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Abstract: This retrospective study aimed to differentiate cyst-like musculoskeletal soft-tissue masses
by using time-resolved magnetic resonance angiography (MRA). During May 2015 to November 2019,
patients with cyst-like soft-tissue masses examined through contrast-enhanced MRI followed by
histologic diagnosis were included. The masses were classified into vascular lesions, solid lesions, and
true cysts. Size, T1 hyperintensity, T2 composition, perilesional edema, time-resolved MRA, and static
internal enhancement were assessed. The time-resolved MRA manifestations were classified into
vascular pooling, solid stain, and occult lesion. Imaging predictors for each type of mass were
identified through logistic regression and were used to develop a diagnostic flowchart. A total of
80 patients (47 men; median age, 42 years) were included, with 22 vascular lesions, 38 solid lesions,
and 20 true cysts. The T2 composition, time-resolved MRA, and static internal enhancement were
significantly different among the masses. Vascular pooling on time-resolved MRA was the sole
predictor of vascular lesions (odds ratio = 722.0, p < 0.001). Solid stain on time-resolved MRA was
the sole predictor of solid lesions (odds ratio = 73.6, p < 0.001). Occult lesion on time-resolved MRA
(odds ratio = 7.4, p = 0.001) and absence of static internal enhancement (odds ratio = 80.0, p < 0.001)
both predicted true cysts, while the latter was the sole predictor of true cysts after multivariate
analysis. A diagnostic flowchart based on time-resolved MRA correctly classified 89% of the masses.
In conclusion, time-resolved MRA accurately differentiates cyst-like soft-tissue masses and provides
guidance for management.
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1. Introduction

A cyst-like soft-tissue mass is defined as a lesion having bright signal intensity, equal to that of
fluid, on T2-weighted or fluid-sensitive MRI sequences [1,2]. These lesions include true cysts and
cyst-like masses (vascular lesions or solid lesions), and they could substantially overlap in images [1,3,4].
True cysts, such as ganglions or synovial cysts, may have a complex appearance and mimic solid lesions
due to hemorrhage or infection [1]. Vascular lesions, such as hemangiomas or vascular malformations,
may be heterogeneously bright on T2-weighted images because of mixed slow and rapid blood flow
within lesions [5–7]. Solid lesions may appear cystic due to central necrosis, intratumoral edema,
or fluid-containing stroma [1,8]. Thus, the definite diagnosis of a cyst-like soft-tissue mass based on
imaging alone can be challenging, and a histopathology analysis is often warranted to confirm the
diagnosis. However, a percutaneous biopsy of hemangioma or vascular malformation may lead to
uncontrollable hemorrhage. Moreover, a biopsy of vascular lesions usually yields many blood products
with insufficient tissue, making it difficult to obtain a histologic diagnosis [6]. Notably, the clinical
management of cyst-like soft-tissue masses can be substantially different. Vascular lesions can be
treated with microinvasive embolotherapy or sclerotherapy. True cysts can be conservatively treated,
whereas solid lesions, especially malignancy, should be accurately recognized for early treatment.
Thus, developing a practical imaging approach is crucial for clinical management.

Gray-scale ultrasonography is commonly used for initial assessment of musculoskeletal
soft-tissue masses, and Doppler ultrasonography provides vascular information of the lesion [9].
However, ultrasonography is operator dependent and has limited field of view and imaging depth.
Because vascular lesions can mimic other soft-tissue masses, catheter-directed digital subtracted
angiography (DSA) may be required for a definite diagnosis [10–12]. DSA provides dynamic
vascular imaging with a high temporal and spatial resolution; however, it is an invasive and
relatively time-consuming procedure. In recent years, noninvasive time-resolved magnetic resonance
angiography (MRA) is commonly used as an alternative imaging modality to DSA. Time-resolved MRA
is a series of images obtained at multiple time points to display the dynamic flow of contrast medium
through the blood vessels. It allows rapid acquisition of three-dimensional images which provide
detailed vascular hemodynamic and anatomic information [13–15]. Investigators have demonstrated
a high correlation between time-resolved MRA and DSA in assessing peripheral arterial occlusive
disease [16]. Furthermore, time-resolved MRA has shown promising results in delineating the
vascular architecture and flow pattern for musculoskeletal tumors and vascular malformations [17–19].
However, the ability of time-resolved MRA to differentiate cyst-like soft-tissue masses has not been
fully explored in the literature.

The aim of this study is to explore the diagnostic potential of time-resolved MRA and to develop
a practical approach to differentiate cyst-like soft-tissue masses.

