MRI Soft Tissue Pseudotumors

ISMRM Seattle 2006

Suzanne E. Anderson M.D.

Department of Diagnostic Radiology, University Hospital of Bern,
Inselspital, Bern, Switzerland

The educational objective of this presentation is to be able to distinguish some patterns of benign
lesions that can be mistaken for neoplastic lesions on MRI.

Musculoskeletal pseudotumors on MRI are not infrequent due to the increased availability of MR
imaging and expanding clinical referral basis. A large variety of MRI pseudotumors exist. A
recent review of seventy-seven patients referred to our ambulatory MRI unit for tumor imaging of
the shoulder and upper limb region, showed forty-six ( 60%) were due to pseudotumors. Very
commonly a forgotten minor past injury, whether related to sport, work or trauma, not
immediately perceived as being related to the current clinical problem, is often the cause of the
pseudotumor. This insult may then be complicated by secondary infection. Contributary features
include the presence of normal variants with overuse syndromes, body habitus and inappropriate
training and equipment or overwork. In other cases, characteristic locations and patient age may
be suggestive of the diagnosis, such as elastofibroma dorsi of the infra-scapular posterior thoracic
wall.

The commonest variants will be reviewed with imaging examples, some background theory and
correlation with histology will be provided to reinforce this and comparison will be made with
real soft tissue tumors. Some more unusual, though diagnostically classical pseudotumors with
MRI will also be demonstrated.

Improved MRI diagnosis for pseudotumor is possible with increased awareness by the radiologist
to the imaging appearances of commoner types of pseudotumors, correlation with radiographs
and an appropriate clinical history. Either with the use of a small questionaire before MRI or
quick check by the reporting radiologist with brief review of the patient’s clinical history and
clinical appearance, the MRI diagnosis may be quite specific. Often this diagnosis may be a
surprise to the referring clinician.

Correlation with conventional radiographs is extremely important as many masses or focal
abnormalities on MRI simulating neoplasms may have characteristic radiographic appearances
and be easily diagnosed [1, 2]. Examples include the peripheral calcific rim of myositis
ossificans, retained radio-opaque foreign bodies, stress fracture of bone and hydroxyapatite
deposition within tendons.

Musculoskeletal pseudotumors on MRI can be subdivided anatomically into those related to
superficial and deep soft tissues both muscle, tendon, ligament, nerve and vascular structures in
origin and into those related to osseous structures both epiphysial, apophysial, periosteal and
medullary bone and to joint structures. They can also be subdivided by etiology such as trauma
acute, subacute and chronic; sports and work related activities or overuse; infection and
symptomatic normal variants.

The commoner types of musculoskeletal pseudotumors on MRI include: myositis ossificans, tears
and overuse of ligaments and muscles, stress reactions or stress fractures of bone and soft tissue



hematomas and abscess formation. Other not uncommon pseudotumors include those associated
with the overuse of normal variants, inflammatory calcium deposition disorders of tendons, joints
and bursa and foreign body reactions.

Fat necrosis, muscle hematoma and myaositis ossificans of muscle may give rise to MRI
pseudotumors. Fat necrosis after minor trauma may result in a clinically palpable mass due to
organized hematoma formation, fat necrosis and fibrosis. Only one quarter of children with an
MRI fat necrosis pseudotumor recalled a history of trauma [3].On MRI there was linear signal
intensity within the subcutaneous tissues of either the anterior tibia or of the buttock region, an
absence of a mass, though there was commonly a volume plus of the subcutaneous region [3].

