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Abstract

Objective—To investigate the accuracy of quantitative diffusion-weighted imaging (DWI) with 

apparent diffusion coefficient (ADC) mapping for characterizing soft tissue masses (STMs) as 

cysts or solid masses.

Materials and methods—This IRB-approved retrospective study included 36 subjects with 37 

STMs imaged by conventional MRI (T1-weighted, T2-weighted, contrast-enhanced T1-weighted 

sequences) and DWI (b-values 50, 400, 800 s/mm2) with ADC mapping. STMs were defined as 

non-solid cysts by histology or clinical follow-up, and as solid by histology. For each STM, ADC 

values (range, mean) were recorded by two observers. Differences between ADC values in cysts 

and solid STMs were compared using Wilcoxon rank-sum and receiver-operating characteristic 

(ROC) analysis.

Results—There were higher minimum (1.65 vs 0.68, p =0.003) and mean (2.31 vs 1.45, p 
=0.005) ADC values in cysts than solid STMs respectively. Areas under the ROC for minimum 

and mean ADC values were 0.82 and 0.81 respectively. Using threshold ADC values of 1.8 

(minimum) or 2.5 (mean) yielded a sensitivity of 60 % and 80 % respectively, and a specificity 
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of 100 % for classifying a STM as a cyst; for tumors with high fluid–signal intensity, the 

performance of these threshold values was maintained.

Conclusion—Diffusion-weighted imaging with ADC mapping provides a non-contrast MRI 

alternative for the characterization of STMs as cysts or solid masses. Threshold ADC values exist 

that provide 100 % specificity for differentiating cysts and solid STMs, even for tumors of high 

fluid–signal intensity on T2-weighted images.
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Introduction

Magnetic resonance imaging (MRI) plays a critical role in the characterization of 

musculoskeletal soft tissue masses (STMs) [1], particularly in defining the size and extent 

of the lesion, and in delineating the involvement of adjacent viscera and the neurovascular 

structures. While simple lipomas and some fibrous tumors (such as quiescent fibromatosis) 

show characteristic MRI findings, definitive characterization of STMs using MRI alone is 

often not possible. In particular, some soft tissue neoplasms demonstrate T2 hyperintensity 

that can mimic cysts on unenhanced sequences [2]; misinterpretation of such lesions as 

cysts can lead to inappropriate surgical management [3]. As such, intravenous contrast 

medium is often administered for the assessment of STMs, first with the important purpose 

of differentiating solid tumors from cysts, and second, for further characterizing the 

enhancement patterns of solid soft tissue tumors. However, contrast medium administration 

requires intravenous access, may be precluded by renal failure, and adds a small, but 

non-negligible cost to the MR examination.

Diffusion-weighted imaging (DWI) is an unenhanced functional MRI technique based on 

perturbations to the Brownian motion of water caused by tissue microstructure and/or 

pathology. The apparent diffusion coefficient (ADC) is a quantitative measure of Brownian 

movement; highly cellular microenvironments in which diffusion is limited by the presence 

of cell membranes result in low ADC values, whereas acellular regions allowing for free 

diffusion in all directions are characterized by high ADC values [4]. In the musculoskeletal 

system, DWI has been used for the purpose of detection and the evaluation of treatment 

response in sarcoma patients undergoing chemotherapy [5–7]. For primary diagnosis, prior 

studies have shown mixed results regarding the ability of DWI to distinguish between benign 

and malignant STMs [8–11], although acellular cysts and myxoid tumors have been shown 

to have higher ADC values than other non-myxoid cellular tumors [9, 10, 12], for example, 

mean ADC of 1.92× 10−3 mm2/s in myxoid-containing tumors vs 0.97 × 10−3 mm2/s in non-

myxoid tumors [9]. We hypothesized that acellular cysts could therefore be distinguished 

from solid, cellular masses by their high ADC values. The main purpose of this study was 

to investigate the accuracy of quantitative DWI with ADC mapping for characterizing STMs 

as cysts or solid masses, and in particular, for distinguishing cysts from solid masses with 

high fluid content (such as myxoid tumors and synovial sarcoma). A secondary purpose of 

this study was to explore the accuracy of quantitative DWI for differentiating benign and 

malignant solid STMs. If proven accurate, quantitative DWI could provide an important 
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addition to a standard protocol for characterizing STMs, and potentially, a useful adjunct or 

alternative to contrast-enhanced imaging.

