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INTRODUCTION

Ovarian cystadenofibromas are uncommon ovarian tumors 
that contain dense fibrous stroma, in combination with 
epithelial cystic components. These tumors are classified 
according to epithelial cell types: serous, endometrioid, 
mucinous, clear-cell, and mixed; the serous type is the 
most common type (75%) [1,2]. The degree of epithelial 
proliferation is used for the classification of benign, 
borderline, and malignant tumors, although malignant 
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cystadenofibroma is extremely rare [3,4]. In most cases, 
this tumor involves a single ovary and rarely affects both 
ovaries. 

Most cystadenofibromas show no signs or symptoms and 
are discovered incidentally during routine gynecological 
ultrasound performed for other reasons. When present, 
symptoms include lower abdominal pain or discomfort, 
vaginal bleeding, and a palpable mass in the abdomen [1,4-6]. 
The appearance of cystadenofibromas in imaging may often 
be misleading, as their typical appearance is a multilocular 
cystic mass with a solid nodular component [3,7,8]. 

With the use of preoperative imaging modalities, 
including ultrasonography (US), computed tomography 
(CT), and magnetic resonance (MR) imaging, these 
tumors may be diagnosed as malignant lesions due 
to their solid components or thick septa. The tumor 
may also have the typical appearance of an ovarian 
malignancy, even at the time of surgery. However, some 
imaging features can aid in differentiating benign 
tumors from others, potentially providing accurate 
preoperative diagnosis, and could help in avoiding 
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unnecessary extensive surgical interventions. 
In our recent experience at a referral center for ovarian 

cancer, we analyzed 46 ovarian masses, which were 
inconclusive upon US using the “International Ovarian 
Tumor Analysis (IOTA) simple rules” classification [9]; of 
these, 16 were cystadenofibromas and, among them, 5 
were misdiagnosed as borderline tumors. This demonstrates 

the importance of radiologists in identifying this rare 
ovarian tumor with certainty and knowing its peculiar 
characteristics to correctly suggest the best treatment for 
patients. In this article, we review the features of ovarian 
cystadenofibromas in MR imaging in order to suggest pearls 
and pitfalls for their correct diagnosis and to provide a wide 
collection of images. 

Table 1. Pelvis MRI Protocol to Characterize Adnexal Masses and Scanning Parameters

Parameter
1.5T

Sagittal 
T2WI

Axial
T2WI HR

Axial GRE 3DT1WI 
(Dixon)

Axial
DWI

Axial
DCE (PWI) T1WI

Axial GRE 3DT1WI
(Dixon)

TR, ms 5891 11000 7.6 14879 3.1 7.6
TE, ms 80.5 74.1 Minimum Minimum Minimum Minimum
Echo train length 24 23 23 - - 23
Flip angle, ° 160 160 15 - 20 15
FOV, cm 24 30 30 30 30 30
Matrix size 288 x 288 352 x 224 320 x 224 128 x 128 256 x 224 320 x 224
Slice thickness, mm 4 5 6 5 3 6
Slice interval, mm 0.4 1.0 - 1.0 - -
b-value, s/mm2 - - - 1000 - -
Acquisition time, s 2:51 4:57 0:27 5:21 5:02 0:27

DCE = dynamic contrast enhanced, DWI = diffusion-weighted imaging, FOV = field of View, GRE = gradient echo sequense, HR = high 
resolution, PWI = perfusion weighted imaging, TE = echo time, TR = repetition time, T1WI = T1-weighted image, T2WI = T2-weighted 
image, 3D = three-dimensional

Fig. 1. A 77-year-old female with right, pathologically proven, mucinous ovarian cystadenofibroma (type I: multilocular solid 
lesion). 
A, B. Axial (A) and sagittal (B) T2-weighted MR images depict a multilocular lesion with variable signal intensities among the loculi (thick white 
arrows: higher serous signal intensity; black arrows: lower signal intensity owing to the high protein content and viscosity) and a solid fibrous 
area (thin white arrows) between the smoothly thickened septa. Note that the solid component shows a very low-T2 signal intensity, similar to 
skeletal muscle. BL = bladder
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Imaging Evaluation

US is the first imaging modality used to investigate 
ovarian masses and can correctly diagnose 80%–85% of 
cases [10-12]. Diagnostic tools, such as the “IOTA simple 
rules”, have been designed to discriminate between benign 
and malignant ovarian masses.