2. Materials and Methods

2.1. Study Design

The institutional review board approved the protocol of this retrospective study (IRB number:
201901520B0; 16 October 2019), and a waiver of consent was obtained. On the basis of
histologic diagnosis, cyst-like soft-tissue masses were classified into a vascular lesion, solid lesion
(including benign and malignant solid lesion), and true cyst. Imaging features were analyzed to identify
imaging predictors for differentiating these masses and to design a stepwise diagnostic flowchart for
cyst-like soft-tissue masses. Interobserver agreements were assessed.

2.2. Patients

Between May 2015 and November 2019, a total of 450 consecutive patients underwent
contrast-enhanced MRI for symptomatic musculoskeletal masses. In this study, we included the masses
that (a) presented cystic appearance on T2-weighted images [2]; (b) had cystic component representing
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more than two-third of the entire lesion; and (c) located mainly in subcutaneous or muscle tissues.
We excluded masses that were not histologically diagnosed. Of the scanned patients, 145 patients met
the inclusion criteria of this study; however, 65 patients were excluded as they lacked a histologic
diagnosis. Finally, 80 patients were included in this study.

2.3. MRI Protocol

All MRI examinations were performed on 3-Tesla MRI scanner (Magnetom Skyra;
Siemens Healthcare Sector, Erlangen, Germany). The institutional MRI protocol for evaluating
the musculoskeletal tumor consisted of T2-weighted fast spine echo without and with fat
suppression (repetition time/echo time, 3220–7500/44–86 ms), precontrast T1-weighted fast spine echo
(437–776/7.8–20 ms), time-resolved MRA with interleaved stochastic trajectories (TWIST), and static
postcontrast T1-weighted fast spine echo (490–855/8.2–17 ms). A time-resolved MRA sequence was
acquired using the following parameters: 2.4–3.6/1.0–1.42 ms; flip angle, 20◦; rectangular field of view,
349 by 399 mm2; matrix, 384 by 302; and acceleration factor, 3. In total, 0.2 mmol/kg bolus of contrast
medium (Magnevist [gadopentetate dimeglumine], Bayer Healthcare, Wayne, NJ, USA) was injected at
a rate of 2 mL/s, followed by a 15 mL saline flush by using an automated power injector. The scanning
was initiated manually 10 s after contrast medium injection. For each time-resolved MRA sequence,
33 dynamic-phase scanning images with a temporal resolution of 2.93 s were obtained for covering
arterial and venous phases. The scanning time was 12.4 s for the reference image and the last phase
and 2.93 s for each dynamic phase, resulting in a total scanning time of 118 s. The readers routinely
evaluated time-resolved MRA based on the maximum intensity projections images in three orthogonal
planes; the three-dimensional source images at each time point were only used for trouble shooting.

2.4. Imaging Features

The following imaging features were analyzed: (a) size, average of the diameter in three planes;
(b) T1 hyperintensity, defined as signal intensity higher than that of the muscle on T1-weighted images,
which may correspond to fat, methemoglobin, proteinaceous material, or melanin [2]; (c) T2 composition,
graded as homogeneous or heterogeneous on T2-weighted images; (d) perilesional edema, defined
as a region of high signal intensity surrounding the lesion on fat-suppressed T2-weighted images;
and (e) time-resolved MRA manifestations, subjectively classified into three different patterns—vascular
pooling, solid stain, and occult lesion. Vascular pooling was defined as dilated vascular channels or
cavities that have persistent contrast medium puddling even in the late dynamic phase (Figure 1),
solid stain was defined as tumor-like contrast medium blush (Figure 2), and occult lesion was assigned
if the lesion was not discernible on time-resolved MRA (Figure 3); (f) internal enhancement on
static-enhanced MRI, subjectively stratified into three degrees—marked, mild–moderate, and absent.
The enhancement equal to that of the slow-flow blood vessels was defined as marked enhancement,
and the enhancement between marked and absent enhancement was considered as mild–moderate
enhancement. Two radiologists (Y.-C. Lai and Y.-C. Lin, with 5 and 15 years of musculoskeletal imaging
experience, respectively) independently reviewed the images, and the final results were based on a
consensus in case of discrepancy. The imaging readers were blinded to histologic diagnoses during
image interpretations.
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Figure 1. A 74-year-old man with hemangioma of the left shoulder. (a) fat-suppressed T2-weighted
axial images (repetition time/echo time, 6060/62 ms) show a heterogeneously hyperintense mass.
(b–d) time-resolved magnetic resonance angiography in the coronal plane demonstrates persistent
vascular pooling within the lesion (arrows).

Figure 2. A 59-year-old man with myxofibrosarcoma of the right shoulder. (a) fat-suppressed
T2-weighted coronal images (repetition time/echo time, 4000/75 ms) show a heterogeneously
hyperintense mass (arrow). (b–d) time-resolved magnetic resonance angiography in the coronal
plane demonstrates tumor-like solid stain (arrow).

