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Summary. Intraosseous lipoma is a very rare lesion, accounting for only 0.1% of all primary osseous tumors 
(1), first described in 1980 (2).  This lesion is considered the rarest of benign bone tumors (3); probably it is 
not the actual incidence because these lesions are frequently asymptomatic and the introduction of cross-sec-
tional imaging, especially MRI, seems to have increased the detection (4). The majority of intraosseus lipomas 
are in the lower limbs (70%) and the os calcis being the most frequently involved (32%). Most cases reported 
in literature have an age of 40 years (5). Tumor texture could be measured from medical images that provide a 
non-invasive method of capturing intratumoral heterogeneity and could potentially enable a prior assessment 
of a patient. Some Authors recently proposed Texture analysis to characterize musculoskeletal lesions (6). For 
the first time we measured the tumoral texture from Magnetic Resonance images in tibial intraosseous lipoma 
in a 29-years-old female. (www.actabiomedica.it)
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Introduction

Intraosseous lipoma is a very rare lesion, account-
ing for only 0.1% of all primary osseous tumors (1), this 
lesion is considered the rarest of benign bone tumors 
(3). Tumor texture could be measured from medical im-
ages that provide a non-invasive method of capturing 
intratumoral heterogeneity and could potentially enable 
a prior assessment of a patient; some Authors recently 
proposed Texture analysis to characterize musculoskel-
etal lesions (6). For the first time we measure the tu-
moral texture from Magnetic Resonance images in a 
tibial intraosseous lipoma in a 29-years-old female.

Patient information

A 32-year-old female presented to her general 
practitioner with a right severe pain of the knee after 

jogging; the patient reported a limited range of mo-
tion. There was no other prior pertinent medical his-
tory.

Clinical findings

Initial imaging was performed with radiography 
that demonstrated a large, lytic lesion causing promi-
nent expansile remodeling of the proximal tibial dia-
physis; the cortex was thin but well-formed and there 
was not an erosion (Fig. 1). 

An MRI was performed (1,5 T, Philips) to fur-
ther characterize the lesion. Pre- and post-contrast 
T1, T2, short tau inversion recovery (STIR) weighted 
and Dual Gradient-Echo In-Phase and Opposed and 
long-repetition-time fat-suppressed sequences were 
executed. Imaging showed in the proximal tibial dia-
physis a well-defined T1-weighted and T2-weighted 
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high signal lesion (3,4 x 3,2 x 6,6 cm), mildly hyperin-
tense relative to marrow in uninvolved adjacent bone 
and isointense relative to subcutaneous fat (Fig. 2).

Within the lesion multiple cystic areas with fluid 
signal were present (hyperintense on T2-weighted im-
ages and with low signal intensity on T1-weighted im-
ages) (Fig. 3).

Peripheral rimlike enhancement after gadolinium 
injection was found around the cysts. On long-repeti-
tion-time fat-suppressed images, the signal in regions 
with T1 high signal is isointense to that of subcutane-
ous fat (Fig. 4). 

Subsequently, we analyzed the texture of the tu-
mor using the open-source software ImageJ (version 
1,46r, Wayne Rasband, National Institutes of Health, 
USA).

Radiologist with good experience and confidence 
with the use of Texture Analysis selected MRI slices 
and maximum diameter lesion were considered (Fig. 
5). The slices were exported as a single TIFF image on 
a dedicated workstation and converted into 8 bit. The 
radiologist manually traced a ROI in the inner edge of 

Figure 1. RX frontal (a) and lateral view (b). Lytic lesion caus-
ing prominent expansile remodeling of the proximal tibial dia-
physis

a

b

Figure 2. T1- weighted sequences (sagittal view): lesion with 
high signal intensity (same signal of adipose tissue) with multi-
ple hypointense cystic areas. Cortex is thinned without erosion

Figure 3. (Axial view) Cystic lesion lesion with high intensity 
signal in T2-weighted sequenze (a) and low intensity signal in 
T1-weighted sequenze (b)

a b

Figure 4. (sagittal view, STIR sequenze). The lesion presents 
suppression signal typical of adipose tissue
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the lesion. Then, the image was filtered and smoothed 
applying a band-pass filter and spatial filter (sigma 
4mm); values ​​obtained are reported in the following 
table (Table 1).

