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Abstract

Background: To analyze the characteristic features of deep fibromatosis on conventional and diffusion-weighted
MR images.

Result: The lesions were growing along the musculoaponeurotic fascia, mostly invaded the muscles, and showed
ill-defined margins, low T2 signal bands and areas, and facial tail sign. Diffusion images showed mostly high or high
mixed with low signal; only 2 lesions showed a persistent low signal. The average mean and minimum ADC values
were 1.41 ± 0.26 × 10−3 mm2/s and 0.79 ± 0.43 × 10−3 mm2/s respectively. Post-contrast and DWI detected
synchronous lesions and extensions missed on T1 and T2 images.

Conclusion: The most frequent MR features of deep fibromatosis are low T2 signal bands and areas, fascial tail sign,
ill or partially defined margins, and predominant restricted diffusion pattern in addition to areas of “T2-blackout
effect.” Post-contrast and DWI are more valuable in local staging of the tumor.
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Background
Musculoskeletal fibromatosis represents soft tissue tu-
mors with neoplastic fibroblastic and myofibroblastic
cells proliferation. Deep fibromatosis represents the
subtype of these soft tissue neoplasms arising at the
intermuscular facial planes. Deep fibromatosis encom-
passes desmoid extra-abdominal and abdominal wall
fibromatoses. Other synonyms of the extra-abdominal
type include aggressive fibromatoses and musculoapo-
neurotic fibromatoses [1, 2]
Desmoid-type fibromatoses (DF) are defined according to

the 2013 version of the WHO classification as “clonal fibro-
blastic proliferations that arise in the deep soft tissues and
are characterized by infiltrative growth and a tendency
toward local recurrence but an inability to metastasize.”

According to their biologic behavior, they are classified as
intermediate (locally aggressive) malignancy [3]
The main role of imaging is not to define a lesion to

be deep fibromatosis, as this can only be confirmed by
histopathological analysis of a biopsied lesion. The role
of imaging is mainly to describe the anatomical location,
the local extent of the lesion, and its relationship to adja-
cent structures, especially vital ones as vessels and
nerves. Such information is essential for treatment plan-
ning. The preferred imaging modality is magnetic reson-
ance imaging (MRI). Monitoring the progress of lesion
growth is another value for imaging, especially in cases
addressed to an initial watchful waiting policy [1, 4]
Diffusion-weighted (DW) MR images and their quanti-

tative counterpart, apparent diffusion coefficient (ADC
value), provide helpful information about the cellularity
of tumors while the scanning time is short and no need
for intravenous contrast administration [5–7] Different
research studies were conducted to evaluate diffusion-
weighted imaging (DWI) role in distinguishing benign
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form malignant soft tissue tumors through implement-
ing quantitative measurement of ADC values. However,
most studies presented a limited number of lesions.
In our study, we aimed at analyzing the characteristic

features of deep fibromatoses lesions, reflecting their pe-
culiar histopathological composition and heterogeneity,
on both conventional MR and DW images, with further
attention to qualitative and quantitative DW assessment.

Methods
Patients
We performed a retrograde observational lesion-based ana-
lysis for musculoskeletal deep fibromatoses lesions. The
study was performed at the authors’ institute. We reviewed
the data bases from December 2015 until January 2017 for
all patients. We selected deep fibromatoses patients to rec-
ord their medical history and pathology results. The study
included 32 patients (12 male and 20 female patients) who
had 40 pathologically proven deep fibromatoses lesions: 37
extra-abdominal and 3 abdominal wall lesions. The pa-
tients’ ages ranged from 2 to 75 years. We excluded patients
whose pathology results or data were not available or MR
imaging protocol is not complete.