Figure 3. A 59-year-old man with a synovial cyst of the right leg. (a) fat-suppressed T2-weighted
coronal images (repetition time/echo time, 6780/74 ms) show a homogeneously hyperintense mass.
(b,c) the lesion, indicated with an *, is not discernible on the coronal images of time-resolved magnetic
resonance angiography and therefore defined as occult lesion. (d) static-enhanced T1-weighted coronal
images (500/9.1 ms) with fat suppression reveal absence of internal enhancement of the lesion (arrow).

2.5. Histopathology Analysis

A pathologist (W.-Y.C., with 20 years of musculoskeletal pathology experience) examined
specimens and assigned the histologic diagnosis according to the World Health Organization
classification of tumors of the soft-tissue and bone [3].

2.6. Statistical Analysis

All data were analyzed using SPSS version 25 (Armonk, NY, USA). The Wilcoxon rank sum test
was used to compare the age between male and female patients. The Kruskal–Wallis test was used to
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compare the size. The χ2 or Fisher’s exact test was used to examine any significant difference in the
frequency distribution of categorical imaging features. Imaging features were entered into univariate
and multivariate logistic regression with stepwise procedure. The interobserver agreement for the
imaging feature was calculated using the κ statistic. A κ of 0.81–1.0 indicated excellent agreement,
0.61–0.80 indicated good agreement, 0.41–0.60 indicated moderate agreement, 0.21–0.40 indicated
fair agreement, and 0–0.20 indicated only slight agreement. Two-tailed p < 0.05 was considered
statistically significant.

3. Results

The study patients consisted of 47 men (median age, 43 years; range, 2–77 years) and 33 women
(median age, 41 years; range, 11–78 years); there was no significant difference in the ages of male and
female patients (p = 0.86). Cyst-like soft-tissue masses were located in the lower limb (30 of 80, 38%),
upper limb (41 of 80, 51%), and body (9 of 80, 11%). A total of 22 vascular lesions, 38 solid lesions,
and 20 true cysts were analyzed (Table 1). The vascular lesions consisted of 20 hemangiomas and
2 lymphatic malformations; the solid lesions consisted of 22 benign solid lesions and 16 malignant
solid lesions.

Table 1. Histologic diagnosis of cystic-like soft-tissue masses.

Histologic Diagnosis Number of Cases

Vascular lesion -
Hemangioma 20
Lymphatic malformation 2
Benign solid lesion -
Benign peripheral nerve sheath tumor 12
Glomus tumor/myopericytoma 8
Tenosynovial giant cell tumor 1
Fibromatosis 1
Malignant solid lesion -
Infantile fibrosarcoma 1
Myxofibrosarcoma 6
Malignant giant cell tumor 1
Malignant peripheral nerve sheath tumor 2
Undifferentiated pleomorphic sarcoma 1
Squamous cell carcinoma 1
Sarcoma of uncertain differentiation 2
Myxoid liposarcoma 2
True cyst -
Ganglion/synovial cyst 10
Abscess 6
Epidermoid cyst 2
Hematoma 2

The frequency distribution of imaging features among the cyst-like soft-tissue masses is displayed
in Table 2. There was no significant difference in the size among the masses (p = 0.32). The T2
composition, time-resolved MRA patterns, and static internal enhancement were significantly different
among the masses (p = 0.01, < 0.001, and <0.001, respectively). On time-resolved MRA, 19 of the 20
hemangiomas presented as vascular pooling, and both lymphatic malformations were occult. Most of
the solid lesions showed solid stain (31 of 38), whereas six solid lesions were occult. True cysts were
most likely to be occult (13 of 20), whereas seven true cysts showed solid stain. The imaging predictors
of each type of mass are detailed in Table 3. Vascular pooling on time-resolved MRA was the sole
predictor of vascular lesions (odds ratio = 722.0, p < 0.001). Solid stain on time-resolved MRA was
the sole predictor of solid lesions (odds ratio = 73.6, p < 0.001). Occult lesion on time-resolved MRA
(odds ratio = 7.4, p = 0.001) and absence of static internal enhancement (odds ratio = 80.0, p < 0.001)
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both predicted true cysts, while the latter was the sole predictor of true cysts after multivariate
analysis. The accuracy of time-resolved MRA and static internal enhancement in evaluating cyst-like
soft-tissue masses are compared in Table 4. Time-resolved MRA was more accurate than static
enhancement in identifying vascular lesions and solid lesions (accuracy = 95% [76/80] and 81% [65/80],
respectively), while static enhancement was more accurate than time-resolved MRA in identifying true
cysts (accuracy = 93% [74/80]). Of the 21 occult lesions on time-resolved MRA, 13 occult lesions were
confirmed to have no internal enhancement on static-enhanced MRI, and all of them were true cysts
(Figure 3). However, 8 occult lesions showed internal enhancement on static-enhanced MRI—6 lesions
having central enhancement were solid lesions and 2 lesions demonstrating septal enhancement were
lymphatic malformations.