In our case, texture characteristics like the nega-
tive Skeweness and positive Kurtosi are typical for be-
nign lesion (7-9). These data are completely original 
and, if confirmed by more effective studies, may help 

Figure 5. (a) Sagittal view PD T1-w (b) Sagittal view STIR (c) Axial view T1-w (d) Coronal view Spin-Echo T1-w (e) Sagittal 
view post contrast enhancement T1-w fat-sat (f ) Coronal view, post contrast enhancement T1-w fat-sat. Near morphological image 
is shown the same lesion manually segmented after the application of a Spatial Scale Filter (sigma 4mm) and a Band-Pass Filter for 
the extraction of the textural feautures
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specialists in the future in the diagnosis and treatment 
planning of this disease.

CT biopsy was performed and showed mature 
adipose cells. No treatment were considered for the 
patient according with literature (4).

Discussion

Intraosseous lipomas are very rare bone tumours, 
with 200 cases reported thus far (5, 10, 11). Authors 
that presented the largest numbers of case were Mil-
gram and Campbell et al. (61 cases, 35 of these were 
contributed by Members of the British Society of Skel-
etal Radiology) and carried out a meta-analysis of cases 
presented in the English literature since 1966 (5, 12).

Osseous lipomas are found in patients of widely 
divergent ages but are most commonly discovered in 
the 4th and 5th decades of life, with a slight predomi-
nance in males (male-to-female ratio 1.6:1)

Intraosseous lipomas in 70% of reported cases 
are associated with clinical symptoms (usually pain)
(5). However, we think that the low incidence is deter-
mined by the lack of symptoms of injury.

Intraosseous lipoma often occurs in the lower 
limb (71%), usually within the calcaneus (about 30% of 
cases). Other frequent locations include: subtrochan-
teric femur, as well as femur and tibia in the region of 
the knee joint (5). A less common location is the upper 
limb (7%) and the axial skeleton (cranium – 4%, man-
dible – 3%, spine – 4%, pelvis – 5%) (5, 12-15).

A recent review of the literature report 14 cases 
of intraosseous lipoma (16) involving the spine; five 

cases (35%) occurred in the lumbar region, four (28%) 
in the sacral region, three (21%) in the cervical region, 
one (7%) in the thoracic region and one (7%) in the 
coccygeal region (17-26).

Histologically, these tumours are composed of 
mature adipose cells (slightly larger than the non-tu-
morous ones) and may include single spindle cells, re-
gressive lesions (foci of fat necrosis, cystic spaces, and 
dystrophic calcifications) and bone trabeculae under-
going resorption (27-29).

Milgram classified these lesions into three stages, 
depending on the histopathological appearance (22).

Stage I includes lesions composed of mature lipo-
cytes, similar to the cells of subcutaneous adipose tis-
sue. 

Stage II includes lesions whit necrotic foci, foamy 
macrophages and foci of reactive osteogenesis. 

In stage III lesion is a completely necrotic with 
focal calcifications and cystic degeneration that resem-
bles a bone infarct, the only features differentiating it 
from lipoma being lack of trabecular resorption or pos-
sible bone expansion (22, 28).

Some authors do not consider intraosseous lipo-
mas true bone tumors (28, 29) because these lesions 
often localize in areas with physiologically low density 
of trabeculae and a higher yellow bone marrow content 
(ex. trochanteric region of the femur or the anterior 
part of heel bone). Another preferential localization is 
the Ward’s triangle between the load-bearing trabecu-
lae in the calcaneus (30, 31). In this area resorption 
of the trabeculae in unloaded area can determinate 
peripheral trabecular hypertrophy (5). Other authors 
consider the specific vascularization of the Ward’s tri-

Table 1.

	 Pdt 1.2	 Stir	 t1 ax	 t1 se cor	 t1 sop	 t2 gr

Mean	 107.235	 101.713	 104.347	 104.486	 97.387	 71.693
sd	 23.307	 33.623	 23.470	 30.580	 34.440	 52.218
skew	 -0.066	 -1.603	 -0.608	 -0.129	 -1.873	 -0.121
kurt	 1.733	 3.345	 1.657	 1.475	 5.345	 0.545
asm	 0.040	 0.052	 0.077	 0.084	 0.045	 0.085
contrast	 135.411	 134.487	 214.234	 191.819	 88.332	 103.250
correlation	 1.998-4	 2.493-4	 1.881-4	 1.569-4	 3.885-4	 3.598-4

idm	 0.545	 0.553	 0.584	 0.542	 0.540	 0.543
entropy	 5.987	 6.026	 5.565	 5.827	 6.151	 5.684



Texture analysis in a rare case of tibial intraosseous lipoma 73

angle as a predisposing factor to bone marrow infarc-
tion and development of regressive lesions (29).

