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Introduction
LMS is a malignant tumor comprising of spindle-shaped 

cells with distinctive smooth muscle cell features [1]. They are 
approximately 7% to 10% of all soft tissue sarcoma [2]. Most 
of these tumors occur frequently in uterus and soft-tissues and 
more rarely in bone [3-5]. The first description of a primary bone 
LMS in a long bone was given in 1965 [1]. Since then, to the best 
of our knowledge, around 130 cases of primary LMS of bone have 
been reported, mostly small case reports that have focused on its 
histological diagnosis [4]. The clinical behavior of osseous LMS is 
generally aggressive. Most of the published studies of LMS of the 
bone have reported poor prognosis with a 35% overall survival rate 
[6]. 

LMS diagnosis is established by the presence of morphologically 
typical spindle cells with smooth muscle differentiation and the 
positivity of a smooth muscle actin and other muscle markers on 
tumor cells, such as desmin and h-caldesmon [7]. Furthermore, the 
specific characteristic of primary bone LMS is a solitary osteolytic 
lesion with indistinct margins and cortical destruction with the 
absence of either osteoid or chondroid matrix [8,9]. Since its 
recognition as a distinct entity, to our knowledge no sizeable series  

 
has examined its imaging features. Furthermore, only a few studies 
about primary LMS of the bone with emphasis on MRI findings have 
been published [10]. We present the clinical features, radiological 
findings and pathological description of a primary LMS originating 
from the distal femur in a middle-aged lady. Best to our knowledge, 
this is the first case report of “FFLs” on MRI of a primary LMS of 
the bone. 

Case Report
40-year-old women presenting with one-month pain on the left 

knee. She denied fever, history of trauma or any other symptoms. 
She had no pathological medical history. Blood tests were 
performed, showing hemoglobin level 12.3g/dl, white blood cell 
count 5300/L with normal differential, creatinine level 0.45mg/
dl, glucose 93mg/dl. Radiography of the left knee revealed bone 
lesion in the metaphysis and epiphysis of the distal left femur. It 
was a permeative lytic lesion. Neither periosteal reaction nor 
mineralization matrix was shown. An uncertain thinning of the 
medial cortical was present. CT scan showed osteolytic lesion 
in the distal metaphysis of the left femur with thinning of the 
anteromedial cortical. It had an eccentric medullary location on 
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the axial plane. No periosteal reaction or evidence of soft tissue 
mass was shown. MRI without and with paramagnetic contrast 
revealed a bone lesion in the distal metaphysis of the left femur. It 
was predominantly hypo-isointense on T1-weigthed images (WI) 

and had very heterogeneous high signal intensity on T2-WI. It had 
a central oval area of 2cm that had a cystic behavior with FFLs. The 
medial cortical was overpassed by the tumor (Figures 1-3). 

Figure 1: Anteroposterior radiograph of left knee.

Note: 

A.	  lateral radiograph of left knee

B.	 show ill-defined, predominantly osteolytic lesion of left distal femur with endosteal thinning. 

Figure 2: Sagittal CT Anterior cortical breaching is visible on sagittal view.

Note: 

A.	 axial CT (b) of the left distal femur show metaphyseal osteolytic lesion with extension to either the diaphysis and the epiphysis 
(juxtaarticular portion of the long bone).

B.	  Neither matrix mineralization nor accompanying sclerosis were found.
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Figure 3: Axial MRI.

Note: 

A.	 Axial DP fat sat image shows a bone lesion on the distal epiphysis of the left femur, moderately hyperintense, that overpass 
the cortical and a central oval area with fluid-fluid levels. 

B.	 Axial T1 shows the hypointense tumor with a central oval area with fluid-fluid levels. 

C.	 Axial T1 post contrast shows an extensive diffuse and heterogeneous contrast enhancement of the tumor.

On post-contrast T1 fat sat WI, extensive diffuse and 
heterogeneous contrast enhancement hard tissue was shown. 
Central oval area did not present enhancement on the post-contrast 
images. The patient was referred to our institution for an evaluation 
by an Osteoncology Multidisciplinary Team, composed of, at 
least, an orthopedist, an oncologist, a radiologist, a pathologist, a 
radiotherapist, a physiatrist, a palliative therapist, and a nuclear 
medicine physician. The team suggested a biopsy of the bone 

lesion. PET-TC showed a FDG deposit on a lytic lesion on the distal 
epiphysis of the left femur with SUV max 9.7, in relation with the 
primary tumor. No other FDG deposits were found. There was a light 
subtle deposit in the uterus, probably functional (premenstrual 
phase) with SUVmax 2.6. The multidisciplinary team reviewed the 
patient clinical condition, the imaging findings, and the results of 
the biopsy, suggesting neoadjuvant chemotherapy and surgery of 
the bone LMS. 

