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Lymphoma presenting as a musculoskeletal
soft tissue mass: MRI findings in 24 cases

Abstract The purpose was to de-
scribe the MRI morphological features
and signal intensity (SI) characteristics
of 24 histologically proven cases of
musculoskeletal soft tissue lymphoma
presenting clinically as a suspected
primary soft tissue sarcoma. This was
a retrospective review of clinical notes
and MRI studies of 24 patients with a
histologically confirmed diagnosis of
lymphoma. All patients presented to a
specialist orthopaedic oncology unit
with a suspected primary soft tissue
sarcoma. Features assessed included
lesion size and morphology, location,
extension across anatomical compart-
ments and signal intensity character-
istics. The lesions were predominantly
poorly defined with peritumoral oe-
dema in ten cases. All tumours were of
intermediate T1W SI, while 85% of

lesions also showed intermediate T2W
SI. Almost all cases that were located
just deep to the fascia showed subcu-
taneous extension, while 50% had
involvement of more than one muscle
compartment. In 29% of cases, there
was extension of tumour along the
neurovascular bundle. Histo-patholo-
gically, 23 lesions were non-
Hodgkin’s B-cell lymphoma. The
MRI features of primary musculo-
skeletal soft tissue lymphoma include
a mass with intermediate SI on T1W
and T2W images, involvement of
more than one anatomical compart-
ment, subcutaneous extension and
extension along the neurovascular
bundle.
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Introduction

Lymphoma can arise in lympho-reticular tissue anywhere
in the body, and haematogenous spread from nodal disease
leads to extra-nodal involvement and disseminated disease.
Extra-nodal involvement of lymphoma in the lung,
gastrointestinal tract, central nervous system, salivary
glands, gonads and thyroid is well recognised and occurs
in approximately 20% of cases [1], but clinically detectable
involvement of skeletal muscle is distinctly uncommon.
One study found only 8 patients with soft tissue lymphoma
in 7,000 cases of lymphoma [2], and another indicated that
primary lymphomatous involvement of skeletal muscle is
seen in only 0.3% of Hodgkin’s lymphoma and 1.5% of
non-Hodgkin’s lymphoma [3]. Sarcoma is the most
commonly suspected diagnosis in patients presenting

with non-fatty intramuscular masses. However, it is
important to make the correct diagnosis, as isolated
intramuscular lymphoma has the same favourable progno-
sis as other stage I non–Hodgkin’s lymphomas [4].

This study reviews the magnetic resonance imaging
(MRI) features of 24 cases of pathologically proven
musculoskeletal soft tissue lymphoma presenting to an
orthopaedic oncology unit as a suspected primary soft
tissue sarcoma.

Materials and methods

The case records and MRI features of 24 patients with
pathologically proven lymphoma presenting as a suspected
primary soft tissue sarcoma between June 2000-June 2006

S. Suresh
Derriford Hospital,
Plymouth Hospitals NHS Trust,
Plymouth, PL66SD, UK

A. Saifuddin . P. O’Donnell (*)
The Royal National Orthopaedic
Hospital NHS Trust,
Brockley hill, Stanmore, HA7 4LP, UK
e-mail: paul.o'donnell@rnoh.nhs.uk
Tel.: +44-20-89095443
Fax: +44-20-89095281



were retrospectively reviewed. Due to the tertiary referral
status of the unit, patients usually presented following MRI
at the referring hospital, resulting in a wide variety of
imaging protocols. However, all studies were performed on
high field magnets. MRI sequences included T1-weighted
spin echo (W SE) images (n=23), T2-weighted fast spin
echo (W FSE) images (n=14), fat-suppressed T2W FSE
images (n=8) and short tau inversion recovery (STIR)
sequences (n=16) in a variety of planes. Thirteen patients
had T1W SE images repeated following administration of
intravenous contrast medium.

All the images were reviewed by the senior authors, who
are the lead radiologists at the tertiary referral unit for soft
tissue and bone tumours. Information obtained included the
site of lesion, lesion morphology and size, patterns of local
extension, surrounding reactive soft tissue oedema and
lesion signal intensity (SI) characteristics. Regarding the
latter, the predominant SI of the lesion was compared to
skeletal muscle for T1W SE images and to skeletal muscle
and subcutaneous fat for T2W FSE, FS T2W FSE and
STIR images.