Other authors thought that lipomas could consti-
tute the last phase of involution of other focal lesions 
of bones (bone infarct for example) or regression of 
aneurismal cyst when this causes bone expansion (32).

Radiographic examination of these tumours pre-
sent poorly delineated osteolytic lesions with a non-
reactive bone degeneration or an accompanying ma-
lignant periosteal reaction and a large tumour in soft 
tissues; radiographic picture of intraosseous lipomas 
is usually uncharacteristic. There are many differential 
diagnoses based on RX findings includes non-ossify-
ing fibroma, fibrous dysplasia, solitary cyst, giant-cell 
bone tumor, bone infarct and cartilaginous tumour (5, 
28). Intraosseous lipomas usually present as cystic le-
sions with an increased radiolucency, surrounded by 
a sclerotic rim (74%) (5, 33). Lipomas located in the 
proximal femur may be surrounded by a relatively ex-
tensive area of sclerotisation (22). Lesions in the in-
tertrochanteric area of the femur need to be differen-
tiated from liposclerosing myxofibrous tumor, a very 
rare, benign fibro-osseous lesion with mixed histology, 
which may include components of lipoma (34). Inside 
the cysts, internal trabeculations may be present, while 
in lipomas with regressive lesions, foci of calcifications, 
usually located centrally (5, 28). Small bone expansion 
may be found in some cases of intraosseous lipomas 
and is usually of minor degree while greater expansion 
must be differentiate from aneurysmal cyst (27, 29). 

MRI is essential for the correct characterization 
of this lesion because it is composed of adipose tissue 
and this method are actually diagnostic (35).

Fluid-filled spaces show a low-to-medium sig-
nal intensity in T1-weighted images, and a very high 
signal intensity in T2-weighted within intraosseous 
lipoma have been described in literature (34). 

No contrast enhancement was present in the fat 
tissue of the intraosseous lipoma (35).

In many cases have been reported linear areas of 
low signal intensity on T1- and T2- weighted images 
correlated with areas of trabecular thickening and rim-
like calcification. 

Large fat-containing lytic lesion that demonstrat-
ed expansile remodeling and contained large areas of 
fat necrosis with peripheral calcification was diagnos-

tic of an intraosseous lipoma. If MRI is contraindi-
cated CT can be diagnostic (2, 35). CT examination 
revealed an extensive soft-tissue mass without mac-
roscopically visible adipose tissue (5). In CT images 
fat tissue has low attenuation coefficient, ranging from 
−110 to −40 HU.

We analyzed the texture of the tumor using the 
open-source software ImageJ (version 1,46r, Wayne 
Rasband, National Institutes of Health, USA).

In our case texture characteristics like the nega-
tive Skeweness and positive Kurtosi are typical for be-
nign lesion (7-9). These data are completely original 
and, if confirmed by studies more effective, may help 
specialists in the future in the diagnosis and treatment 
planning of this disease.

We believe, in agreement with the literature, 
that imaging of a tumour composed of adipose tissue 
proves its benign nature and concludes the diagnostic 
process (5). Additional proof for the validity of this ap-
proach is presented in papers analysing the presence of 
adipose tissue in benign and malignant bone tumours 
of various histological structures, which indicate that 
the existence of adipose tissue in malignant tumours 
is extremely rare (36, 37). A correct diagnosis is very 
important for the clinical prognosis. Some authors be-
lieve that no treatment should be considered for these 
tumors (38-44). Several others recommend, if there 
are any symptoms, carrying out currettage and filling 
the cavity with bone graft.

Teaching Point

Intraosseous lipoma is a very rare lesion, account-
ing for only 0.1% of all primary osseous tumors. MRI 
is essential for a correct diagnosis.

Texture analysis is a new technique that could 
help in the future in characterization of the lesion.
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