In US, ovarian cystadenofibromas commonly appear as 
unilocular solid cysts with one or more papillary projections, 
followed by a multilocular solid mass with a small solid 
component pattern. Most cystadenofibromas have solid 
components; papillary projections were described in half of 
them, mostly without significant color Doppler signals [13].

However, 15%–20% of all ovarian masses remain 
unspecified after US. In such cases, MRI is the modality of 
choice to further investigate the nature of the mass [3,4,7]. 
CT of the thorax and abdomen is usually limited to staging 
of the disease in cases of suspected malignant masses 
[14]. Table 1 shows the MRI protocol used to investigate 
indeterminate ovarian masses in our center.

MR Imaging Characteristics

Since cystadenofibromas are benign, adnexal neoplasms 
composed of fibrous tissue, they demonstrate a very low-
signal-intensity appearance in T2-weighted MR images, 
which results from the T2-shortening effects of collagen. 
Typically, multiple cystic locules filled with fluid show 
homogeneous, high signal intensity in T2-weighted images; 
the appearance of the individual locules may also vary 
due to differences in the degree of hemorrhage or protein 
content (e.g., mucinous differentiation) (Fig. 1). In T1-
weighted images, the masses show low to intermediate 
signal intensities, equal to or slightly below that of the 
myometrium. In diffusion-weighted imaging (DWI), the 
fibrous tissue does not show any restriction and is typically 
hypointense on high-b-value imaging (Fig. 2) [15]. 

After administration of gadolinium, the solid parts 
showed mild enhancement. Using a semi-quantitative 
analysis, the curve initially shows an enhancement lower 
than that of the myometrium, followed by a slow and 
progressive increase in the later phases [16] (type I curve, 
following the O-RADS classification [17]) (Fig. 3). The 
imaging appearance of cystadenofibromas varies depending 
on whether cystic or fibrous components predominate. 
Three broad morphological patterns have been identified on 
MR imaging [3,7,15,16,18].

Type I, Multilocular Solid Lesion: Multilocular Complex 
Cystic Mass with Solid Nodular Component 
(“Black Sponge”-Like Appearance)

Type I lesions are the most frequent MRI appearance, 
consisting of a multiseptated, predominantly cystic mass 
with variable amounts of solid nodular components. They 
are seen as well-defined, nodular, solid areas protruding 
into the cystic locules of the tumors. They typically 
demonstrate a very low signal intensity, similar to that 
of the skeletal muscle in T2-weighted imaging. The solid 
component within the mass reflects dense fibrous stromal 
proliferation and contains multiple, small, inner cystic, 
glandular structures that are either round or ovoid. They 
typically show mild enhancement after administration of 

Fig. 2. A 47-year-old female with bilateral ovarian serous 
cystadenofibroma (type I: multilocular solid lesion). 
A. The T2-weighted, spin-echo image in the axial plane shows a 
predominantly cystic mass of the left ovary with fibrotic low-signal 
intensity, irregular thickness of the wall (thin arrow), a mural nodule 
(arrowhead), and a smaller multilocular mass arising from the right 
ovary; note that the solid component and thick septa (thick arrow) 
in the right mass have a lower signal intensity on the T2-weighted 
image than the ovarian stroma. B. The high b-value (b =1000), 
diffusion-weighted image demonstrates a hypointensity of the stromal 
components described above (thin and thick arrows, arrowhead). C. 
Axial, post-contrast, T1- weighted image showing slight enhancement 
of the irregular thickness of the wall (thin arrow), mural nodule 
(arrowhead), and septa (thick arrow).
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intravenous, gadolinium-based contrast media. 
The margins of the solid component of ovarian 

cystadenofibroma are smooth and have a well-defined outline, 
in contrast to ovarian malignancy. The MR appearance of 
the cystic components is non-specific and usually consists 
of numerous cystic loculations. This is in contrast to most 
benign serous cystadenomas, which are usually unilocular 
or bilocular. The cystic component usually has a smooth 
contour, thin regular septa, and no endocystic papillary 
projections (Fig. 4). This black, sponge-like appearance 
[18,19] corresponds to tiny, scattered, fluid-filled cavities 
with a higher signal intensity within the dark-signal-intensity 

solid component in T2-weighted images. This appearance has 
to be considered a characteristic of cystadenofibroma, but 
these findings may not be evident in all cases.