Table 2. Distribution and comparison of imaging features in cystic-like soft-tissue masses.

Imaging Feature Vascular Lesion
(n = 22)

Solid Lesion
(n = 38)

True Cyst
(n = 20) p Value

Size (cm) 0.32
Median 2.9 3.0 3.9
Range 0.7–10.8 0.3–17.2 0.7–10.3

T1 hyperintensity 0.77
Absence 9 19 10
Presence 13 19 10

T2 composition 0.01 *
Homogeneous 1 11 9
Heterogeneous 21 27 11

Perilesional edema 0.10
Absence 16 20 8
Presence 6 18 12

Time-resolved MRA <0.001 *
Vascular pooling 19 † 1 0

Solid stain 1 31 7
Occult lesion 2 6 13

Static enhancement <0.001 *
Marked 15 28 2

Mild–moderate 6 ‡ 10 3
Absent 1 0 15

MRA = magnetic resonance angiography; * significant p value; † all vascular lesions showing vascular pooling were
hemangiomas in this study; and ‡ two lymphatic malformations demonstrated mildly enhanced internal septa on
static-enhanced MRI.
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Table 3. Imaging predictors of cyst-like soft-tissue masses after univariate logistic regression.

Vascular Lesion Solid Lesion True Cyst

Variables OR 95% CI p Value OR 95% CI p Value OR 95% CI p Value

Size (cm) 1.0 0.8–1.2 0.984 0.9 0.8–1.1 0.488 1.1 0.9–1.3 0.437
T1 hyperintensity 1.4 0.5–3.9 0.468 0.8 0.3–2.0 0.670 0.9 0.3–2.4 0.796
T2 heterogeneous 1.7 0.9–3.3 0.100 0.8 0.5–1.5 0.550 0.7 0.4–1.3 0.305

Perilesional edema 0.4 0.1–1.0 0.055 1.2 0.5–2.9 0.686 2.2 2.2–6.3 0.124
Time-resolved MRA

Vascular pooling 722.0 42.8 to >999.9 <0.001 * Ref <0.1 <0.1–0.0 0.998
Solid stain Ref 73.6 8.5–635.8 <0.001 * Ref

Occult lesion 4.0 0.3–47.0 0.270 7.6 0.8–70.2 0.074 7.4 2.2–24.7 0.001 *
Static enhancement

Marked 7.5 0.9–62.3 0.062 Ref 0.2 <0.1–1.6 0.146
Mild–moderate 6.9 0.7–65.3 0.091 0.7 0.2–2.0 0.476 Ref

Absent Ref <0.1 <0.1–0.0 0.998 80.0 7.5–856.0 <0.001 **

OR = odds ratio and CI = confidence interval; * significant p value; and ** sole independent predictor after multivariate logistic regression.

Table 4. Diagnostic accuracy of time-resolved MRA and static internal enhancement in the evaluation of cyst-like soft-tissue masses.

Type of Mass/Imaging Feature Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

Vascular lesion
Vascular pooling on MRA 86 (65–97; 19/22) 98 (91–100; 57/58) 95 (75–100; 57/60) 95 (86–99; 19/20) 95 (88–99; 76/80)
Marked enhancement 68 (45–86; 15/22) 48 (35–62; 28/58) 33 (20–49; 15/45) 80 (63–92; 28/35) 54 (42–65; 43/80)
Solid lesion
Solid stain on MRA 82 (66–92; 31/38) 81 (66–91; 34/42) 79 (64–91; 31/39) 83 (68–93; 34/41) 81 (71–89; 65/80)
Mild–moderate enhancement 26 (13–43; 10/38) 79 (63–90; 33/42) 53 (29–76; 10/19) 54 (41–67; 33/61) 54 (42–65; 43/80)
True cyst
Occult lesion on MRA 65 (41–85; 13/20) 87 (75–94; 52/60) 62 (38–82; 13/21) 88 (77–95; 52/59) 81 (71–89; 65/80)
Absent enhancement 75 (51–91; 15/20) 98 (91–100; 59/60) 94 (70–100; 15/16) 92 (83–97; 59/64) 93 (84–97; 74/80)

Data in parentheses are 95% confidence intervals and raw data; PPV = positive predictive value and NPV = negative predictive value.
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A diagnostic flowchart was developed for cyst-like soft-tissue masses on the basis of time-resolved
MRA patterns, as demonstrated in Figure 4. In the flowchart, static enhancement was simplified,
graded as presence or absence of static internal enhancement. According to this flowchart, 71 of
the 80 included masses (89%) were correctly classified. Nearly all vascular lesions (21 of 22, 95%)
and solid lesions (37 of 38, 97%) could be identified through the flowchart. Seven true cysts (7 of
20, 35%) presented as solid stain on time-resolved MRA and were miscategorized as solid lesions.
Interobserver agreements were good, with κ of 0.745 for time-resolved MRA patterns and 0.691 for
static internal enhancement.

