help to distinguish between non-malignant (non-neoplastic
lesions and benign neoplasms) and malignant superficial solid
soft tissue tumours would be of added value. Galant et al®
described the relationship of subcutaneous soft tissue tumours to
the superficial fascia on MRI, finding that if the lesion formed an
obtuse angle with the fascia, it had a 6.3 times greater likelihood
of being malignant while if the lesion penetrated the fascia it was
6.88 times more likely to be malignant. Calleja et al®! reviewed
the clinical and MRI features that helped distinguish superficial
sarcomas from benign lesions, with increased patient age, lobular
contour, intratumoral haemorrhage/necrosis, fascial oedema
and skin thickening all being features suggestive of sarcoma.
The addition of DWI to standard MRI criteria has also been

advocated as useful in determining the malignancy of a superfi-
cial non-fatty mass. Unfortunately, in this study no details were
given of the standard MRI criteria used to differentiate benign
from malignant tumours.**

The current study including 94 superficial soft issue masses with
histological diagnosis arising in the trunk and extremities once
again illustrated the wide differential diagnosis of non-fatty
lesions, with 18 different non-neoplastic lesions, 18 different
benign tumours and 9 different malignant tumours, including 2
metastases. The 14.9% incidence of malignant tumours is likely
biased by the fact that 34 lesions were not removed based on a
combination of clinical and imaging features. Therefore, if it is
assumed that all these 34 lesions were either non-neoplastic or
benign, then the incidence of malignant superficial tumours is
likely closer to 10.9%. This is still higher than the 7.7% incidence
of malignant tumours reported by Hung et al once lipomas had
been excluded,” and the 6.9% reported by Khoo et al,** but
lower than that reported by Pham et al.'®

The current study describes a new feature in the MRI assessment of
superficial soft tissue tumours, namely CSA at the tumour margin
with subcutaneous fat. Although this phenomenon has been previ-
ously illustrated in the literature,***23> we are unaware of any
formal assessment of its incidence or diagnostic relevance. The pres-
ence of CSA would suggest that the mass in question has relatively
high water content, resulting in CSA similar to that commonly seen
at other fluid-lipid interfaces such as the orbits, kidneys and urinary
bladder." In a series of 128 consecutive non-lipomatous superfi-
cial soft tissue masses presenting to a specialist musculoskeletal
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sarcoma service, CSA was identified in 50 (39.1%) cases with a wide
variety of histological diagnoses including non-neoplastic, benign
neoplastic and malignant lesions. 20 histologically different lesions
demonstrated CSA, of which 7 were non-neoplastic, 25 were
benign neoplasms and 7 were malignant tumours. No relationship
was found between patient age or sex, lesion size or location within
the body and the presence of CSA. However, lesion location adja-
cent to the fascia was more commonly associated with the pres-
ence of CSA, which is difficult to explain. Non-neoplastic lesions
were less commonly associated with CSA while benign neoplastic
lesions were more commonly associated with CSA, but this differ-
ence did not reach statistical significance. Similarly, the presence of
CSA could not distinguish non-malignant from malignant lesions.
Therefore, it appears that CSA at the tumour-fat interface is not a
useful MRI sign for guiding management as to whether a lesion
requires excision, or with what degree of margin.

It might have been expected that CSA was a marker of ‘cystic’
lesions such as ganglia and epidermoid cysts, but only 6 of 15
(40%) of ‘cysts’ were associated with CSA. This could be related
to the presence of a true cyst wall. As expected, CSA was present
in a large proportion of vascular tumours (7 of 10; 70%). Benign
neoplasms for which CSA was seen in all cases included glomus
tumours (2 of 2), schwannomas (2 of 2) and myopericytomas (3
of 3), while all cases of myxoid liposarcoma (3 of 3), dermatofi-
brosarcoma (1 of 1) and Merckel cell carcinoma (1 of 1) showed
CSA. These findings are of unclear relevance considering the
small number of cases. However, the association between CSA

Saifuddin et a/

and myxoid liposarcoma is not surprising, considering the high
fluid content in the myxoid matrix of such lesions.*®

The study has several limitations. Interobserver correlation for
the presence of CSA was only moderate, which may be due to
several reasons. In some cases CSA was obvious (Figure 1),
whereas in others it was subtle and may have been considered
differently by the two readers. Also, the differentiation between
a hypointense cyst wall and possible CSA was occasionally prob-
lematic, although it would have been expected that a cyst wall
would result in a circumferential line of hypointensity. CSA was
the only factor assessed, and it is unclear if combining this with
other MRI features that have previously been assessed to differen-
tiate benign from malignant superficial soft tissue masses would
have had an impact on the findings. This would likely require
a further study with larger patient numbers. The number of
malignant lesions was relatively small, although greater than that
described in other studies of superficial soft tissue tumours.*>**
Also, the study was performed at 3 T, and it is not known if the
findings would be relevant at 1.5 T since CSA is known to be
more prominent at higher field strengths.

In conclusion, the current study has documented the presence
of CSA at the margin of superficial non-lipomatous soft tissue
masses referred to specialist musculoskeletal sarcoma service
in 39.1% of cases. However, this sign does not appear to be of
added value in differentiating between non-neoplastic, benign
neoplastic and malignant superficial soft tissue lesions.
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