MR imaging
A high-field system (1.5 Tesla) closed magnet unit
(Phillips Achieva XR) was used to scan the enrolled
patients and the optimal coil covered the examined
part for each patient. MR protocols are as follows:

Pre-contrast imaging included T1-weighted images
(T1WIs) and T2-weighted images (T2WIs).
Contrast-enhanced study was performed after bolus
injection of 0.1 mmol/kg body weight of
gadolinium—DTPA flushed with 20 ml of sterile 0.9%
saline solution at a rate of 2 ml/s using an automatic
injector. Contrast-enhanced MR imaging using T1WIs
and THRIVE (T1 high-resolution isotropic volume
excitation) techniques was performed.
Diffusion-weighted MR images were acquired in the
axial plane using a fat-suppressed single-shot spin-
echo echo planar imaging (EPI) sequence with tri-
directional diffusion gradients and four b values (0,
50, 400, and 800 s/mm2) to increase the sensitivity
to cellular packing. ADC was automatically
generated for each pixel of the diffusion-weighted
image in the form of parametric maps on the
operating console or on the workstation.

Images analysis and interpretation
All images were transferred to a workstation using
the Digital Imaging and Communications in Medicine
(DICOM) format.

Conventional MR images analyses
On conventional MRI, the morphological features of each
lesion were recorded including the following: site and origin,
size, margin, signal characteristics on T1 and T2 WIs, pat-
tern and intensity of enhancement on post-contrast images,
low T2 signal bands, facial tail sign, extra-compartmental
extension, bone invasion, and neurovascular compromise.
Regarding signal stratification on T1 and T2 images, the

signal of normal muscles is taken as reference, so a lesion’s
signal is either intermediate (iso-intense to that of normal
muscle), low (hypo-intense to that of normal muscle), or
high (hyper-intense to that of normal muscle).

DWI analysis
Qualitative analysis
The signal intensity of different lesions was analyzed and
recoded for both the DWIs (at the highest b value, i.e.,
at 800 s/mm2) and the ADC map.

Quantitative analysis
The mean and minimum ADC values were measured on
the ADC map by drawing an elliptical region of interest
(ROI), over the largest area of the lesion showing the
highest visible signal on the DWIs. ROIs were manually
placed within the boundaries of the lesion using an elec-
tronic cursor. Areas that may influence the ADCs as
necrotic and hemorrhagic areas as well as fibrosis, adja-
cent normal tissue, fat, and bone were avoided through
correlation to the T2 and post-contrast images. We cal-
culated the average values for the obtained mean and
minimum ADC values.

Comparative analysis of T1 and T2 images vs. post-
contrast and DWI images
Intra- and extra-compartmental extensions and neuro-
vascular compromise in each lesion were analyzed com-
paratively on T1 and T2 vs. post-contrast and DWIs.

Results
We studied 40 pathologically proven deep fibromatoses
lesions: 37 extra-abdominal fibromatoses and 3 abdom-
inal wall fibromatoses. The studied lesions included mul-
tiple synchronous lesions at different limbs in 7 patients.

Conventional MR features
The analyzed features are listed in Table 1. Three lesions
originated at the anterior abdominal wall; the rest extra-
abdominal is presented at different regions. Only six
lesions were seen growing along the musculoaponeurotic
fascia and did not invade the muscles while the others
showed frank muscle invasion on MR images. Most of
the extra-abdominal lesions had ill-defined or partially
defined margins. The signal intensity was variable among
the lesions and of predominantly heterogeneous pattern
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reflecting the heterogeneous histopathological nature of
deep fibromatoses lesions (Figs. 1 and 2; Table 2). Areas
of low signal intensity of variable configuration (bands or
conglomerate bulks) and variable proportions were de-
tected across T2 images in 38 lesions (Figs. 1, 2, and 3).
Fascial tail sign was best appreciable and easy to trace on
the post-contrast images. It was detected in 33 lesions
representing most of the extra-abdominal lesions (Fig. 2).
Crossing the fascial planes and infiltration into adjacent
compartments (extra-compartmental extension) was en-
countered in 24 extra-abdominal lesions. Bone invasion
was detected in 7 extra-abdominal lesions. In 3 lesions,
bone destruction involving the clavicle, ribs and vertebrae,
and greater trochanter of the femur was noted. Subtle cor-
tical erosions and bone marrow edema were noted in 4
other lesions. Neurovascular compromise in the form of
encasement of the adjacent neurovascular bundles was de-
tected in 19 extra-abdominal lesions.

