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Abstract
We report the case of a 34-year-old female who was evaluated for a right lower extremity soft-tissue mass, found to be a large 
cystic lesion bound by fibrous tissue containing innumerable, freely mobile nodules of fat. Her presentation suggested the 
diagnosis of nodular cystic fat necrosis (NCFN), a rare entity that likely represents a morphological subset of fat necrosis 
potentially caused by vascular insufficiency secondary to local trauma. Her lesion was best visualized using MRI, which 
revealed characteristic imaging features of NCFN including nodular lipid-signal foci that suppress on fat-saturated sequences, 
intralesional fluid with high signal intensity on T2-weighted imaging, and a contrast-enhancing outer capsule with low signal 
intensity on T1-weighted imaging. Ultrasound imaging offered the advantage of showing mobile hyperechogenic foci within 
the anechoic cystic structure, and the lesion was otherwise visualized on radiography as a nonspecific soft-tissue radiopacity. 
She was managed with complete surgical excision with pathologic evaluation demonstrating, similar to the radiologic fea-
tures, innumerable free-floating, 1–5 mm, smooth, nearly uniform spherical nodules of mature fat with widespread necrosis 
contained within a thick fibrous pseudocapsule. Follow-up imaging revealed no evidence of remaining or recurrent disease 
on postoperative follow-up MRI. The differential diagnosis includes lipoma with fat necrosis, lipoma variant, atypical lipo-
matous tumor, and a Morel-Lavallée lesion. There is overlap in the imaging features between fat necrosis and both benign 
and malignant adipocytic tumors, occasionally making this distinction based solely on imaging findings challenging. To our 
knowledge, this is the largest example of NCFN ever reported.
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Introduction

Nodular cystic fat necrosis (NCFN) is a non-neoplastic soft-
tissue lesion that presents as distinct subcutaneous nodules 
of necrotic adipocytes bound by fibrous tissue [1]. The 
term “nodular-cystic fat necrosis” was first used in 1977 by 
Przyjemski and Schuster to describe this entity in which 
one or more discrete fat nodules were found within a fluid-
filled simple cystic cavity, either free-floating or attached to 
the cyst wall by a thin stalk [2]. NCFN has since also been 

reported in the literature as “mobile encapsulated lipoma” 
and “encapsulated fat necrosis” [3, 4]. NCFN has been 
observed occurring predominantly in adolescent boys or 
middle-aged women and often presents in the lower extrem-
ity as one or multiple palpable subcutaneous masses [1–5]. 
Vascular insufficiency secondary to local trauma has been 
implicated in the pathogenesis of NCFN [1, 2], although 
less than half of reported cases have a known history of 
trauma to the affected area; however, the true incidence may 
be higher, as these lesions have been observed to evolve over 
a time course ranging from days to years, with antecedent 
trauma having occurred up to 10 years prior to the onset of 
disease [4–6].

Here, we report a 34-year-old female who presented with 
unilateral soft-tissue masses in the right lower extremity 
consistent with NCFN. Her lesions were detectable on radi-
ography and visualized by ultrasound, but MRI provided the 
most adequate characterization of her disease. When inter-
preting imaging studies of heterogeneous lipid-containing 
soft-tissue masses, NCFN has a distinctive appearance in the 
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differential diagnosis alongside entities such as lipoma with 
fat necrosis, lipoma variants, atypical lipomatous tumor, and 
Morel-Lavallée lesion. Pathologic evaluation confirmed the 
diagnosis of NCFN which, to our knowledge, is the largest 
known manifestation of NCFN in the literature.

Case report

A 34-year-old woman presented with the chief complaint 
of right knee swelling associated with pain caused by long 
periods of standing. On physical exam, a soft, nontender, 
non-erythematous swelling on the posterior lateral aspect 
of the right knee was noted. The swelling persisted and 

grew for several months, and she additionally developed a 
separate small, firm mass above the knee, at which point 
she was referred to orthopedic oncology and imaging. She 
noted ecchymosis on the lateral knee early in her course of 
symptoms, but she did not endorse any history of trauma 
to the knee. She had no other significant past medical or 
surgical history.