Materials and methods

Overview

In this IRB-approved retrospective study, the imaging of 36 subjects with 37 STMs who 

had undergone conventional MRI with T1-weighted, T2-weighted, and contrast-enhanced 

T1-weighted sequences as well as quantitative DWI with ADC mapping was reviewed. The 

ADC values of the STMs and the adjacent tissues were recorded. ADC measurements of 

non-solid STMs (defined by lack of enhancement or thin linear rim enhancement) and solid 

STMs (defined as contrast-enhancing lesions) were compared, as were benign and malignant 

solid STMs. Additionally, we performed a separate analysis focused on a sub-population of 

solid STMs with high fluid signal, to determine if the ADC values could differentiate true 

cysts from cystic-appearing solid STMs.

Subject population

Subjects who had undergone MRI with a tumor protocol for STM evaluation from April 

2011 to July 2012 were identified through a picture archiving and communications system 

(PACS). 226 MRI studies were performed on STMs during the study period. One observer 

reviewed the radiology reports and selected subjects with STMs that were prospectively 

described as a “non-solid” STM (defined as a lesion without internal contrast enhancement) 

or “solid” STM (defined as any STM with reported internal enhancement following contrast 

medium administration). Then, patient demographic data and information on clinical follow-

up from the clinical notes, as well as histological diagnoses from the pathology reports were 

recorded for each STM.

Inclusion criteria were subjects who had an STM that was referred for de novo evaluation 

prior to any treatment, a STM that was greater to or equal to 1 cm (in order to ensure an 

accurate measurement of the ADC values with a region of interest [ROI]) and subjects 

who had undergone MRI with a uniform DWI protocol (acquired with three b-values 

of 50, 400, and 800 mm2/s). Non-solid STMs were included if they had a histological 

diagnosis or if they met contrast-enhancement criteria (no internal enhancement) and had 

at least 3 months’ clinical follow-up indicating stability or resolution. Solid STMs were 

included only if they had a histological diagnosis. Exclusion criteria were lesions that were 

less than 1 cm (too small in which to accurately place an ROI), lesions that had already 

been treated with chemotherapy or radiation therapy, solid STMs without a histological 

diagnosis, solid lesions for which a definitive diagnosis could be made without contrast 

medium administration (e.g., lipoma), and lesions that were imaged without a complete DWI 

examination.

Of the original 226 MRI studies, 189 cases did not meet the inclusion criteria, (primarily 

because of a lack of diffusion-weighted imaging). The final subject population included 36 

patients with 37 lesions (mean age 47.6 years, age range 4.4 to 87.1 years), and consisted 

of 20 male and 16 female patients. There were 10 lesions that were deemed “cysts.” 
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These included 6 simple cysts (ganglia, periarticular cysts) and 4 benign non-neoplastic 

non-solid lesions (lymphatic malformation, hematoma, seroma, and abscess). The remaining 

27 lesions were deemed “solid” and included 15 benign STMs (8 peripheral nerve sheath 

tumors, 1 desmoid, 1 ganglioneuroma, 1 pigmented villonodular synovitis, 1 fibroblastic 

proliferation, 1 fibrosis, 1 exuberant inflammation, 1 inflammatory fibrovascular tissue) 

and 12 malignant soft tissue tumors (5 malignant peripheral nerve sheath tumors, 3 

metastases, 1 myxoid sarcoma, 1 fibrosarcoma, 1 pleomorphic sarcoma, and 1 extraosseous 

Ewing’s sarcoma). For cysts, the diagnosis was established histologically (n =3) and/or 

by characteristic unenhancement on post-contrast imaging (n =7). For all solid STMs, the 

diagnosis was established histologically, either by percutaneous biopsy or final histology 

following surgical excision.