Diffusion-weighted imaging features
Qualitative analysis
Visual analysis of the DWI at the highest b value (800 s/
mm2) and the ADC map revealed different signal patterns

(Table 2). A predominance of high signal intensity on the
DWIs (in 37 lesions) was noticed either mixed with low
signal areas (Fig. 1) or purely high signal (Fig. 4). Such
high signal turned into intermediate or mixed intermedi-
ate and low signal pattern on the corresponding ADC
map images, representing diffusion restriction pattern.
The previously described low T2 signal bands and con-
glomerate areas were also noted to be of low signal on
DWI. Only 2 lesions presented a homogenous low signal
on both the DWIs and the ADC map, representing dense
fibrosis (Fig. 5). This is supported by the fact that the same
lesions exhibited low signal on T1 and T2 WIs and
showed no evidence of enhancement in the post-contrast
images. One lesion presented a homogenous intermediate
signal on both DWIs and the corresponding ADC map.

Quantitative analysis
The average calculated mean ADC value is 1.41 ± 0.26 ×
10− 3 mm2/s while the average minimum ADC value is
0.79 ± 0.43 × 10− 3 mm2/s.

Comparative analysis of T1 and T2 images vs. post-
contrast and DWI images
On conventional MR images (T1 and T2 WIs), 2 synchron-
ous extra-abdominal lesions in 2 different patients were
missed (Fig. 6). Intra-compartmental extension in the form
of invasion of other muscles in the same compartment was
missed in 2 extra-abdominal lesions of different patients.
Moreover, extra-compartmental extension was also missed
in 4 extra-abdominal lesions. Correspondingly, those missed
synchronous lesions and intra- and extra-compartmental ex-
tensions exhibited moderate to marked notable enhance-
ment on post-contrast series and diffusion restriction
rendering them easily detected (Table 3).

Discussion
Deep fibromatoses are soft tissue tumors of peculiar
histopathological composition which in turns is reflected
on their imaging features. The included patients’ ages
ranged from 2 to 75 years; 5 patients (12.5%) who had
extra-abdominal fibromatoses were younger than 10
years. Literature stated that common presentation is be-
tween puberty and the age of 40 years with less than 5%
of pediatric age affection [8, 9] A female predominance
is noted in our study; the 3 abdominal wall lesions were
exclusively females at child bearing age [2, 10]
Multi-centric extra-abdominal fibromatosis was encoun-

tered in 7 (21.8%) patients, which is a slightly higher inci-
dence compared with the reported literature being 5–15%
[2, 11, 12] The majority of the lesions were extra-
abdominal type, mostly proximal in location, at the pelvic
girdle and thighs and at the shoulder girdle and upper arm.
They predominantly demonstrated ill or partially defined
margins, which is also reported in other studies [13, 14] In

Table 1 The features of DF lesions on conventional MR images

Number of lesions
(percentage)

Site and origin

Anterior abdominal wall 3

Extra-abdominal

Neck 1

Chest wall 1

Shoulder girdle and upper arm 9

Forearm and wrist 3

Pelvis and thigh 21

Popliteal fossa and calf 2

Fascia 6 (15%)

Muscle 34 (85%)

Margins

Ill defined 18 (45%)

Partially defined 14 (35%)

Well defined 8 (20%)

Size (ranged from 0.8 to 60 cm in
maximum diameter, the mean
tumor size 10.7 cm)

Signal (Table 2)

Low signal bands 38 (95%)

Fascial tail sign 33 (82.5%)

Extra-compartmental extension 24 (60%)

Bone invasion 7 (17.5%)

Neurovascular compromise 19 (47.5%)
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Fig. 1 Right thigh fibromatosis presenting in a 9-year-old male; a axial T2, b axial T1, c axial post-contrast THRIVE, d DWI, and e ADC images
showing characteristic signal pattern. The central part of the lesion (arrow in a, b, c, d, and e) showed high T2 signal, low T1 signal, and marked
contrast enhancement representing the more cellular part of the lesion and also exhibited high signal on the DWI, intermediate signal on the
ADC images denoting restricted diffusion. Note the periphery of the lesion showed persistent low signal area along the T2, DWI, and ADC images
and no contrast uptake on the post-contrast THRIVE, representing the predominance of collagen in this area