Localized myositis ossificans is a common MRI pseudotumor [4]. Usually the heterotopic
formation of bone occurs within muscle and in approximately one quarter of cases due to an
identified trauma. It may rarely occur in association with other structures such as tendons and
fascia. During the active initial phase the mass-like region may be clinically warm, painful and
woody in consistency. Biopsy during the early phase of development may give a false
osteosarcoma diagnosis as there is florid osteoblastic activity. Serial radiographs demonstrate the
development of a peripheral rim of calcification of the mass at usually 6 to 8 weeks after injury
and that the calcification is separate from bone. If the trauma involves deep muscle injury in some
cases there may be an associated periosteal reaction of the adjacent bone. The appearances on
MRI reflect the phase of development of the myositis ossificans and the zone phenomenon of the
histology. In the early phase before ossification the lesion is usually isointense to muscle on T1-
weighting with no distinct borders and increased in signal intensity on T2-weighting centrally [5],
with marked adjacent soft tissue edema. At this stage there may or may not be a subtle peripheral
rim, like a tide mark. In subacute lesions with early peripheral calcification there is a low signal
intensity rim, like a tide mark on the beach, reflecting this calcification. The center of the lesion
may be isointense to muscle or slightly increased in signal intensity on T1- weighting. On T2-
weighting the central portion of the lesion is very high in signal intensity and the rim’s decreased
signal is more clearly evident [1, 5]. At this subacute stage the adjacent edema of soft tissues may
be very prominent. A common feature to myaositis ossificans in the acute and subacute phases, is
the marked adjacent soft tissue reaction, which is very unusual in primary malignant tumors
which have not been previously biopsied or undergone intratumoral hemorrhage [1]. In the
chronic phase, the central portion of the lesion is slowly ossifying, so eventually the signal
intensity is similar on T1 and T2-weighting to that of fatty marrow of bone [5]. Though less
common, multiple muscles and the regions between muscles may be involved. A variant of
myositis ossificans occurring in the fingers and less commonly in the toes is fibro-osseous
pseudotumor of the digits or florid reactive periostitis. Inflammatory myopathies are most usually
diffuse in nature, commonly bilateral in the thighs or calves and associated with weakness or
tiredness, though quite rare some forms may be focal such as nodular myositis, sarcoid associated
myopathy [6] and diabetic muscle infarction.

Nodular fascitis or pseudosarcomatous fascitis commonly occurs in 20 to 35 year old athletic
patients presenting with a focal clinical mass with pain. There are three forms: subcutaneous the
commonest, intramuscular which may appear as a focal mass and MRI pseudotumor, and fascial
which usually spreads along superficial fascial planes. Early lesions typically have a high T2
signal intensity reflecting the myxoid histology [1, 2] and older lesions may have more decreased
signal intensity on T2-weighting reflecting the more predominantly fibrous histology [1]. Overall
the MRI appearance is nonspecific.

Tears and overuse of ligaments and muscles, both acute and chronic, may cause MRI
pseudotumors. Partial avulsion of the adductor muscles of the thigh from the femoral diaphysis



in children due to sports injuries or overuse may cause an MRI pseudotumor which may simulate
a malignant sarcoma [7]. In five young patients, who presented with a provisional clinical and
radiological diagnosis of femoral sarcoma, review of MRI from three patients showed a periosteal
reaction on the posteromedial aspect of the femur centered on the muscle-bone interface of the
vastus medialis and intermedius and adductor muscle insertions on the femoral shaft. There was
wide spread intramedullary edema and an absence of bone or soft tissue mass. Stress fractures
lines were excluded. This condition has been studied using bone scans in adults, in army training
and called “adductor insertion avulsion syndrome” or “thigh splints” [8]. The cause is thought to
be due to excessive adductor contraction with stripping of the femoral periosteum anteromedially
[8]. Knowledge, particularly of the MRI findings with an appropriate clinical setting can help
physicians to make the correct diagnosis and eliminate unnecessary biopsy. Proximal adductor
avulsions near the symphysis pubis [9] and intramuscular strains [10] have been described in
adults. Chronic muscle avulsive injuries in a variety of lower limb sites in children have been
described [11]. Overuse with excessive prolonged carrying of large babies may rarely lead to
masses of the wrist, found to be due to de Quervains tenosynovitis [12].

Post-traumatic stress and impingement entities may cause MRI pseudotumors. In the clinical
history review for work, trauma and sports related injuries with questioning for altered or
excessive training and changed equipment may be helpful. Excessive training with suboptimal
shoes in figure ice skaters and professional snow boarders may cause MRI pseudotumors of soft
tissues around the ankle associated with the shoe-rim [14]. Some sites for stress fractures are
practically pathognomonic for specific sports such as spinal pars defects of the thoracic and lower
lumbar spine in cricketers particularly in fast spin bowlers with unilateral defects often involving
the side opposite to the bowling arm [15]. Any periosteal reaction associated with muscle
hypertrophy in a sports person should prompt review of type of training and accurate history of
pain, as the MRI findings may be due to overuse. Radiographic correlation and follow-up are
important. Any linear low signal intensity on T1 weighting associated with increased signal
intensity of T2-weighting, which becomes more obvious with contrast enhancement and fat
suppression should prompt a diagnosis of stress fracture. Radiographic and clinical correlation
and follow-up are important.