All patients underwent image-guided percutaneous nee-
dle biopsy. The histology was reviewed in all patients,

and the diagnosis and sub-type of the lymphoma were
confirmed.

Results

Clinical findings

The study group consisted of 24 patients (14 male and 10
female), with a mean age of 39.6 years (range 35–91 years).
In two cases, there was a history of previous non-
Hodgkin’s lymphoma, which was in remission. In the
remaining patients, there was no significant previous
medical history. The most common sites of involvement
were the calf, thigh and arm (Table 1).

MRI findings

Regarding lesion morphology, 8 masses were lobular and
well-defined, while 16 cases showed poorly defined
margins (Fig. 1a–c). The mean cranio-caudal lesion length
was 12.7 cm; the mean antero-posterior and transverse

Table 1 Clinical details, location and MRI features

Sex Age Site Comp Skin/subcut SI T2 type SI T1 type Enhancement pattern

F 73 Calf Four Yes Intermediate Hyperintense Heterogeneous

F 66 Knee One None Intermediate Hyperintense N/A

M 66 Thigh One None Intermediate Hyperintense N/A

F 66 Clavicle One Yes Intermediate Isointense Homogenous

F 54 Calf Two None Intermediate Isointense Homogenous

F 74 Arm Two Yes Intermediate Isointense Heterogeneous

F 66 Elbow One None Intermediate Hyperintense Heterogeneous

M 38 Para-scapular Two Yes Hyperintense Hyperintense Homogenous

M 51 Arm Two Yes N/A Isointense N/A

M 35 Arm One Yes Intermediate Hyperintense Heterogeneous

F 70 Forearm Four Yes N/A Hyperintense Heterogeneous

F 65 Groin One None Intermediate Isointense N/A

F 65 Thigh One Yes Intermediate Hyperintense Heterogeneous

M 78 Thigh One None Intermediate N/A N/A

M 59 Calf Three Yes Intermediate Hyperintense Homogenous

F 74 Thigh Two None Intermediate Hyperintense Heterogeneous

M 70 Calf Two Yes Intermediate Isointense N/A

M 36 Calf Three None Hyperintense Hyperintense Heterogeneous

M 58 Arm/axilla One None Intermediate Hyperintense Heterogeneous

M 61 Thigh One Yes Intermediate Isointense N/A

M 58 Forearm Four None Intermediate Hyperintense N/A

M 91 Arm Two None Intermediate Isointense N/A

M 89 Paravertebral-lumbar One Yes Intermediate Hyperintense N/A

M 59 Groin One None Intermediate Hyperintense N/A
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diameters were 6 cm and 5.95 cm, respectively. The largest
lesion measured 40×7×8 cm. There was peritumoral
oedema in 11 cases (Fig. 1a,b).

The T1W SE SI was iso-(n=8) (Fig. 2a) or hyperintense
(n=15) (Fig. 2b) to skeletal muscle (T1W SE images were
not available for review in one case). The SI on T2W FSE
images was intermediate between fat and skeletal muscle in
14 cases (Fig. 1a,c), being homogenous in 10 of these
(Fig. 2c). On fat-suppressed T2W FSE images, one lesion
was isointense to fat, one lesion was isointense to muscle,
three lesions had intermediate SI between fat and muscle, and
three lesions were hyperintense to fat. In all available cases,
STIR images showed hyperintense SI (n=16) (Fig. 2d), while
available post-contrast T1W SE images showed heterogene-
ous enhancement in nine cases (Fig. 2e,f).

Involvement of more than one muscle compartment was
present in 12 cases (50%). All five calf lesions involved
more than one compartment (Figs. 1, 2a,f), and there was
extension of contiguous tumour to four compartments in
two cases. Multi-compartment involvement by tumour was
seen in one case in the thigh, one case in the para-scapular
region and three cases in the arm; the anatomical distribu-
tion of disease is shown in Table 2.