Ultrasound imaging of the knee revealed a frond-like 
intramuscular lesion in the posterior distal right thigh meas-
uring 9.7 cm, containing several mobile echogenic nodules 
with surrounding hypoechoic fluid (Fig. 1). A separate 0.4-
cm cystic lesion was also noted superficial to the primary 
lesion. On MRI, the lesion was visualized as a heterogene-
ous, thick-walled fluid collection filled with innumerable, 
nearly uniform, ovoid, lipid-signal foci demonstrating high 
signal intensity on T1-weighted imaging (Fig. 2a and b) 
and low intensity on T1- and T2-weighted fat suppressed 
sequences (Fig.  2c and d). There was enhancement of 
the wall of the lesion, but not of the internal nodules, on 
T1-weighted postcontrast imaging (Fig. 2e). The lesion was 
measured to be 5.6 cm × 2.6 cm in axial dimension and at 
least 19.9 cm craniocaudally, with full measurement limited 
by the field of view. No suspicious features were present by 
diffusion-weighted imaging, and dynamic contrast-enhanced 
imaging showed homogeneous delayed enhancement of the 
capsule, without early arterial enhancement. There was mild 
mass effect upon the lateral aspect of the biceps femoris, 
but no other changes associated with the lesion were noted 
in the muscles or other structures of the lower extremity. 
The lesion was also visualized on radiography as an ovoid 
nonspecific soft-tissue radiopacity (Fig. 3).

The patient was managed operatively with surgical exci-
sion. Two irregular cystic structures were removed from the 

Fig. 1   Ultrasound imaging of the right posterior distal thigh showing 
several echogenic foci (white arrows) within an anechoic cystic struc-
ture (black arrow) that were mobile by dynamic exam

Fig. 2   MRI of the right knee. 
A–B T1-weighted MRI in 
coronal (A) and axial (B) planes 
showing a large cystic lesion 
(white arrows) containing innu-
merable, round, lipid-signal foci 
located lateral to the right knee 
and extending superiorly into 
the right thigh (black arrow). 
C Fat-suppressed T1-weighted 
MRI showing suppression of 
intralesional fat signal (arrow). 
D Fat-suppressed T2-weighted 
MRI showing suppression of 
intralesional fat signal and high 
signal intensity of cystic fluid 
(arrow), with mild perilesional 
edema. E Fat-suppressed 
T1-weighted MRI with intrave-
nous contrast medium showing 
enhancement of the cyst wall 
(arrow). No enhancement of 
intralesional structures is seen
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right thigh, measuring 11.2 cm and 12.4 cm with externally 
attached yellow-tan, lobulated adipose tissue which were 
removed in separate masses but were connected anatomi-
cally. Upon opening the specimen, the lumen of each cystic 
mass was filled with innumerable yellow-tan, solid nod-
ules measuring between 1–5 mm in greatest dimension and 
lined by a thick fibrous pseudocapsule (Fig. 4a). Histologic 
evaluation revealed innumerable, nearly uniform, individual 
nodules composed entirely of necrotic fat with no evidence 
of viable adipocytes. These nodules were seen freely float-
ing within but bound by this thick fibrous pseudocapsular 
cyst wall (Fig. 4b–d). RNA in situ hybridization for MDM2 
product amplification was negative, excluding an unusual 
manifestation of atypical lipomatous tumor [7]. The final 
diagnosis was nodular cystic fat necrosis.

Clinical follow-up at three months, there were no signs 
of recurrence. Follow-up MRI four months postoperatively 
showed no evidence of remaining disease (Fig. 5).

Discussion

The mechanism underlying the formation of NCFN is not 
completely understood, but it has been proposed that the 
lesions begin as fat lobules which undergo inflammation 
and subsequent vascular insufficiency, perhaps secondary 
to local trauma, which causes necrosis and fibrous encap-
sulation [1, 8]. As a result, the fat is unable to be resorbed 
and is retained as discrete nodules which often become 
freely mobile after they detach from surrounding tissues 
[1, 2]. The presence of lipomembranous changes alongside 
necrotic adipocytes has been proposed as the primary role 
of ischemia in the pathogenesis of NCFN [6]. However, 
NCFN without evidence of adipocytes has been reported, 
suggesting that the cellular components of the lesion are 
eventually resorbed in end-stage disease [9]. Calcifications 
have also been reported in end-stage disease [5, 8, 10]. 
Importantly, the absence of viable adipocytes and the dis-
crete innumerable nodules of NCFN is quite distinct and 
helps separate it from other lipomatous tumors [1].