Muscle abnormalities [16], soft tissue hematomas, abscess formation and ischemic- compression
syndromes are common MRI pseudotumors. Superficial soft tissue hematomas may be associated
with minimal trauma and the event little thought of at the time of presentation to MRI. Whereas
deep muscle hematomas are more commonly associated with more obvious trauma, coagulation
disorders such as hemophilia or difficulties with acute or chronic anticoagulation therapy can also
cause such hematomas. Often the MRI appearances may be complex as there is repeated
hemorrhage within soft tissues and muscle movement. The MRI appearances of hematoma
depends on the state of the hemoglobin molecule, whether it is intra- or extracellular in nature [2,
17- 19]. In the hyperacute phase blood is isointense on T1-weighting and decreased on T2-
weighting, reflecting the earliest phase of oxygenated hemoglobin to deoxyhemoglobin. With cell
lysis, in the subacute phase (1 week to 3 months old), the hemoglobin molecule becomes
extracellular methemoglobin and is characteristically increased in signal intensity on T1 and T2-
weighting. Weeks to months later the methemoglobin breaks down into hemosiderin with
decreased signal intensity on T1 and T2-weighting. Breakdown of blood products in the
hematoma is not uniform with accelerated peripheral breakdown reflecting a low signal rim and
centrally there is a more inhomogeneous signal intensity. It may sometimes be difficult to
distinguish simple hematoma from a large hemorrhage into a malignant mass [2]. A tumor nodule
or rim of irregular tumor, or contrast enhancement within an irregular nodule may be helpful to
distinguish the two [2]. Hematomas may become secondarily infected and present a more
complex MRI appearance with more peripheral and surrounding soft tissue reaction.



Pyomyositis may occur in healthy individuals, however the clinical picture prior to MRI strongly
suggests infection. However patients with immunosuppression may present to MRI with a mass.
MRI features [20, 21] suggesting an abscess include a thickened peripheral rim on T1 and T2-
weighting, which may be increased in signal intensity on T1-weighting and demonstrates marked
contrast enhancement. Immunosuppressed patients commonly have an absence of marked
adjacent soft tissue and subcutaneous edema. Fortunately atypical organisms may rarely cause
abscess formation with a mass like appearance on MRI such as cysticercosis [22, 23],
Echinococcus granulosus in hydatid disease and Coccidioides immituis in Coccidioidomycosis
[2]. In Human Immunosufficiency patients rarely Bartonella henselae, a gram negative bacillus,
may cause bacillary angiomatosis- focal infection in soft tissues which is highly vascularized and
may erode and involve adjacent bone, mimicking a sarcoma [24]. This organism may also be
involved in “cat scratch disease’ [25], as the carrier is usually a cat. When causing cat scratch
disease, it is usually associated with single lymph node enlargement.

Normal variants and their overuse may present as MRI pseudotumors. Supernumerary bones
(styloid bone, accessory ossification centers for scaphoid tuberosity) [26], tarsal coalition,
accessory soleus muscle, and extensor digitorum manu brevis muscle [26] are some targets.
Occasionally tarsal coalition and calcaneal spurs associated with peroneal tendon inflammation
and partial tear may be associated with a marked synovial reaction and tenosynovitis, prompting a
pseudotumor. Awareness of these syndromes and review of the radiographs usually allows
correct diagnosis. Schmorl’s nodes may rarely present as giant cystic-like lesions of the vertebral
bodies in young patients [27]. Additional computerized tomography may confirm these
diagnoses. Ruptured Baker’s cysts with perifascial fluid medial to the medial calf muscles, may
appear as a mass on MRI, however extension to the posteromedial knee joint should allow for the
correct diagnosis.