Thickening of the skin and subcutaneous fat was seen in
11 cases (Figs. 1b,c and 3) and was presumed to represent
lymphomatous infiltration, since no histological proof from
biopsy was available to confirm this. Tumors located
superficially within the muscle showed direct extension
through deep fascia into the subcutaneous fat (n=9), and
there was infiltration of the adjacent skin in two cases. In
three other cases, subcutaneous oedema only was seen.
T2W FSE images were the most useful in distinguishing
infiltration from oedema, as the intermediate SI mass is
clearly identified breaching the fascia and infiltrating the
high SI subcutaneous fat (Fig. 1c). Infiltrated skin showed
marked thickening and distortion (Fig. 3).

In seven cases, there was extension of the tumour along
the neurovascular bundle with complete encasement of the
vessels in six cases and partial encasement in one (Fig. 4a,b).
The lesion extended proximally in five of the cases and
distally in two. In two cases, tumours presented as
discontinuous masses that were widely separated (Fig. 5).
There was extension into the adjacent bone in four cases in
the form of contiguous marrow SI abnormality (Fig. 6)

Pathology

Needle biopsy showed 91.6% (n=22) of the cases to be B-
cell lymphoma; one was mixed B/T-cell lymphoma, and
one was a T-cell lymphoma. Further analysis of the B-cell
lymphomas revealed 12 large cell diffuse, 4 follicular and 1
lymphocytic lymphoma. Five of the cases were not further
characterised.

Discussion

Various studies in the literature have shown that muscle
lymphoma is very rare. Only 472 extremity soft tissue
lymphomas (0.01%) were documented in a review of
39,179 soft tissue tumours over a 10-year period [5].
Involvement of muscle by lymphoma can occur in one of
the three ways: as part of disseminated disease, as
extension from adjacent bone or lymph nodes or very
rarely as primary extra-nodal disease. It has been suggested
that primary lymphoma of muscle may arise within
aberrant lymph nodes, although these lymph nodes are
not histologically recognizable at the time of diagnosis [2].
In a large retrospective study from the Mayo Clinic, Travis
et al. [2] reported primary muscle lymphoma in only 8 of
7,000 cases of malignant lymphoma. Many studies have

Fig. 1 Lesion morphology. A 54-year-old female with calf
lymphoma. Axial T2W FSE image (a) of the calf showing a well-
defined, lobular intermediate SI mass (arrows) located deep to the
fascia within both the anterior and lateral compartments. A 73-year-
old female with calf lymphoma. Coronal fat-suppressed T2W FSE

(b) and axial T2W FSE (c) images showing a poorly defined
intermediate SI mass (arrows) located within the anterior, lateral and
deep and intermediate posterior compartments of the calf with
extension through the fascia (arrowheads). Note also extensive
perifascial oedema
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found that the thigh and upper arm are the commonest sites
affected by soft tissue lymphoma [2, 6–9]. The present
study was consistent with this, but also found an equal
number of cases occurring in the calf (Table 1).

The role of imaging in muscle lymphoma has been
discussed in various reports. The CT features are often non-
specific, as the mass may be homogenous and of low
attenuation [10] or of similar attenuation to muscle [11].
Following intravenous contrast medium, the masses may
have similar attenuation to the adjacent skeletal muscle [11]
or show avid homogenous contrast enhancement [8].
Hence, CT is not considered very useful for evaluating
soft tissue lymphoma.

There are various small series and case reports
describing the MRI findings in muscle lymphoma. Eustace
et al. [12] reported three cases of biopsy-proven muscle
lymphoma. All the cases showed muscle enlargement,
isointensity on T1W and hyperintensity on T2W with

homogenous enhancement. Hosono et al. [13] described
the MRI and CT features in four pathologically proven
cases of muscle lymphoma. The MRI findings consisted of
enlargement of muscle with preservation of fat planes,
extension along the muscle fascicles, hyper- or isointensity
on T1W and increased SI on T2W with homogenous
enhancement. Beggs (n=5) [14] and Lee (n=5) [15]
described similar MRI signal characteristics to the above
studies, but also infiltration of the adjacent subcutaneous
fat and involvement of multiple muscle compartments.