Figure 4. Flowchart for evaluation of cyst-like soft-tissue masses. Time-resolved MRA pattern of the
mass was evaluated, and vascular pooling and solid stain on time-resolved MRA indicated hemangioma
and solid lesion, respectively. If the mass is occult on time-resolved MRA, static-enhanced MRI should
be evaluated before establishing the diagnosis of a true cyst.

4. Discussion

The integration of noninvasive time-resolved magnetic resonance angiography before static
contrast-enhanced images provides new insights into lesion characterization for cyst-like soft-tissue
masses. A study by Wu et al. emphasized static internal enhancement for differentiating between true
cysts and cyst-like tumors [2]. Another study by Bermejo et al. used heterogeneity, wall thickness,
location, and static internal enhancement for evaluating simple and complicated true cysts as well
as solid lesions [1]. Both studies focused on the imaging features on conventional MRI. Our study
provided an additional method for differentiating cyst-like masses into vascular lesions, solid lesions,
and true cysts by using time-resolved MRA. The use of proposed flowchart resulted in accurate
diagnosis of the vascular lesions and the solid lesions, which provided valuable clinical information to
determine whether percutaneous or surgical intervention should be performed. Although the true
cysts mimicked solid lesions on time-resolved MRA, these lesions can undergo biopsy or surgical
resection with a relatively low risk of procedure-related hemorrhage.

Vascular soft-tissue lesions with a cystic appearance were predominantly hemangiomas.
The literature has described imaging features of soft-tissue hemangiomas, which include bright
signal intensity on T2-weighted images, lobulation and septation, and central low-signal-intensity
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dots [7,20–22]. However, hemangiomas may not present all these features on conventional MRI.
Hemangiomas generally had greater static internal enhancement compared with malignant soft-tissue
masses, but the difference was not statistically significant when objectively measured [20]. Thus,
biopsy is sometimes necessary to achieve a definite diagnosis. Our study included hemangiomas with
atypical features on conventional MRI that were diagnosed by histopathology analysis. For these
lesions, time-resolved MRA provided accurate differentiation of hemangiomas from other cyst-like
soft-tissue masses. Histologically, hemangiomas consist of discrete vascular channels and blood-filled
spaces with interspersed nonvascular components such as fat, muscle, myxoid, or fibrous tissue [23].
This explains the unique appearance of hemangiomas on either DSA or time-resolved MRA, that is,
gradual filling of small vessels that run into wide vascular cavities and remain there for several
seconds [11,22]. By contrast, solid stain is more homogeneous and tumor-like on time-resolved
MRA presumably due to a vascular-rich stroma of solid lesions. The observers in our study easily
differentiated between these two different patterns, regardless of their experience in MRI interpretation.
Moreover, interobserver agreement was good, suggesting that this is a simple and practical approach.
Notably, true cysts may appear as solid stain on time-resolved MRA if they are complicated with
infection or rupture, because the outer rim enhancement is superimposed with the non-enhancing
inner potion on maximum intensity projections images.

We developed a diagnostic flowchart based on time-resolved MRA patterns. The accurate
differentiation between hemangiomas and solid lesions by using this approach is valuable in clinical
practice. Because differentiating cyst-like soft-tissue masses through imaging may be challenging,
a histopathology analysis through biopsy is often required for a definite diagnosis. However, biopsy of
a hemangioma is associated with the risk of hemorrhage and low diagnostic yield [6]. Using this
flowchart, hemangiomas can be confidently differentiated from solid lesions to avoid unnecessary and
potentially risky biopsy. A systemic review by Kim et al. also highlighted the use of time-resolved
MRA to facilitate diagnosis of vascular lesions in pediatric patients [24].