MRI protocol

All examinations were performed at 3 T (Trio or Verio; Siemens Medical Systems, Malvern, 

PA, USA). Anatomical imaging included T1-weighted (TR/TE 960/9, SL 5–6 mm) and 

fat-suppressed T2-weighted sequences (TR/TE 3,600–4,280/70, SL 5–6 mm) in the axial 

and coronal planes. After conventional anatomical imaging, but before intravenous contrast 

medium injection, DWI was performed in the axial plane using a spin-echo, single-shot 

echo-planar imaging (EPI) sequence. An inversion-recovery pulse (inversion time [TI]=180 

ms) was implemented to exclude severe chemical-shift artifacts. The following parameters 

were used for DWI: TR=760 ms, TE=80 ms, NEX=2, gradient strength=25 mT/m, 

FOV=180–250 mm2, matrix size=256×256 pixels, section thickness=5 mm, interslice gap=1 

mm, section levels=30; a partial Fourier transform and EPI factor=88 was used; the b-values 

used were 50, 400, and 800 s/mm2. These imaging parameters resulted in an imaging time 

of 2 min 32 s. ADC maps were calculated using a monoexponential fit with inline software 

from Siemens (Syngo MapIT). Then, a 3-D fat-suppressed T1-weighted sequence (volume 

interpolated breath-hold examination (VIBE), TR/TE 4.6/1.4, flip angle 9.5, SL 1 mm) 

was obtained prior to and following the administration of 0.1 mmol/kg body weight of 

gadolinium-diethylenetriamine pentaacetic acid (DTPA) (Magnevist; BayerSchering, Berlin, 

Germany). Subtraction imaging was applied to the contrast-enhanced sequences, with 

subtraction of the pre-contrast from post-contrast images.

Image analysis for conventional MRI

Two readers (one musculoskeletal radiology fellow and one musculoskeletal radiologist 

with 10 years’ experience), who were blinded to the histological diagnosis, retrospectively 

reviewed the conventional T1-weighted, T2-weighted, and contrast-enhanced T1-weighted 

sequences and recorded by consensus whether each STM was a cyst or solid STM according 

to the contrast-enhancement pattern. Cysts were defined as lesions with only thin linear rim 

enhancement and absence of internal enhancement. Solid STMs were defined as any lesion 

containing internal contrast enhancement (homogeneous or heterogeneous, including lesions 

with thick nodular peripheral enhancement, as may be seen with a centrally necrotic tumor).

Image analysis for quantitative T2 measurements

Because a focus of this study was T2 hyperintense STMs that simulate cysts, we quantified 

the T2 signal hyperintensity as a ratio of lesion:muscle signal simply as a way to identify 
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those lesions most likely to mimic true cysts owing to fluid-like signal. Such a ratio has 

been previously used to characterize soft tissue hemangiomas [13]. Each reader obtained 

quantitative measurements (performed at least 1 month apart) on the T2-weighted images by 

constructing a region of interest (ROI) to encompass as much of each mass as possible on a 

representative slice. The ROI size included at least 90 % of the mass and excluded adjacent 

tissues. Signal intensity was recorded within the mass, as well as within adjacent skeletal 

muscle (on the same slice) using a muscle ROI matching the size of the lesion ROI up to a 

maximum of 3 cm in diameter. A T2 signal ratio was defined as the ratio of the intensity of 

the STM to the intensity of skeletal muscle. Values across slices were averaged.

A subset of nine solid STMs with T2 hyperintensity approaching that of cysts was 

selected for sub-analysis, as these lesions with signal intensity similar to fluid are the 

most challenging to differentiate from true cysts. Similar measurements of T2 ratios 

(lesion:muscle or lesion:background ratios) have been reported in other organ systems, such 

as for pelvic cysts [14, 15], liver cysts [16], breast masses [17, 18], and brain lesions [19].

Image analysis for DWI

For each mass, diffusion-weighted images were reviewed in consensus and a qualitative 

assessment of the signal loss on successively higher b values was recorded on a four-grade 

scale (0, no signal loss; 1, mild signal loss; 2, moderate signal loss; 3, marked signal loss) 

[19].

Second, each reader constructed an ROI within each mass on the ADC map on up to three 

slices; if the mass was not large enough, ROIs were constructed on one (n =5) or two (n 
=4) slices. A ROI was also placed in the adjacent skeletal muscle on the same slice. Readers 

performed these measurements independently, at least 1 month apart. Minimum, maximum, 

and mean ADC values were recorded from intralesional ROIs as well as from ROIs placed 

in nearby muscle, and values across slices were averaged. The ADC ratio was defined as 

the ratio of the intralesional ADC value to the ADC value of muscle, similar to the methods 

previously described for normalizing ADC values [18].