Przyjemski and Schuster described the gross and 
microscopic appearance of NCFN as similar to detached 
epiploic appendages in the abdomen [2]. In terms of 
imaging findings, NCFN has a heterogeneous appear-
ance corresponding to its nodular and cystic components. 
On MRI, fat nodules appear as round hyperintense areas 
on T1-weighted imaging which are hypointense on fat-
suppressed sequences, while the surrounding cystic fluid 
is hypointense on T1-weighted imaging and hyperin-
tense on T2-weighted imaging [9, 11, 12]. The fibrous 
cyst wall is hypointense on T1-weighted imaging, and 
gadolinium enhancement of the cyst wall, but not the 
fatty nodules, is seen on T1-weighted postcontrast imag-
ing [11, 12]. Ultrasound imaging of these lesions shows 
anechoic cystic structures that contain mobile echogenic 
foci [11], although no hyperechogenicities were visual-
ized in one case report [8]. Calcifications, if present, may 
be detected on CT scan [10], or potentially, radiography. 
On radiography, our patient’s lesion was visualized as a 
soft-tissue radiopacity with no clear evidence of internal 
heterogeneity.

Based on her imaging findings, the differential diagno-
sis for our patient’s presentation included a lipoma with fat 
necrosis, a lipoma variant, an atypical lipomatous tumor, 
and a Morel-Lavallée lesion. In the evaluation and diag-
nosis of soft-tissue masses, MRI is widely regarded as the 
preferred imaging modality owing to its excellent soft-
tissue contrast [13], particularly useful in the characteriza-
tion of masses for lipid content.

Among adipocytic tumors, lipoma is the most common 
entity and appears as a lesion composed almost exclusively 
of fat [14]. There is some overlap in MRI features among 

Fig. 3   AP radiography of the right knee showing a lateral ovoid 
soft-tissue radiopacity (arrow). Neither the cystic architecture of the 
lesion nor its internal fatty nodules can be appreciated. Additionally, 
the lesion appears smaller in size compared to its appearance by MRI 
studies
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lipoma, normal subcutaneous fat, and fat necrosis, such 
as high signal intensity on T1-weighted imaging and sig-
nal loss on fat-suppressed or short tau inversion recovery 
(STIR) sequences [15–18]. It may be possible to distin-
guish fat necrosis based on morphological characteristics 
such as a spiculated or “bunch-of-grapes” appearance, 
attributed to encapsulating fibrous tissue [17, 19]. Fur-
thermore, the lack of a discrete mass has been proposed 
as a criterion for identifying fat necrosis [20], although 
histologically confirmed mass-like fat necrosis has also 
been reported [21]. In this regard, NCFN may be consid-
ered a morphological subset of fat necrosis, with key fea-
tures including a fibrous cystic wall that contains the freely 
mobile nodules suspended in fluid. Ultrasound, therefore, 
offers the advantage of showing mobility of the nodules 
in real time.

Fat necrosis occurring within a lipoma may appear as 
amorphous stranding or curvilinear heterogeneity within 
regions of lipid signal, with gadolinium rim enhancement 
that is attributed to vascularized fibrous tissue [21]. In addi-
tion, several rare lipoma variants, such as angiolipoma, 
myolipoma, chondroid lipoma, spindle cell lipoma, and 
pleomorphic lipoma, may be considered in the differential 
diagnosis of fat necrosis [16, 22, 23]. These lesions contain 
varying degrees of fatty and non-fatty tissue, such as blood 

vessels, smooth muscle cells, or chondromyxoid matrix, 
depending on the specific variant [16, 23]. It is often difficult 
to diagnose lipoma variants based solely on imaging findings 
because they may share imaging characteristics with both 
normal tissue and various malignancies [16, 23].

In contrast to a lipoma, fatty lesions with a significant vol-
ume of non-fatty components may raise suspicion for malig-
nancy [14]. Atypical lipomatous tumor (ALT), also called 
well-differentiated liposarcoma (WDLPS) when located 
in deep anatomic locations (such as the retroperitoneum, 
groin/paratestis, or deep visceral sites), is a relatively com-
mon, locally aggressive lipomatous tumor with the capacity 
to dedifferentiate into a mitotically active sarcoma [14, 23]. 
MRI findings that are associated with increased risk of malig-
nancy include sparsity of fat within a complex mass, intrinsic 
T1- and T2-signal heterogeneity, cystic or necrotic areas, ill-
defined margin, perilesional signal, intraosseous or neurovas-
cular extension, and size greater than 5 cm [24]. Additional 
features associated with ALT/WDLPS include septa measur-
ing greater than 2 mm in thickness, septal enhancement, and 
nodular or patchy non-fatty components [25], easily identified 
on non-contrast MR sequences [26]. Therefore, the heteroge-
neous appearance of fat necrosis, which may occasionally be 
mass-like and feature thick internal septa, may raise concern 
for an ALT/WDLPS or dedifferentiated liposarcoma [12, 27]. 