If the mass is occult on time-resolved MRA, static-enhanced MRI should be evaluated before
establishing a diagnosis of a true cyst. Although true cysts could be predicted through occult lesions
on time-resolved MRA, occult lesions were found to be vascular lesions or solid lesions in our
study. This can be attributed to the following reasons. First, a subtle enhancement of the mass
may not be clearly depicted owing to the reduced spatial resolution of time-resolved MRA due to
the dynamic nature of the sequence [15]. Second, a small enhancement of mass may be masked by
overlapping vessels. Lastly, in patients with a compromised hemodynamic status or severe vascular
occlusive diseases, time-resolved MRA may not provide adequate temporal coverage for venous
phase, and a mass with delayed enhancement may not be captured. Thus, further evaluation of
occult lesions on static-enhanced MRI is warranted. True cysts show completely absent or only a thin
rim enhancement, whereas vascular lesions or solid lesions demonstrate internal enhancement [2].
Of note, lymphatic malformation, a vascular lesion defined by the World Health Organization
classification, is angiographically occult because it comprises only dilated channels or sinuses connected
to the lymphatic system. Lymphatic malformation relies on static-enhanced MRI to characterize the
vascularized and thus enhancing septa [25].

Our study has limitations. First, uncommon cystic soft-tissue lesions, such as hydatid cysts,
were not included, and this could not be avoided because this study was performed at a single center
with a limited sample size. Second, our study did not include any malignant vascular lesion. However,
angiosarcoma is a rare entity, accounting for less than 1% of all sarcomas, and they usually present as a
solid mass [26]. Third, this study is retrospective, and only pretreatment lesions were included in this
study. It is unclear whether the results of this study can be used to evaluate recurrent lesions with a
cystic appearance. Lastly, this study did not differentiate between benign and malignant solid lesions
because only a small number of sarcomas were analyzed. Benign soft-tissue lesions are much more
frequently encountered than sarcomas in practice. Thus, a multicenter study with a large cohort is
warranted to provide a more comprehensive evaluation of the cyst-like soft-tissue masses.
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In conclusion, time-resolved magnetic resonance angiography before static-enhanced MRI provides
differentiation of cyst-like soft-tissue masses into vascular lesions, solid lesions, and true cysts.
We recommend incorporating time-resolved MRA into the MRI evaluation of cyst-like soft-tissue
masses to avoid unnecessary and potentially risky biopsy.

Author Contributions: Conceptualization, Y.-C.L. (Ying-Chieh Lai), C.-C.C., C.-T.L., G.L. and Y.-C.L.
(Yu-Ching Lin); Data curation, T.-C.L., W.-Y.C., Y.-J.L. and Y.-C.L. (Yu-Ching Lin); Formal analysis, Y.-C.L.
(Ying-Chieh Lai), W.-Y.C. and Y.-J.L.; Funding acquisition, Y.-H.J. and Y.-C.L. (Yu-Ching Lin); Investigation,
Y.-C.L. (Ying-Chieh Lai), Y.-H.J., S.-H.N., T.-C.L., W.-Y.C., C.-C.C., C.-T.L., G.L., Y.-J.L. and Y.-C.L. (Yu-Ching Lin);
Methodology, Y.-C.L. (Ying-Chieh Lai), Y.-H.J. and Y.-C.L. (Yu-Ching Lin); Project administration, S.-H.N.;
Resources, G.L. and Y.-C.L. (Yu-Ching Lin); Software, Y.-C.L. (Ying-Chieh Lai) and Y.-J.L.; Supervision, Y.-H.J.,
S.-H.N., G.L. and Y.-C.L. (Yu-Ching Lin); Validation, Y.-C.L. (Ying-Chieh Lai), T.-C.L. and Y.-C.L. (Yu-Ching Lin);
Visualization, Y.-C.L. (Ying-Chieh Lai); Writing—original draft, Y.-C.L. (Ying-Chieh Lai); Writing—review &
editing, Y.-C.L. (Ying-Chieh Lai), Y.-H.J., S.-H.N., W.-Y.C., C.-C.C., C.-T.L., G.L. and Y.-C.L. (Yu-Ching Lin).
All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported in part by grants from the Ministry of Science and Technology,
Taiwan (MOST 108-2314-B-182A-018-MY3) and Chang Gang Memorial Hospital, Keelung (CMRPG2J0171 and
CMRPG2J0371).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Bermejo, A.; De Bustamante, T.D.; Martinez, A.; Carrera, R.; Zabia, E.; Manjon, P. MR imaging in the evaluation
of cystic-appearing soft-tissue masses of the extremities. Radiographics 2013, 33, 833–855. [CrossRef] [PubMed]

2. Wu, J.S.; Hochman, M.G. Soft-tissue tumors and tumorlike lesions: A systematic imaging approach. Radiology
2009, 253, 297–316. [CrossRef] [PubMed]

3. Fletcher, C.D.M.; Bridge, J.A.; Hogendoorn, P.C.W.; Mertens, F.; World Health Organization; International
Agency for Research on Cancer. WHO Classification of Tumours of Soft Tissue and Bone; World Health
Organization: Geneva, Switzerland, 2013.