Discussion

Figure 4: A: Sagital T1 MRI, an hypo-isointense lesion occupying juxtaarticular epiphysis and metaphysis of the femur with a central 
oval area. FFLs are not clearly seen on this images. B: Coronal T1 fat sat shows a hypointense tumor with an oval hyperintense area 
with fluid- fluid levels. C: Coronal T1 fat sat postcontrast: intense enhancement is shown in the lesion and in soft tissues adyacent 
to the medial cortical.

LMSs are malignant soft tissue tumors with smooth muscle 
differentiation apparent with immunohistochemical or electron 
microscope studies (WHO) [4,8,11]. They are approximately 7% to 

10% of all soft tissue sarcoma [2]. LMS can be further subclassified 
into cutaneous, gastrointestinal, uterine and somatic lesions [3,4]. 
In most cases, somatic LMS occurs primarily in the retroperitoneum, 
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the soft tissue of the extremities, the blood vessels, or rarely, in 
the bone [5]. When a LMS appears in the skeleton the possibility 
of a metastasis should be considered. Primary LMS of the bone 
is fairly uncommon, with less than 0.7% incidence of all primary 
malignant bone tumors [1,3]. There is a wide age distribution, with 
a preference for those middle-aged or older. Although LMS has 
been reported in patients as young as 9 years old, the mean age 
for diagnosis of this tumor in case series studies is about 50 years 
[4,11]. Primary LMS of bone most frequently occurs in the long 
bones of the lower extremities, particularly distal femur [4,5,11-
13] (Figure 4). 

Histologic features of primary LMS of the bone does not differ 
from those of LMS found elsewhere in the body [5]. It is just one of 
the variants of spindle cell sarcoma of bone characterized by the 
expression of desmin and other markers indicating a significant 

element of smooth muscle in the tumor, without osteoid production 
[9]. 

Immunohistochemical staining allows the diagnosis by 
demonstrating the presence of smooth muscle markers and 
immunoreactivity in tumor cells. Immunohistochemical findings 
could be a diagnostic tool, since several tumors of the bone 
(conventional and nonconventional osteosarcoma, malignant 
fibrous histiocytoma, giant cell tumor, chondroblastoma) could 
express smooth-muscle actin. H-Caldesmon seems to be a more 
specific marker [13]. On plain radiographs, LMS of bone appears 
as an osteolytic lesion with indistinct margins and moth-eaten or 
permeative pattern [4,8,11,15]. No mineralization matrix can be 
recognized. In addition to osteolysis, bone lesions show various 
degrees of aggressiveness, as the lack of a sclerotic rim and cortical 
breakthrough [4,8,11] (Figure 5). 

Figure 5: PET-CT: showed a FDG deposit on a lytic lesion on the distal epiphysismetaphysis of the left femur with SUV max 9.7, in 
relation with primary tumor.

Description of the MRI findings of a primary osseous LMS 
is limited. LMS of the bone is usually hypointense on T1-WI and 
showed heterogeneous signal intensity on T2-WI [10]. Sundaram 
et al. also pointed out a striking feature in long bones, that was its 
exceptional length of this primary malignant tumor of bone, unlike 
the typical appearance of metastatic disease [10]. FFLs can appear 
when substances with different densities are contained within 
a cystic or compartmentalized structure [16]. The presence of 
these levels in a bone lesion suggests internal bleeding, followed 
by stratification of the blood components according to their 
density [16-18] but they can also be seen in malignant tumors 
with liquefactive necrosis. This necrosis may follow chemotherapy 
or radiotherapy [19]. These levels can be observed in simple 
radiographs and tomographic studies, but MRI is the best method 
to diagnose them [18]. The levels are depicted when imaging is 
performed in a gravity dependent plane [19]. 