On T2W FSE images, soft tissue lymphoma masses
showed predominantly intermediate SI between that of fat
and muscle. A homogeneous, intermediate SI soft tissue
mass on T2W FSE images was the commonest pattern.
T2W FSE images are now routinely used in musculoskel-
etal imaging, and these result in higher SI from fat than
conventional T2W SE images, which may explain some of
the apparent differences in SI characteristics between the

Fig. 2 Lesion SI characteristics. A 73-year-old female with calf
lymphoma. Axial T1W SE image (a) showing a poorly defined mass
(arrows) that is isointense to skeletal muscle. A 37-year-old male
with arm lymphoma. Coronal T1W SE image (b) showing a
superficial mass in the posterolateral aspect of the mid-arm (arrows)
that is mildly hyperintense compared to skeletal muscle. A 66-year-
old male with distal thigh lymphoma. Axial T2W FSE image (c)
showing a homogeneously intermediate SI mass (arrows) in the

popliteal fossa. Same case as (b). Coronal STIR image (d) through
the arm showing a heterogeneous hyperintense mass (arrows). Axial
post-contrast T1W SE image (e) through the arm showing a lesion
with mainly uniform enhancement (arrows) and a small area of
necrosis (arrowhead). A 36-year-old male with calf lymphoma.
Axial post-contrast T1W SE image (f) showing a lesion with
predominant necrosis and peripheral enhancement (arrows)
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present and previous studies [13–15]. On T1W SE images,
all masses were homogeneously iso- or hyperintense to
muscle, with the majority being mildly hyperintense
(15/23), even in the absence of haemorrhage. These
findings show some correlation with previous studies:
Beggs [14] and Hosono [13] noted T1 hyperintensity in
three of five and two of four cases, respectively, but
isointensity was the norm in cases reported by Lee [15] and
Eustace [12] (five of seven and three of three cases,
respectively). In the cases that received intravenous
contrast medium, there was usually heterogeneous en-
hancement. Both diffuse homogeneous [13–15] and het-
erogeneous [14] enhancements have previously been

reported, and we conclude that post-contrast studies are
not specific in characterising a lymphomatous mass.

A striking feature in our study was extension of tumour
into the subcutaneous tissues overlying the involved
muscle, with occasional skin thickening. No biopsies of
these superficial tissues were performed as muscle was
targeted in each case, but MRI suggested lobular tumour
extending to subcutaneous fat in continuity with a super-
ficial muscle lesion (n=11) and extending to the overlying
skin, which showed thickening (n=2). Isolated oedema in
subcutaneous fat was seen in a further three cases. This can
occur adjacent to other non-neoplastic muscle pathologies,
for example, pyomyositis (pyogenic and tuberculous) and
inflammatory myopathies [16–18] and was reported in
myositis as early as 1991 by Fleckenstein et al. [19], but in
our experience it is uncommon in sarcoma. Involvement of
subcutaneous tissues by muscle lymphoma has previously
been noted by Beggs (five of five) [14] and Lee (four of
seven) [15].

Another important feature that may suggest lymphoma is
involvement of more than one muscle compartment. In our
study this was identified in 50 percent of cases, and MRI in
these patients clearly showed the extent and groups of
muscles involved. Eustace [12] and Hosono [13] also
reported involvement of more than two muscle groups, but
these studies did not emphasise multi-compartment
involvement. Lee [15] and Beggs [14] have described
this feature, and we agree that it may indicate lymphoma as
the most likely diagnosis, as it would be a highly unusual
pattern of disease extension with soft tissue sarcoma.