4. Petscavage-Thomas, J.M.; Walker, E.A.; Logie, C.I.; Clarke, L.E.; Duryea, D.M.; Murphey, M.D. Soft-tissue
myxomatous lesions: Review of salient imaging features with pathologic comparison. Radiographics 2014,
34, 964–980. [CrossRef]

5. Murphey, M.D.; Fairbairn, K.J.; Parman, L.M.; Baxter, K.G.; Parsa, M.B.; Smith, W.S. From the archives
of the AFIP. Musculoskeletal angiomatous lesions: Radiologic-pathologic correlation. Radiographics 1995,
15, 893–917. [CrossRef] [PubMed]

6. Olsen, K.I.; Stacy, G.S.; Montag, A. Soft-tissue cavernous hemangioma. Radiographics 2004, 24, 849–854.
[CrossRef]

7. Kaplan, P.A.; Williams, S.M. Mucocutaneous and peripheral soft-tissue hemangiomas: MR imaging. Radiology
1987, 163, 163–166. [CrossRef]

8. Ma, L.D.; McCarthy, E.F.; Bluemke, D.A.; Frassica, F.J. Differentiation of benign from malignant
musculoskeletal lesions using MR imaging: Pitfalls in MR evaluation of lesions with a cystic appearance.
AJR Am. J. Roentgenol. 1998, 170, 1251–1258. [CrossRef]

9. Paltiel, H.J.; Burrows, P.E.; Kozakewich, H.P.; Zurakowski, D.; Mulliken, J.B. Soft-tissue vascular anomalies:
Utility of US for diagnosis. Radiology 2000, 214, 747–754. [CrossRef]

10. Robinson, J.L.; Learch, T.J. Vascular lesions presenting as musculoskeletal neoplasms. AJR Am. J. Roentgenol.
2011, 197, W141–W148. [CrossRef]

11. Bartley, O.; Wickbom, I. Angiography in Soft Tissue Hemangiomas. Acta Radiol. 1959, 51, 81–94. [CrossRef]
12. Lois, J.F.; Fischer, H.J.; Deutsch, L.S.; Stambuk, E.C.; Gomes, A.S. Angiography in soft tissue sarcomas.

Cardiovasc. Interv. Radiol. 1984, 7, 309–316. [CrossRef]
13. Korosec, F.R.; Frayne, R.; Grist, T.M.; Mistretta, C.A. Time-resolved contrast-enhanced 3D MR angiography.

Magn. Reson. Med. 1996, 36, 345–351. [CrossRef] [PubMed]
14. Flors, L.; Leiva-Salinas, C.; Maged, I.M.; Norton, P.T.; Matsumoto, A.H.; Angle, J.F.; Hugo Bonatti, M.;

Park, A.W.; Ahmad, E.A.; Bozlar, U.; et al. MR imaging of soft-tissue vascular malformations: Diagnosis,
classification, and therapy follow-up. Radiographics 2011, 31, 1321–1340. [CrossRef] [PubMed]

http://dx.doi.org/10.1148/rg.333115062
http://www.ncbi.nlm.nih.gov/pubmed/23674777
http://dx.doi.org/10.1148/radiol.2532081199
http://www.ncbi.nlm.nih.gov/pubmed/19864525
http://dx.doi.org/10.1148/rg.344130110
http://dx.doi.org/10.1148/radiographics.15.4.7569134
http://www.ncbi.nlm.nih.gov/pubmed/7569134
http://dx.doi.org/10.1148/rg.243035165
http://dx.doi.org/10.1148/radiology.163.1.3823431
http://dx.doi.org/10.2214/ajr.170.5.9574596
http://dx.doi.org/10.1148/radiology.214.3.r00mr21747
http://dx.doi.org/10.2214/AJR.10.4922
http://dx.doi.org/10.3109/00016925909171530
http://dx.doi.org/10.1007/BF02625118
http://dx.doi.org/10.1002/mrm.1910360304
http://www.ncbi.nlm.nih.gov/pubmed/8875403
http://dx.doi.org/10.1148/rg.315105213
http://www.ncbi.nlm.nih.gov/pubmed/21918047


Diagnostics 2020, 10, 1094 11 of 11

15. Fayad, L.M.; Mugera, C.; Soldatos, T.; Flammang, A.; del Grande, F. Technical innovation in dynamic
contrast-enhanced magnetic resonance imaging of musculoskeletal tumors: An MR angiographic sequence
using a sparse k-space sampling strategy. Skelet. Radiol. 2013, 42, 993–1000. [CrossRef] [PubMed]