Third, the subset of solid STMs with high fluid content (high T2 ratios, as above) was 

analyzed to determine whether the ADC values of soft tissue tumors with high fluid signal 

intensity on unenhanced sequences significantly differed from the ADC values of cysts.

Statistical analysis

First, descriptive statistics were reported. Differences in age and gender between subjects 

with cysts and those with solid masses were compared using Wilcoxon rank-sum and 

Fisher’s exact test. Second, all continuous variables (T2 signal ratio, minimum, maximum, 

and mean lesion ADC value, lesion:muscle ADC ratio) were compared for cysts and solid 

STMs by Wilcoxon rank-sum using means derived from the two readers’ measurements; 

inter-observer agreement was assessed using the intra-class correlation coefficient (ICC). 

Qualitative scores of DWI appearance were dichotomized to “low” or “high” signal loss and 

compared for cysts and solid STMs using Fisher’s exact test. Third, ADC values recorded 

from the subset of solid soft tissue tumors with T2 hyperintensity mimicking fluid were 

compared with ADC values recorded from cysts (Wilcoxon). Fourth, ADC values recorded 
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from benign and malignant solid STMs were compared (Wilcoxon). Fifth, receiver-operating 

characteristic (ROCs) were constructed for T2 signal ratios, and minimum, maximum, and 

mean ADC values for differentiating solid and non-solid STMs for each observer; ROCs 

were also constructed for comparing solid STMs of high fluid signal intensity and true cysts. 

Differences were considered significant at p <0.05. The statistical analysis was performed 

using Stata 11.1 (StataCorp, College Station, TX, USA).

Results

For the 36 subjects with 37 STMs, there were 10 cysts and 27 solid STMs (Table 1). There 

was no difference in the mean subject age for those with cysts and those with solid STMs 

(51.0±29.6 vs 46.3±17.4 years, p =0.22, Wilcoxon). There was no difference in gender 

composition between the two groups (46 % [12 out of 26] female for solid STMs vs 40 % [4 

out of 10] female for cysts, p =1.0, Fisher’s exact).

Table 2 shows the T2 signal ratios, DWI measures and ADC values of cysts and solid STMS 

in our population. There was a significant difference in both the T2 signal ratios and ADC 

values of cysts (Fig. 1) and solid STMs (Figs. 2, 3). Inter-reader variability was good for 

ADC minimum values (ICC=0.76), and was excellent for ADC maximum (ICC=0.87), ADC 

mean (ICC=0.93), and T2 signal ratio (ICC=0.95). In the qualitative assessment of signal 

on successive DWI sequences, 22 non-solid lesions showed low signal loss, and 5 scored 

as high signal loss; 4 non-solid lesions scored low signal loss, and 6 scored high (p =0.04, 

Fisher’s exact).

For all STMs, area under the ROC (AUC) for T2 ratio, minimum, maximum, and mean 

ADC were 0.71, 0.82, 0.76, and 0.81 respectively, for distinguishing cysts from solid STMs 

(Fig. 4a). Using threshold ADC values of 1.8 (minimum ADC) or 2.5 (mean ADC) yielded a 

sensitivity of 60 % and 80 % respectively, and a specificity of 100 % for classifying a STM 

as a cyst. These cut-off points yielded positive predictive values of 100 %, and negative 

predictive values of 87 % and 93 % respectively; using these thresholds resulted in overall 

accuracy of 89 % and 95 % in classifying lesions as cysts or solid STMs.

A subset of 9 solid STMs met the criteria for having high fluid-like signal intensity using 

a quantitative threshold T2 signal ratio of 2.8; this was the lowest T2 signal ratio for an 

uncomplicated cyst (i.e., non-hematoma or abscess). For this subset, the mean of the T2 

signal ratios was actually higher for the group of solid masses compared with the true 

cysts, although this did not reach statistical significance (Table 2). Minimum and mean ADC 

measurements of these solid tumors with high fluid signal were significantly lower than 

for cysts. The threshold minimum ADC value of 1.3 yielded a sensitivity/specificity of 70 