Fig. 2 Left arm fibromatosis presenting in a 39-year- old female; a axial T2, b axial T1, c axial post-contrast THRIVE showed the mass invading both the
flexor and extensor compartments of the mid arm with low T2 signal bands (short arrows in a) and fascial tail sign (long arrow in a, b, and c)

Zeitoun et al. Egyptian Journal of Radiology and Nuclear Medicine            (2020) 51:8 Page 4 of 10



Table 2 Signal characteristics of DF lesions on different conventional and diffusion-weighted images

No. of
lesions

T1WI signal No. of
lesions

T2WI signal No. of
lesions

Contrast
enhancement

No. of
lesions

DW signal ADC signal

2 Low 2 Low 2 No enhancement 2 Low Low

15 Low to
intermediate

18 Low to
intermediate

1 Mild 1 Intermediate Intermediate

23 Intermediate 17 Intermediate 18 Moderate 37 High or mixed high
and low

Intermediate or
intermediate and low

3 Intermediate
to high

19 Marked

Fig. 3 Right thigh fibromatosis in a 9-year-old male; sagittal T1 post-contrast images a pre-therapy and b post-therapy showed progressive
growth of the low signal fibrous areas within the lesion and reduction of the cellular enhancing areas denoting favorable response to therapy in
this case

Zeitoun et al. Egyptian Journal of Radiology and Nuclear Medicine            (2020) 51:8 Page 5 of 10



their study, Quinn et al. concluded that even well-
demarcated margins, which was found in half of their
studied lesions, are misleading as, microscopically, all
of the lesions invaded adjacent structures [14]
On T1-weighted images, the majority of lesions exhib-

ited low and/or intermediate signal intensity, while on
T2-weighted images, lesions were mainly of intermediate
or mixed intermediate and low signal intensity. Most of
the examined lesions showed heterogeneous moderate
to marked contrast uptake. This was comparable with
signal properties stated in literature [1, 9, 13, 15]
Two lesions in our study exhibited predominantly low
signal across all of the examined sequences with no
evidence of enhancement; this can be attributed to
the predominance of collagen and low cellularity.

Areas of persistent low signal intensity across different
sequences, pre- and post-contrast images, were seen in
95% of lesions, varying in shapes (bands, conglomerate
bulks) and sizes. Such MR finding has always been
described in literature as a valuable diagnostic feature
representing acellular collagen [1, 2, 15] It was not dem-
onstrated in 2 extra-abdominal lesions in our study,
reflecting predominance of cellularity and aggressive na-
ture in these lesions. It is worth to mention that these 2
lesions also exhibited restricted diffusion pattern (purely
high signal on DWI and intermediate signal on ADC
map) as well as moderate and marked enhancement,
confirming their aggressive nature along other MR fea-
tures. Other valuable implementation of such low signal
intensity areas is monitoring therapeutic response. A

Fig. 4 Anterior abdominal wall fibromatosis presenting in a 41-year-old female a axial T2WI showing a well-defined right rectus abdominis intra-
muscular lesion of hyper-intense signal relative to the normal muscles; b axial DWI and c the corresponding ADC images show that the lesion
exhibits high signal on the DWI that turned to intermediate signal on the ADC map. Upon placing a ROI that covered the maximum diameter of
the lesion, the mean and minimum ADC values were 1.4 × 10−3 and 1.1 × 10−3 mm2/s respectively. Sagittal T2 (d) and T1 (e) images; arrow
pointing to the same lesion
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positive response is reached by progressive tumor col-
lagenization; a feature reflected by decreased T2 signal
and enhancement among the lesion regardless of it size
changes [1, 2]
Fascial tail sign was demonstrated in 82.5% of the

studied lesions, exclusively extra-abdominal lesions. This
is a comparable percentage with that stated in literature
[1, 10] It was best traced in the post-contrast images.
The literature highlighted its importance, not just as
distinguishing feature of deep fibromatosis but more im-
portantly as a guide for excision with free surgical mar-
gins [16, 17]
Qualitative analysis of the DWIs and the ADC map