The upper level is usually hyperintense in relation to the lower 
level in the power sequence in T2, because the latter usually contains 
the cellular elements. However, in the sequence enhanced in T1, the 
appearance varies depending on the stage of the lesion, presenting 
a signal increase in the upper level when the bleeding is subacute, 
presumably due to the presence of extracellular methemoglobin 
[20]. In the formulation of a differential diagnosis, we should 
start combining clinical information, location and radiographic 
appearance of the lesion. However, differential diagnosis of an 
osteolytic lesion with permeative pattern without mineralization 
matrix beyond LMS of the bone, includes other common entities 
as metastasis, myeloma, pleomorphic sarcoma and classically is 
characteristic of osteomyelitis and round cell tumors (lymphoma, 
Ewing’s sarcoma and neuroblastoma) [21]. Our case demonstrated 
a central cystic area with FFLs. Since the initial observation of FFLs 
on CT and MRI of aneurysmal bone cyst (ABC) [22,23], they have 
been identified in many different types of tumors (Figure 6). 
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Figure 6: Histology from a surgical biopsy: fascicles of pleomorphic spindle cells with marked atypia. The tumor lacks osteoid. 
Immunohistochemically, the cells show positive staining with smooth muscle actin, calponina and caldemon but not desmin. The 
number of mitosis was 8/10 high-power fields. No necrosis was found. 
Note: 
A.	 Fascicles of pleomorphic spindle cells with marked atypia (H-E, x100). 
B.	 Positive staining with smooth muscle actin. 
C.	 Positive staining with caldesmon. 
D.	 Positive staining with calponina. 

Overall prevalence of FFLs in bone tumors reported by 
O’Donnell et al. [24] was 11.2% in a series of 738 consecutive 
patients referred with focal lesions of bone. The extent of FFLs 
within a focal bone lesion appears to be inversely related to the 
degree of malignancy [25]. If at least 2/3 of the lesion shows FFL 
change, 89% of diagnoses are benign. Differential diagnosis in a 
bone lesion with FFLs would include common diagnosis as ABC 
and telangiectatic osteosarcoma, less common diagnoses as giant 
cell tumor, unicameral bone cyst [26], chondroblastoma [27] and 
rare diagnoses as brown tumor (hyperparathyroidism) [28], 

osteoblastoma [29] and fibrous dysplasia [30]. Primary ABC is ruled 
out in our case by aggressive radiological features on plain films, as 
it usually presents as a sharply demarcated expansive, lytic lesion 
with a thin and uninterrupted cortical margin on plain films [24]. 
Differentiation of telangiectatic osteosarcoma and ABC based on 
visualization of FFLs either on CT or MRI can be problematic [22]. 
The malignant appearance of telangiectatic osteosarcoma could 
already be appreciated on plain radiographs, with a permeating 
pattern of cortical and trabecular bone destruction or a periosteal 
reaction with Codman’s triangles [31] (Figure 7). 

Figure 7: surgical specimen shows the tumor in the metaphysis with extension to the epiphysis and invasion of soft tissues. 
Note: 
A.	 A central cystic area is shown.
B.	 The cut surface appears white and inhomogeneous. 
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Giant cell tumors of bone, also known as osteoclastomas, are 
relatively common bone tumors, usually benign, that typically 
arise from the metaphysis of long bones and extend into the 
epiphysis. Although FFLs can be seen on MRI when a secondary 
ABC component is present, heterogeneous high signal with areas 
of low signal intensity due to hemosiderin or fibrosis [32] are 
characteristic. Other primary bone lesion with a secondary ABC 
formation [23,24,27,32,33] can be ruled out because of location 
(osteoblastoma), age (chondroblastoma) or clinical presentation 
(fibrous dysplasia, brown tumor) do not match in this particular 
case. To the best of our knowledge, this is the first report of FFLs 
of a primary osseous LMS. After recognition that FFLs occurs in 
LMS of the bone, this particular entity should be included in the 
differential diagnosis. Furthermore, a better understanding of FFLs 
as a nonspecific finding seen in a wide range of bone and soft-tissue 
tumors [16] improved the diagnostic approach. In this particular 
case, after revision of the patient clinical condition, the imaging 
findings, and the results of the biopsy, the multidisciplinary team 
suggested neoadjuvant chemotherapy and surgery of the bone LMS. 
It is generally agreed that early resection of the tumor seems to be 
the best choice of definitive treatment and the clinical outcome 
of LMS of bone is simply affected by whether surgery with a wide 
margin is possible or not [34,35]. The effectiveness of combination 
chemotherapy or radiotherapy is still unclear. Moreover, the current 
chemotherapy regimens had little impact on the improvement 
of survival unlike other types of chemo- sensitive primary bone 
sarcoma, such as osteosarcoma in children and young adults [35].  

Conclusion

Primary bone LMS is a rare tumor and it is a diagnosis of 
exclusion. Radiological findings show aggressive lytic lesions, but 
it does not allow differential diagnosis with other aggressive bone 
tumors. Diagnosis requires histology and immunohistochemistry 
staining. As far as we know, this is the first case described in the 
literature with the radiological finding of FFLs. We believe that it 
should be included in the differential diagnosis of bone tumors with 
this radiological sign.
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