%/100 %; a mean ADC value of 2.5 yielded a sensitivity of 80 %, specificity of 100 %, 

and overall accuracy of 89 % for distinguishing solid STMs of high fluid content from 

cysts. High AUCs were maintained for maximum (AUC=0.71), minimum (AUC=0.81), and 

mean (AUC=0.80) ADC values in this subset of patients, but performance was substantially 

weaker for T2 signal ratio (AUC=0.37). Figure 2 highlights the utility of the ADC map for 

distinguishing a solid tumor (myxoid sarcoma) from adjacent fluid.
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Of the 27 solid STMs, 12 were pathologically confirmed malignant tumors and 15 were 

pathologically confirmed benign lesions. Excluding all cysts, minimum and mean ADC 

values were significantly lower in malignant STMs compared with benign STMs (minimum 

ADC: 0.52±0.39 vs 0.81±0.29 respectively, p =0.04; mean ADC: 1.21±0.36 vs 1.64±0.27 

respectively, p =0.004). Between malignant and benign solid STMs, there was no difference 

in the maximum ADC value (2.28 vs 2.34 respectively, p =0.66). Using a mean ADC of >1.7 

yielded a sensitivity of 40 %, a specificity of 92 %, and an accuracy of 63 % in classifying 

lesions as benign.

Discussion

Quantitative DWI with ADC mapping is an accurate technique for separating non-neoplastic 

cysts from solid musculoskeletal STMs, and a valuable addition to a routine MRI protocol 

for the characterization of an STM. Importantly, DWI is an unenhanced method that 

is particularly useful in instances where intravenous contrast medium administration is 

precluded owing to renal failure, prior adverse reaction, or refused by the patient, and can be 

obtained with minimal additional imaging time (~ 2.5 min). However, it should be stressed 

that aside from distinguishing cysts from solid tumors, contrast medium administration, 

particularly when employing a dynamic technique, helps to assess treatment response, 

evaluate for post-operative recurrence and define tumor extent. DWI does not replace 

intravenous contrast for all these roles, but its usefulness as an adjunct sequence for these 

roles is an area of active investigation.

The results of this study are in agreement with previous studies of STMs evaluated by DWI, 

which have shown that areas of restricted diffusion reflect cellular tissue found in tumors 

[20, 21]. Therefore, interrogation of a non-cellular cyst by quantitative DWI is expected to 

show high ADC values. In our study, a threshold mean ADC value of 2.5 provided 100 

% specificity for predicting a cyst and ruling out a solid tumor, even for T2 hyperintense 

solid masses, which can mimic cysts on unenhanced sequences. Such data suggest that 

quantitative DWI can supplement a conventional imaging protocol and perhaps replace the 

need for contrast-enhanced imaging for the specific purpose of distinguishing a cyst from a 

solid tumor when the ADC value is higher than 2.5. This value is in line with reports from 

the literature for mean ADC values in cysts in other tissues, such as the liver [22].

Among the non-solid STMs in this study were a hematoma (ADC minimum=0.56, 

maximum=1.53, and mean=0.82) and an abscess (ADC minimum=0.15, maximum=1.30, 

and mean=0.63) with ADC profiles different from other cysts. With regard to hematomas, 

these ADC values stand in contrast to recent results showing consistently higher ADC 

values in chronic soft tissue hematomas compared with malignant tumors [23]. Such a 

discrepancy between our case of a hematoma and the literature may be due to differences 

in the stages of hematoma evolution [24], as early stage intracranial hematomas (those 

biophysical states in which erythrocytes remain intact) are known to show low ADC values 

[25]; more work should be done to assess how ADC values correlate with varying ages 

of soft tissue hematomas. With regard to abscesses, our low ADC measurements agree 

with low ADC values that have been reported in soft tissue abscesses [26, 27]. Hence, 

the need for comprehensive sequence selection and the importance of clinical information 
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in assessing STMs is underscored by these cases, to avoid mischaracterization of a cyst 

as a solid mass based on ADC measurements alone. A protocol with intravenous contrast 

medium will still be needed in these instances, in particular when there is a high pre-test 

probability of infection or hematoma.

An important pitfall in the interpretation of STMs is mistaking solid soft tissue tumors with 

high fluid content, such as myxoid neoplasms and synovial sarcoma [28, 29], for cysts. 