showed the predominance (92.5% of lesions) of high signal
intensity on the DWIs, whether purely or mixed with low
signal areas. On the corresponding ADC map, this was
reflected as intermediate or mixed intermediate and low
signal intensity, reflecting diffusion restriction. The areas
of persistently low signal intensity on both the DWIs and
the ADC map corresponded to the previously described
low signal bands and areas. Literature described such

pattern as indicative of fibromuscular tissue and mature
fibrous tissue [18] Other studies described low signal on
DWI and ADC as “T2-blackout effect” attributed by fac-
tors which produce T2 shortening [19] These low signal
areas showed very low mean and minimum ADC values.
This can be explained by the fact that fibrous tissue works
as an obstacle to water molecules diffusibility. While pla-
cing the ROIs, we considered encompassing the largest
tumor area possible without including these low signal
areas.
In our study, the lesions showed average mean and

minimum ADC values of 1.41 ± 0.26 × 10− 3 mm2/s and
0.79 ± 0.43 × 10− 3 mm2/s respectively. The measured
mean ADC values for deep fibromatosis lesions in other
studies ranged from 1.2 to 1.9 × 10− 3 mm2/s [5, 20, 21]
The average mean ADC value in our study is closer to
that measured by Oka et al. and Pekcevik Y et al. The
average minimum ADC value is far less than minimum
ADC value mentioned by Oka et al.; in their series, however,
the authors mentioned as a part of their study limitations
that they did not examine the agreement of minimum ADC

Fig. 5 Popliteal fibromatosis presenting in a 40-year-old male; a axial T1, b axial T2, c axial DWI, d axial post-contrast THRIVE images: the lesion
(arrows) showing hypo-intense signal intensity on T1, T2 images, and DWI and virtually no contrast uptake on post-contrast image
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with corresponding lesions’ cellularity beside that they in-
cluded only 8 fibromatoses lesions.
We comparatively reviewed the pre-contrast T1 and T2

WIs with the post-contrast images. The post-contrast images
are of superior value in accurately assessing the local disease
extent. Post-contrast images identified 2 synchronous lesions
and accurately delineated extra-compartmental extension in

other 4 lesions. Synchronous lesions, intra-compartmental,
and extra-compartmental extensions were missed due to
intermediate signal on T1 and T2WIs, rendering them indis-
tinguishable from adjacent or invaded muscles. All missed le-
sions were readily detected on post-contrast images by virtue
of their eminent enhancement, thereby influencing the man-
agement plan. They also showed a corresponding diffusion

Fig. 6 Left thigh fibromatosis in a 20-year-old male presented as a synchronous lesion in the same patient who had DF lesion at the contralateral
limb; a axial T1, b axial T2 images missed a synchronous lesion in this patient. Axial (c) post-contrast images revealed enhancing synchronous
lesion (arrow) at the anterior compartment of the left thigh. Axial DWI (d) and ADC (e) revealed diffusion restriction in the same lesion (arrow)

Table 3 Comparative analysis of T1 and T2 images vs. post-contrast and diffusion images

Number of missed lesions Conventional T1 images Conventional T2 images Post-contrast images DWI

Synchronous lesions 2 2 0 0

Intra-compartmental extension 2 2 0 0

Extra-compartmental extension 4 4 0 0
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restriction pattern, denoting aggressive nature. The
latter has a potential implication in patients suffering
renal impairment. In these patients, adding a diffusion
sequence to MR study will provide necessary informa-
tion for management plan meanwhile avoiding harm-
ful effects of contrast administration.
There were some limitations in our study. First, we

could not correlate the radiologic findings to micro-
scopic histopathologic appearance as all the included le-
sions were pathologically proven using needle biopsy.
The lack of standardized protocols for placement of ROI
to measure ADC value is also a limitation here; however,
we unified the methods used in all the included lesions.

Conclusion
The most frequent conventional MR features in deep fibro-
matoses lesions are low T2 signal bands and areas, fascial
tail sign, ill, or partially defined margins, in addition to
their characteristic sites of origin. DWI analysis revealed
predominant diffusion-restricted pattern in addition to
areas of “T2-blackout effect.” Post-contrast and DWI de-
tect synchronous lesions and better evaluate intra- and
extra-compartmental extensions; features can be missed
on T1 and T2 images.
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