Type II, Bilocular or Unilocular Cystic Mass with 
Plaque-Like Thickenings (“Carpet Like” Pattern)

Type II lesions are predominantly cystic, with diffusely or 
partially thickened walls with dark signal intensity in T2-
weighted sequences. The lesion exhibited varying degrees of 
wall thickness (possibly > 3 mm) associated with a plaque-
like appearance, or focal pseudo-nodular thickening, that 
is enhanced following the administration of intravenous, 

Fig. 3. A 58-year-old female with pathologically proven benign serous cystadenofibroma of the ovary (type I: multilocular solid 
lesion). 
A. The T2-weighted, axial image shows a multilocular cystic mass with solid components in the left ovary. The solid component (arrows) 
demonstrates low-T2 signal intensity (similar to skeletal muscle). The serous cystic portions of the tumor show homogeneous high signal 
intensity on the T2-weighted images. B. The contrast-enhanced, T1-weighted, axial image with fat-suppression shows mild enhancement in the 
solid components within the mass (arrows). C, D. Color map shows areas of maximum enhancement. An region-of-interest is placed within the 
enhancing solid nodule on the left. In the perfusion study, this nodular area (curve number 2) presents a low and only slightly increasing post-
contrast enhancement (type I curve); curve number 3 represents the enhancement of the myometrium.
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gadolinium-based contrast medium. This dark-signal-
intensity thickening represents a dense fibrous component 
within the wall (Fig. 5).

Type III, Purely Cystic Mass Resembling Serous Tumours
The type III pattern is very similar to that of serous 

ovarian cystadenoma on MRI. Small foci of fibrous 
stomas were detected, and the lesion manifested as 
a unilocular or multilocular mass with entirely cystic 
components and absent solid tissue structures (Figs. 6, 7). 

Cystadenofibromas differ from serous cystadenomas, as the 
connective tissue component in cystadenomas is a minor 
and merely supportive element, while cysts are a major 
feature. 

In our experience, type I was the most common pattern, 
followed by types II and III. Of the histologically proven 16 
cystadenofibromas undiagnosed at US analysed in 2020, 10 
were type I, four were type II, and two were type III. A co-
existing uterine, tubal, and contralateral ovarian pathology 
is often observed, which usually has no significance in the 

Fig. 4. A 51-year-old female with left ovarian cystadenofibroma (type I: multilocular solid lesion). 
A. The T2-weighted, axial image shows a complex mass with a lobular contour, multiple cysts, and fibrotic solid components. Because of their 
collagen content, both nodular solid areas and thick septa (arrowheads) demonstrate a very low-T2 signal intensity. B. T2-weighted, coronal 
images of the same mass; note the presence of multiple, tiny, cystic changes within the solid portion (arrows). C. The diffusion-weighted 
image (b = 1000) demonstrates hypointensity of the stromal components (arrowheads) with no diffusion-restricted areas. D. Axial, gadolinium-
enhanced, T1-weighted, fat-saturated, MR image shows enhancement with mild signal intensity of the solid components and thick septa 
(arrowheads).
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Fig. 5. Two examples of serous cystadenofibroma of two different patients [42-year-old (A, B) and 36-year-old female (C, D)]; 
type II: unilocular cystic mass with plaque-like thickenings. 
A, B. Sagittal (A) and axial (B), T2-weighted images show a large cystic mass with diffusely thickened, low-intensity walls (arrowheads) with 
associated focal pseudo-nodular thickening arising from the anterosuperior surface of the mass (arrows). Dark-signal-intensity thickening 
represents a dense fibrous component within the wall. C, D. Sagittal, T2-weighted image another example of a unilocular serous cystadenofibroma 
(C) surrounded by a partly thickened wall of dark signal intensity (arrowhead) in the left ovary. In another slice of the same lesion (D), a 
hypointense sessile tissue arising from the posterior wall of the mass is visible (arrow). BL = bladder
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development of ovarian cystadenofibromas. There is no 
evidence of endocrine activity in ovarian cystadenofibroma; 
therefore, imaging studies should not show any association 
with uterine enlargement, endometrial thickening, or polyps 
[4,20]. Lymphatic involvement or ascites has never been 
reported [7].