Fig. 4   Gross and microscopic pathology of the right lower extremity 
lesions. A Two masses surgically excised from the right thigh meas-
uring 11.2 cm and 12.4 cm have been opened, each containing innu-
merable, freely mobile yellow-tan nodules measuring 1–5 mm. B–D 

High-power (200X, (B)) microscopy of the cystic structures showing 
nodules composed of necrotic fat which, at low power (10X, (C–D)), 
are seen bound by a thick fibrous pseudocapsule cyst wall containing 
freely floating nodules of mature fat necrosis
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Ultimately, while the protean imaging findings of fat necrosis 
have significant overlap with ALT/WDLPS or other liposarco-
mas, a low index of suspicion should lead to adequate tissue 
sampling to secure the diagnosis [12].

A Morel-Lavallée lesion (MLL) is a fusiform collec-
tion of fluid between the subcutaneous fat and underly-
ing fascia caused by a shearing traumatic injury [28]. 
Similar to NCFN, MLL characteristically occurs in the 

lower extremities, with the thigh, pelvis, and knee being 
the most frequently affected regions [29]. The pathophysi-
ologic mechanism of MLL involves shear forces between 
soft-tissue layers causing the leakage of blood and lymph 
from ruptured vessels [30]. As MLL evolves, continued 
inflammation results in the formation of a fibrous pseudo-
capsule surrounding the fluid collection [30]. As with most 
soft-tissue masses, MRI is regarded as the imaging modal-
ity of choice for MLL [28, 30]. MLL can be categorized 
into six types based on lesion characteristics and imaging 
findings: type I (seroma), type II (subacute hematoma), 
type III (chronic organizing hematoma), type IV (closed 
laceration), type V (pseudonodular), and type VI (infected) 
[31]. Lesion contents may appear homogeneous or hetero-
geneous depending on type, and internal hyperintensities 
on T1-weighted imaging, suggestive of entrapped fatty 
tissue, or on T2-weighted imaging, suggestive of intral-
esional blood products, may be seen [31]. The fibrous 
pseudocapsule of MLL, if present, is hypointense on all 
MRI sequences and may show mild contrast enhancement 
[32]. However, unlike in NCFN, patchy contrast enhance-
ment of internal structures may be identified in MLL [32].

Of note, similar imaging appearances have been 
reported in lesions that may arise as a complication of 
autologous fat transfer procedures, often performed in the 
breast and buttocks [33–35]. These lesions also appear 
as heterogeneous soft-tissue masses with cystic and solid 
components, encapsulated by a contrast-enhancing cyst 
wall [33–35]. However, our patient had no prior history 
of fat transfer procedures or other surgeries in the lower 
extremity.

Simple surgical resection is the recommended approach 
for benign soft-tissue masses, while wide resection with 
or without adjuvant radiation therapy is generally indi-
cated for malignant tumors [25]. NCFN may therefore be 
managed with observation or simple excision, and there 
is no evidence to suggest any risk of malignant behavior 
[2, 5, 8, 11].

In conclusion, we report a case of a 34-year-old female 
who presented with lower extremity NCFN based on 
imaging and histopathological findings. The character-
istic imaging appearance of NCFN includes the pres-
ence of discrete nodules of lipid signal surrounded by 
fluid within a cystic structure, best characterized using 
MRI, although the dynamic nature of ultrasound offers 
the advantage of showing the mobility of the internal 
fatty nodules. A history of physical trauma, although 
implicated in the pathophysiology, is frequently absent or 
unknown. Therefore, regardless of known inciting trauma 
to the affected region, a diagnosis of NCFN should be 
considered in the workup of soft-tissue masses when 
imaging shows a heterogeneous fatty lesion.

Fig. 5   Postoperative follow-up T1-weighted MRI of the right knee 
showing complete excision of the lesion and no evidence of residual 
or recurrent disease (arrow)
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