16. Mell, M.; Tefera, G.; Thornton, F.; Siepman, D.; Turnipseed, W. Clinical utility of time-resolved imaging of
contrast kinetics (TRICKS) magnetic resonance angiography for infrageniculate arterial occlusive disease.
J. Vasc. Surg. 2007, 45, 543–548. [CrossRef] [PubMed]

17. Jin, T.; Wu, G.; Li, X.; Feng, X. Evaluation of vascular invasion in patients with musculoskeletal tumors of
lower extremities: Use of time-resolved 3D MR angiography at 3-T. Acta Radiol. 2018, 59, 586–592. [CrossRef]

18. Lin, Y.C.; Chuang, W.Y.; Hu, C.H.; Cheung, Y.C.; Ng, S.H.; Lin, G.; Juan, Y.H. Ulnar arterial epithelioid
hemangioma: A unique demonstration using time-resolved MR angiography. Int. J. Cardiol. 2016, 223, 18–20.
[CrossRef]

19. Kramer, U.; Ernemann, U.; Fenchel, M.; Seeger, A.; Laub, G.; Claussen, C.D.; Miller, S. Pretreatment evaluation
of peripheral vascular malformations using low-dose contrast-enhanced time-resolved 3D MR angiography:
Initial results in 22 patients. AJR Am. J. Roentgenol. 2011, 196, 702–711. [CrossRef]

20. Teo, E.L.; Strouse, P.J.; Hernandez, R.J. MR imaging differentiation of soft-tissue hemangiomas from malignant
soft-tissue masses. AJR Am. J. Roentgenol. 2000, 174, 1623–1628. [CrossRef]

21. Suh, J.S.; Hwang, G.; Hahn, S.B. Soft tissue hemangiomas: MR manifestations in 23 patients. Skelet. Radiol.
1994, 23, 621–625. [CrossRef]

22. Buetow, P.C.; Kransdorf, M.J.; Moser, R.P., Jr.; Jelinek, J.S.; Berrey, B.H. Radiologic appearance of intramuscular
hemangioma with emphasis on MR imaging. AJR Am. J. Roentgenol. 1990, 154, 563–567. [CrossRef] [PubMed]

23. Allen, P.W.; Enzinger, F.M. Hemangioma of skeletal muscle. An analysis of 89 cases. Cancer 1972, 29, 8–22.
[CrossRef]

24. Kim, J.S.; Chandler, A.; Borzykowski, R.; Thornhill, B.; Taragin, B.H. Maximizing time-resolved MRA for
differentiation of hemangiomas, vascular malformations and vascularized tumors. Pediatr. Radiol. 2012,
42, 775–784. [CrossRef] [PubMed]

25. Navarro, O.M.; Laffan, E.E.; Ngan, B.Y. Pediatric soft-tissue tumors and pseudo-tumors: MR imaging features
with pathologic correlation: part 1. Imaging approach, pseudotumors, vascular lesions, and adipocytic
tumors. Radiographics 2009, 29, 887–906. [CrossRef] [PubMed]

26. Gaballah, A.H.; Jensen, C.T.; Palmquist, S.; Pickhardt, P.J.; Duran, A.; Broering, G.; Elsayes, K.M.
Angiosarcoma: clinical and imaging features from head to toe. Br. J. Radiol. 2017, 90, 20170039. [CrossRef]
[PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1007/s00256-013-1604-9
http://www.ncbi.nlm.nih.gov/pubmed/23558650
http://dx.doi.org/10.1016/j.jvs.2006.11.045
http://www.ncbi.nlm.nih.gov/pubmed/17223303
http://dx.doi.org/10.1177/0284185117729185
http://dx.doi.org/10.1016/j.ijcard.2016.08.177
http://dx.doi.org/10.2214/AJR.10.5092
http://dx.doi.org/10.2214/ajr.174.6.1741623
http://dx.doi.org/10.1007/bf03372605
http://dx.doi.org/10.2214/ajr.154.3.2154914
http://www.ncbi.nlm.nih.gov/pubmed/2154914
http://dx.doi.org/10.1002/1097-0142(197201)29:1&lt;8::AID-CNCR2820290103&gt;3.0.CO;2-A
http://dx.doi.org/10.1007/s00247-012-2359-5
http://www.ncbi.nlm.nih.gov/pubmed/22398688
http://dx.doi.org/10.1148/rg.293085168
http://www.ncbi.nlm.nih.gov/pubmed/19448123
http://dx.doi.org/10.1259/bjr.20170039
http://www.ncbi.nlm.nih.gov/pubmed/28471264
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design 
	Patients 
	MRI Protocol 
	Imaging Features 
	Histopathology Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	References