Calcium deposition disorders- hydroxyapatite, gout and calcium pyrophosphate dihydrate crystal
deposition disorders with calcium deposition in tendons, ligaments and bursae may create MRI
pseudotumors. Patients with a provisional clinical diagnosis of tumor associated with ligament
calcification may be referred for MRI [28]. Three of four patients had MRI with focal thickening
of the lateral collateral ligament associated with adjacent marked soft tissue reaction with
intravenous gadolinium contrast enhancement, which on review of the radiographs correlated to
soft tissue calcifications. With its acute clinical onset and dissipation on follow-up radiographs,
this entity is presumed to be due to hydroxyapatite deposition. Review of radiographs at the time
of MRI reporting and awareness of this entity and others like it, is critical for correct MRI
diagnosis of pseudotumor.

Metabolic disorders may be associated with MRI pseudotumors such as amyloid deposition and
hyperparathyroidism. Secondary amyloidosis is the commonest, usually seen in association with
chronic renal failure. It is due to the deposition of beta-2 microglobulins within joint capsules and
tendon sheaths and may rarely be associated with pseudotumors near joints. Characteristically
there is a decreased signal intensity on T2-weighting, which appears to reflect the collagen-like
nature of the amyloid [2]. Primary, or now more commonly, secondary hyperparathyroidism may
be associated with brown tumors of bone which are nonspecific on MRI. The most common
clinical setting is chronic renal failure and laboratory results are diagnostic with high serum
calcium, low serum phosphorus and a high parathormone level. Idiopathic tumoral calcinosis may
present as an MRI pseudotumor with large septated regions of variable signal intensity in
periarticular regions on both T1 and T2-weighting, however review of the radiographs allows for
this diagnosis.



Foreign body reactions due to trauma and retained surgical swabs (*“cottonballoma’) [30],
fortunately are less common, though should be considered in the appropriate clinical setting.
Close inspection for traces of intramedullary screws, subtle metallic artifacts or direct evidence of
retained foreign bodies, such as glass, should be sort for.

Less common MRI pseudotumors include hand pseudoaneurysms [31]. Ten of twenty-five cases
presented clinically as soft tissue masses without other symptoms. These are usually caused by
acute trauma with direct arterial injury, however they may be due to chronic repetitive trauma and
the hypothenar hammer syndrome [32]. This syndrome describes signs and symptoms associated
with ischemia of the hand and fingers secondary to blunt repetitive injury of the ulnar artery and
superficial volar arch against the hook of hamate. Arterial wall damage may lead to
pseudoaneurysm formation and or vessel thrombosis, micro emboli formation [33] and
compression of the sensory branch of the ulnar nerve [33]. Usually described in men of working
age with industrial occupations involving repetitive blunt trauma to the hands [34, 35] it has also
been described in sports-related injuries in handball players and baseball catchers [33- 36]. The
thenar hammer syndrome [37] involves acute or chronic compression of the radial artery between
the first and second metacarpal where the artery is more superficial in location and covered only
by the muscle of flexor pollicis brevis and subcutaneous fat. The commonest pseudoaneurysms
involve the popliteal artery, and if due to arteriosclerosis they will bilateral in up to 75% of cases

2]

Post therapy including post radiation MRI appearances may be associated with a MRI
pseudotumor. Post-surgical denervation muscle finding at MRI may mimic a tumor, particularly
in the acute phase where this swelling and edema within muscle, however there is an absence of a
mass. Radiotherapy MRI findings of altered soft tissue and bone marrow signal intensities may be
suspicious, however on close review there is usually no real mass and review of the radiotherapy
details and port positioning usually allow a correct diagnosis [38].

Pitfalls

Ensure thorough review of radiographs correlating closely with MRI and if needed add additional
computerized tomography (CT) scan. Review all regions of MRI as there may be a second
lesion. Metatases to soft tissues, such as from esophageal adencarcinomas, may hemorrhage and
mimic MRI soft tissue pseudotumors

Recommendations

Marking pain and the mass site with a marker is recommended as the abnormality may be subtle
on MRI or there may be a need to confirm the MRI finding such as a normal variant, is the cause
for the patient’s clinical mass. Either additional clinical information in the form of a questionnaire
before the MRI, or at the time of the MRI readout, with brief review of the clinical history and
clinical findings in relation to the MRI, may be very useful and increase the likelihood of
diagnosing an MRI pseudotumor.
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