Differential Diagnosis

Classically, cystadenofibromas are differentially 
diagnosed with other ovarian masses that have similar 
low-T2 signals, mainly due to the fibrous component 
[19,21]. Additionally, T2-hypointense ovarian lesions are 
fibromas [3,14,22], Brenner tumors [23], struma ovarii 

[24], metastatic ovarian tumors with a highly fibrous 
component, particularly those from the gastrointestinal 
tract [25], and endometriomas. 

Fibromas are ovarian masses composed of fibrous tissue; 
they usually have no cystic component, even if cystic 
degeneration is possible; when cystic degeneration is 
present, it tends to be central and has a more irregular 
interface with solid tissue than in cystadenofibromas. 
Moreover, the tissue near the cystic components is usually 
more hyperintense than muscle on T2-weighted images 
[26]. Brenner tumors are usually predominantly solid 
and may have coarse calcifications, which are rare in 
cystadenofibromas. Struma ovarii may be a multiocular 
solid mass with T2-hypointense components. If it coexists 
with a mature teratoma, the presence of a fat component 
excludes the diagnosis of cystadenofibroma. If a fat 
component is not present, the cystic components usually 
have different signal intensities; the more important 
considerations for differential diagnosis are those 
containing colloid, which may either be hypointense in 
both T1- and T2-weighted images or hyperintense in fat-
suppressed, T1-weighted images [24], with no internal 
enhancement (Fig. 8). Endometriomas are usually easily 
differentiated because of their characteristic blood 
components, which are not present in cystadenofibroma. 
Metastatic ovarian tumors with fibrous components are 
usually larger than cystadenofibromas. They also have 
solid components that are strongly enhanced and slightly 
hyperintense in T2-weighted images. 

In our experience, challenges arise in the differential 
diagnoses of epithelial neoplasms, especially with serous 
borderline tumors, particularly for unilocular or bilocular 
cysts with irregular walls. The classically described features 
for the prediction of ovarian malignancy are as follows: 
a lesion size of > 4 cm, thickness of the walls and septa 
exceeding 3 mm, internal structure including papillary 
projections, nodularity, variable degrees of the solid 
components, necrosis, hemorrhage, and a heterogeneous 
and early enhancement pattern. Thus, according to these 
criteria, the imaging findings of cystadenofibroma may be 
misinterpreted as a malignant mass [19]. 

Most cystadenofibromas have some US-associated 
characteristics [13] that may support a correct diagnosis, 
but many of them have features that mimic borderline 
tumors, necessitating MR imaging as second-level imaging. 
In 2020, 70% of cystadenofibromas examined with MR 
imaging were multilocular; in US, unilocular patterns 

Fig. 6. A 23-year-old female patient with a multilocular 
cystadenofibroma of the left ovary (type III: purely cystic 
mass). 
A. T2-weighted, axial, MR image demonstrates a large multilocular mass 
with entirely cystic elements and the absence of a gross solid tissue 
structure, mimicking a serous cystadenoma. Note the homogeneous 
MR signal intensity of the different locules, thick regular septa, and 
no endocystic or exocystic vegetation. There is evidence of dark-
signal intensity tissues which lie within the wall and septa (arrows); a 
finding that is specific for a stomal tissue. B. Diffusion-weighted image 
(b = 1000) demonstrates hypo-intensity of the connective component 
(arrows). C. Axial, gadolinium-enhanced, T1-weighted, fat-saturated, 
MR image shows relative enhancement with mild signal intensity of 
the wall and septa (arrows). SC = sigmoid colon, U = uterus
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showed solid components. Additionally, multiple papillary 
projections were observed in 80% of US cases. The main 
confounding characteristics include the presence of a mildly 
enhanced, solid component, a thick, irregular septa, or a 
walled, cystic mass.