In this study, peripheral nerve sheath tumors illustrated a similar phenomenon. The ratio 

of lesion:muscle T2-signal was used to quantify the degree of similarity between the T2 

signal of such STMs and those of true cysts. Notably, in the subset of very T2 hyperintense 

soft tissue tumors in this population, the ADC threshold value of 2.5 was maintained and 

excluded the diagnosis of a cyst in all cases. As such, ADC measurements may be of great 

value for detecting a neoplasm when an STM appears “cystic.”

A secondary purpose of this study was the characterization of solid STMs. First, in 

this series, all solid STMs had histological confirmation rather than relying on contrast 

enhancement for diagnosis. Very infrequently, solid STMs will show no enhancement 

internally, mimicking a cyst. In such settings, ADC values may be critical in guiding the 

diagnosis toward a solid mass. Second, there is controversy regarding whether quantitative 

DWI can reliably discriminate between malignant neoplasms and benign solid STMs, as 

there is overlap in their ADC values. There are reports that have failed to show a significant 

difference in the ADC values between benign and malignant tumors [6, 8–10]. Our findings 

add support to the line of evidence that lower ADC values are associated with malignancy 

[11, 23, 30], even when benign cysts, which have a higher ADC, were removed from the 

analysis. These findings are also in keeping with the broader oncology literature showing 

that low ADC values are associated with malignancy in a variety of soft tissues throughout 

the body [31, 32]. One limitation of constructing ROIs within a STM is the potential 

for significant sampling error if care is not taken to include an adequately large region 

of interest in big or heterogeneous masses. However, in this study, differences in ROI 

construction between observers resulted in minimal differences in measured ADC values, as 

reflected by good to excellent ICC values. The ICC was lower for maximum and minimum 

ADC values than for T2 ratio and mean ADC values, likely because maximum and 

minimum values selectively bias toward extreme values, exaggerating differences between 

observers and hence lowering the ICC.

It has been recommended that at least three b-values be used for performing DWI with ADC 

quantification [5]. Our protocol used b-values of 50, 400, and 800 s/mm2 for the calculation 

of the ADC map. While there is empirical evidence indicating that additional b-values 

might not increase the precision of ADC calculations [33], selection of b-values is critically 

important, as use of higher b-values will preferentially sample the more slowly diffusing 

tissue pools, leading to lower ADC values [34]. Higher b-values also suffer degradations in 

signal-to-noise ratio. Optimal selection of b-values has not yet been rigorously defined for 

musculoskeletal soft tissues, but our selection is within the range of values recommended in 

prior reports [6]. Other DWI studies have utilized only two b-values, potentially another 

reason for conflicting results in ADC measurements of musculoskeletal lesions in the 

literature.
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This study has several limitations. First, histological confirmation was not available for 

all cysts, as most cysts were determined by the absence of internal contrast enhancement, 

their characteristic location and clinical presentation with at least a 3-month follow-up 

confirming the diagnosis. Diagnostic and therapeutic parsimony dictates that histological 

confirmation of such characteristically benign cysts will rarely be available in any series. 

Second, our sample size of 35 cases is relatively small, but similar to that of other studies 

that examined the utility of DWI in musculoskeletal soft tissue lesions [8, 11, 23]. Third, 

the potential for selection bias is recognized, as cases were initially identified through the 

PACS system by an observer who had prospectively interpreted approximately one third 

of the cases. Fourth, ADC maps used in this study were based on a monoexponential 

fit of signal decay with increasing b-values; theoretically, utilizing a multiexponential fit 

would be more appropriate for biological tissues. Biexponential fitting of multi-b-value DWI 

has been shown to provide better accuracy compared with ADC values obtained with a 

monoexponential fit in discriminating enhancing from non-enhancing renal lesions [35], but 

this comes at the cost of increased imaging time required for the acquisition of multiple 

b-values.

It should be emphasized that ultrasound plays an important role in the evaluation of soft 

tissue masses and is accurate in determining whether a lesion is solid or cystic; however, 

MRI offers the best single imaging modality for simultaneously assessing the locoregional 

extent of the disease, relation of tumor with compartmental anatomy, cortical or intraosseous 

involvement, extent of tumor necrosis, and involvement of the neurovascular bundle [36]. 