The present study has also noted extension of the tumour
along the neurovascular bundle, which was seen in 7/24
cases and may represent infiltration along the lymphatics.
However, this finding has not been discussed in any of the
previous studies. This pattern of spread is highly unusual in

Table 2 Anatomical distribution of the disease in multi-compart-
ment involvement

Site Number of
compartments
involved

Anatomical Description of the
compartments

Calf Four Anterior Posterior deep

Posterior
intermediate

Lateral

Calf Three Anterior Posterior deep

Lateral

Calf Three Anterior Posterior superficial

Lateral

Calf Two Anterior Posterior deep

Calf Two Anterior Lateral

Thigh Two Anterior Posterior

Arm
(3 cases)

Two Anterior Posterior

Forearm
(2 cases)

Four Flexor deep and
superficial

Extensor deep
and superficial

Anatomical description of the compartments [22]
Calf compartments:
(1) Anterior compartment-tibialis anterior, extensor hallucis longus,
extensor digitorum longus
(2) Posterior deep-tibialis posterior
(3) Posterior intermediate-flexor hallucis longus, flexor digitorum
longus
(4) Lateral or peroneal-peroneus longus, peroneus brevis
Thigh compartments:
(1) Anterior-quadriceps
(2) Posterior-hamstrings
(3) Medial-adductors
Arm-compartments:
(1) Anterior-biceps, brachialis, coracobrachialis
(2) Posterior-three heads of triceps
Forearm compartments:
(1) Flexor deep
(2) Flexor superficial
(3) Extensor deep
(4) Extensor superficial

Fig. 3 Skin involvement. A 74-year-old female with arm lympho-
ma. Axial T1W SE image showing diffuse thickening of the skin
(arrows)
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sarcoma, with the exception of the rare epithelioid sarcoma
in which extension along the neurovascular bundle is an
uncommon but recognised occurrence, especially in
tumours that have an infiltrative growth pattern [20].
Muscle lymphoma, therefore, behaves as an infiltrative
lesion rather than a compartmental condition such as
sarcoma.

There are a number of reasons why it is important to
consider the possibility of lymphoma as the cause of a soft
tissue mass arising in muscle. Histopathological analysis of
the biopsy specimen may be influenced by the imaging
diagnosis. If lymphoma is suspected, appropriate immu-
nohistochemical characterization of tumours will drasti-
cally reduce the incidence of “undifferentiated” diagnoses
and will optimise patient management [21]. Further,
staging of lymphoma would probably include CT of the
neck/chest/abdomen/pelvis, whereas staging of soft tissue
sarcoma requires chest CT alone. Correct diagnosis is
essential to guide appropriate management with chemo-

therapy and avoid unnecessary surgery. In our institution,
percutaneous image-guided biopsy was performed in all
these patients, which yielded adequate tissue for diagnosis,
with no failed biopsy. All of the patients in this series were
referred back to local haematology services for further
staging and treatment.

Limitations of the study

This was a retrospective case series of patients with a
proven diagnosis of muscle lymphoma. No control group
was included to try to determine the sensitivity and
specificity of the described signs, and therefore, no
comments can be made regarding the diagnostic accuracy
of MRI in cases of suspected soft tissue lymphoma. This
would be a valuable study for further research.

Fig. 4 Vascular involvement. A
73-year-old female with calf
lymphoma and extension into
the popliteal fossa. Axial T2W
FSE image (a) showing an
intermediate SI mass (arrows)
partially encasing the popliteal
vessels. A 58-year-old male
with lymphoma of the axilla.
Sagittal post-contrast T1W SE
image (b) showing a mass
(arrows) completely encasing
the axillary artery and vein
(arrowheads)

Fig. 5 Non-contiguous disease.
Same case as Fig. 1b,c. Coronal
STIR image showing a lobular
hyper-intense mass in the popli-
teal fossa (arrows) with proximal
spread along the neurovascular
bundle (arrowhead)

Fig. 6 Bone involvement. A 36-year-old male with calf lymphoma.
Axial T1W SE image showing involvement of the anterior
compartment of the calf (arrows) with extension into the fibula
(arrowhead)
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Conclusion

TheMRI findings in 24 patients with pathologically proven
soft tissue lymphoma have been described in the largest
imaging series to date. MRI features include a soft tissue

mass with intermediate T2W FSE SI, often mildly
hyperintense to muscle on T1W, involving more than one
muscle compartment, with extension into the subcutaneous
tissues and along the neurovascular bundle.
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