However, two important findings suggestive of a correct 
diagnosis should be identified:

1) The “dark-dark appearance” of the solid component: 
as mentioned, the main characteristic of cystadenofibromas 
is a dense fibrous tissue contained in the solid component 
of the tumor. This tissue is hypointense on T2-weighted 

imaging because of collagen (the first “dark”). The fibrous 
tissue does not show restriction in DWI; therefore, it is 
visualized as hypointense in both low and high b-value 
images (the “second dark”). This may correspond to the 
hypointensity of the fibrous tissue in the apparent diffusion 
coefficient maps. Papillary projections and mural nodules 
of borderline ovarian tumors are usually less hypointense 
than fibrous tissues (when not slightly hyperintense). 
Furthermore, even if they are hypointense on T2-weighted 
imaging, they show mild to strong restriction on DWI (Fig. 7).

2) Type I curve of enhancement: fibrous tissue, like 

Fig. 7. A 56-year-old female with pathologically proven cystoadenofibroma of the left ovary with lower abdominal pain (type II: 
unilocular cystic mass with plaque-like thickenings). 
A. An axial, T2-weighted, spin-echo image shows a well-defined, homogeneous, cystic mass with partially thickened, dark-signal-intensity 
walls (thin arrow) and a solitary papillary projection (thick arrow) with low signal intensity. B. The lesion shows low signal intensity (thin and 
thick arrows) on diffusion-weighted imaging with a b-factor of 1000 (no restriction). C. Fat-suppressed, T1-weighted, gradient-echo, MR image 
obtained after the administration of gadopentetate dimeglumine demonstrates enhancement of the papillary projection (thick arrow) and of the 
thickened wall (thin arrow). D. MR perfusion showed a slow rising enhancement type I curve of the papillary projection (curve labelled as 2; the 
curve labelled as 3 is the one of the myometrium). The final histopathological diagnosis was left ovarian serous cystadenofibroma.
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in other parts of the body, has poor vascularization. As 
such, enhancement is typically mild and progressive. Our 
MR imaging protocol for indeterminate ovarian masses 
includes a perfusion study during contrast injection; all 

cystadenofibromas show a type I curve. Borderline and 
malignant lesions usually show type II or III curves, 
characterized by a steep increase in intensity in the first 
part of the curve, followed by a slight decrease in later 

Fig. 8. A 29-year-old female with a struma ovarii of the left ovary. 
A. Sagittal, T2-weighted image shows a multilocular mass with varying intensities of the cystic components. In particular, a hypointense 
component (arrow) is visible in the upper part of the lesion. B, C. Axial, T2-weighted image (B) of the same T2-hypointense component 
(arrows) of the lesion, which is hyperintense in T1-weighted image with fat saturation (C). D. In the fused T2-weighted and perfusion image, no 
enhancement is visible. This component (arrow) is consistent with colloid.
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phases (Figs. 9, 10).

CONCLUSION

Ovarian cystadenofibromas may have different 
presentation patterns, some of which may be misleading 
because of their similarities with borderline and malignant 
lesions, particularly multilocular solids. Knowing the main 
presentation patterns described in this article is important 

for radiologists to reach a correct diagnosis. The two most 
important MR features, which help to correctly diagnose 
cystadenofibroma, are the “dark-dark” appearance of solid 
tissue and the slow, continuous increase of the enhancing 
curve measured during perfusion (type I curve).
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Fig. 9. A 52-year-old female with serous cystadenofibroma of the right ovary (type I: unilocular solid lesion). 
A. Sagittal, T2-weighted, fast spin-echo image shows a well-defined, unilocular, solid mass with partially thickened, dark-signal-intensity walls 
and a hypointense mural nodule arising from posterior surface (arrow). B. Axial diffusion-weighted imaging (b = 1000) of the same lesion in 
(A): the mural nodule (arrow) shows low signal (no restriction). C, D. Fat-suppressed, T1-weighted, gradient-echo, MR image obtained after the 
administration of gadopentetate dimeglumine demonstrates enhancement of the mural nodule (arrow) (C); an region-of-interest located in the 
mural nodule shows its slightly increasing enhancement (type I curve; curve number 2 in the figure) during the perfusion study (curve number 3 
is that of myometrium) (D).
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