Even when a cystic lesion is diagnosed at ultrasound, its benignity cannot be guaranteed 

unless it is found in a characteristic location or relation to a synovial joint to allow diagnosis 

of a Baker’s cyst or ganglion [37, 38]. Low rates of interobserver agreement in diagnostic 

ultrasound for soft tissue masses [39], coupled with the reasons listed above, have made 

MRI the preferred imaging modality for the initial assessment of soft tissue masses at our 

institution. It should also be noted that small solid masses or nodular components of larger 

cystic masses that are below approximately 1 cm in size may be inaccurately characterized 

on DWI because of limitations in spatial resolution—careful attention to subtle areas of 

heterogeneity in T2 signal and irregularities in cyst wall contours on higher resolution 

sequences are required so that one does not overlook neoplasm.

In conclusion, it is unlikely that a single sequence, such as DWI, will routinely provide 

a definitive method for the characterization of all STMs. An optimal approach to 

STM characterization will include information derived from all available MR sequences. 

However, this study shows that quantitative DWI with ADC values>2.5 can provide high 

specificity for the purpose of distinguishing cysts and solid tumors. Future investigations 

should include a wide group of non-solid and solid lesions, including recruitment of subjects 

with abscesses and hematomas of different stages, to more comprehensively assess the 

performance of quantitative DWI in identifying such lesions.
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Fig. 1. 
A 59-year-old woman with a posterior calf mass that resolved with follow-up. a Axial 

T2-weighted image with fat suppression (FSE, TR/TE 4,060/71 ms) shows a well-defined 

hyperintense mass (arrow) in the superficial soft tissues of the calf posterior to the 

gastrocnemius muscles. b Axial ADC map reveals the mass to have high ADC values 

(mean ADC value of 2.82). c Post-contrast image (VIBE, TR/TE 6.35/1.48) clearly shows 

the non-enhancing soft tissue mass (STM) as a cyst
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Fig. 2. 
An 87-year-old woman with a calf mass. a Axial T2-weighted image with fat suppression 

(FSE, TR/TE 4,060/71 ms) shows an ill-defined hyperintense mass (arrow) involving the 

peroneal muscles, very similar in signal intensity to adjacent subcutaneous fluid (T2 ratio of 

2.6). The surrounding soft tissue edema blurs the margins of the mass and complicates the 

assessment of extent. b Axial ADC map reveals a region of low ADC values (white arrow) 

in the area corresponding to the tumor (mean ADC value of 1.69). c Post-contrast image 

(VIBE, TR/TE 6.35/1.48) clearly shows the enhancing STM separate from the subcutaneous 

tissues (arrow). Biopsy revealed an intermediate grade myxoid sarcoma
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Fig. 3. 
A 53-year-old man with neurofibromatosis type 1 with two STMs in the thigh. a Axial 

T2-weighted image with fat suppression (FSE, TR/TE 4,060/71 ms) shows two masses, the 

first associated with the femoral nerve in the anterior thigh of variable signal, and the second 

associated with the sciatic nerve in the posterior thigh of high signal. The T2 signal ratios 

for these lesions were 2.05 and 4.38 respectively. b Axial ADC map shows mean ADC value 

of 1.37 in the anterior mass (arrow) and 2.04 (asterisk) in the posterior thigh mass. Biopsy 

of these STMs revealed a malignant peripheral nerve sheath tumor in the anterior thigh and 

a localized neurofibroma in the posterior thigh. This case highlights the potential role for 

quantitative DWI in distinguishing benign (posterior mass) and malignant (anterior mass) 

tumors
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Fig. 4. 
a Receiver operating characteristic (ROC) analysis of T2 signal ratio (lesion:muscle), 

minimum ADC, maximum ADC, mean ADC, and the mean ADC ratio (lesion:muscle) 

for distinguishing between non-solid and solid STMs. Performance for each variable is 

given by area under the curve (AUC); better performance is indicated by high AUC. ADC 

values performed well, but performance was not statistically superior to the quantitative T2 

signal ratio (p =0.23). b In the subset of cystic-appearing solid STMs, mean, maximum, and 

minimum ADC all demonstrated significantly better performance (p =0.003, 0.03 and<0.001 

respectively) than the quantitative T2 signal ratio
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