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Abstract. The initial diagnostic distinction between benign 
and malignant soft tissue tumors is critical for decisions 
regarding the appropriate course of treatment. The current 
study aimed to evaluate the vascularity and elasticity of soft 
tissue tumors by superb microvascular imaging and shear wave 
elastography using ultrasonography (US), to determine their 
usefulness in distinguishing malignant soft tissue tumors, and 
to further establish the diagnostic accuracy and usefulness of 
a scoring system (SS) based on these evaluations. The present 
study used 167 lesions of soft tissue tumors examined by US 
prior to biopsy, surgery and pathological tissue diagnosis. The 
vascularity index (VI) and the maximal shear velocity (MSV), 
as indices of vascularity and elasticity respectively, were evalu‑
ated using US. The tumor size and depth were also evaluated 
via magnetic resonance imaging (MRI). Based on the odds 
ratio of these parameters determined by multivariate logistic 
regression analysis, an original SS was established to identify 
the malignancy of soft tissue tumors. VI and MSV exhibited 
significantly high values for malignant tumors. Tumor size 
was also significantly larger for malignant than benign tumors. 
The areas under the curves (AUCs) of the receiver operating 
characteristic analysis for VI, MSV and tumor size were 0.75, 
0.84 and 0.69, respectively, indicating that these methods 
were effective for the diagnosis of malignancy. An original 
SS consisting of VI, MSV and tumor size, excluding tumor 
depth, was established, and revealed an AUC value of 0.90, 
with 93.6% sensitivity and 79.2% specificity for malignancy 
distinction. US evaluation of vascularity and elasticity was 

an effective technique to distinguish malignant soft tissue 
tumors, and the current SS based on US evaluations including 
tumor size via MRI demonstrated a high diagnostic accuracy 
for malignant soft tissue tumors.

Introduction

Soft tissue tumors in the extremities and the trunk can exhibit 
a variety of pathological features, making them potentially 
difficult to diagnose (1). Although magnetic resonance 
imaging (MRI) results are typically used for diagnosis, the 
examination frequently lacks specific findings. Even radio‑
logical diagnosticians and medical specialists of bone/soft 
tissue tumors often struggle to distinguish between benign and 
malignant tumors based on such imaging data (2). Since inap‑
propriate primary care adversely affects patients' prognoses, a 
clear distinction between benign and malignant tumors upon 
the initial diagnosis is essential (3,4).

Ultrasonography (US) is a simple imaging diagnostic tool 
with low invasiveness that has improved through technical 
advancements and is increasingly being utilized in ortho‑
pedic cases (5). Vascularity evaluation using color Doppler 
and power Doppler is also useful in distinguishing between 
benign and malignant tumors when diagnosing soft tissue 
tumors (6‑8). The Giovagnorio classification (6) divides the 
vascular distribution into 4 types and has been used in various 
studies (8‑10). Furthermore, a scoring system (SS) evaluating 
vascularity, tumor size, echogenicity, and internal structure 
findings can improve the accuracy of benign and malignant 
tumor distinction (9,10). Strain elastography (SE) is a method 
for elasticity evaluation based on the strain on the tissue upon 
the application of pressure via probes. Using SE to evaluate 
the elasticity can also be useful in the diagnosis of soft tissue 
tumors (11‑16).

Among the newly improved evaluation techniques for US, 
superb microvascular imaging (SMI) facilitates the assessment 
of lower flow vascularity better than color Doppler and power 
Doppler (17,18). In addition, shear wave elastography (SWE) is 
useful to evaluate tissue elasticity by calculating the velocity 
of the shear waves passing through the tissue (19‑22). Unlike 
SE, SWE is a simple method because it does not require the 
application of pressure via probes and provides quantitative 
data on the stiffness of the tissue. These techniques have 
been applied to other anatomical regions such as the thyroid 
gland, mammary gland, liver, and prostate gland (17‑22). 
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However, the usefulness of SMI and SWE in the diagnosis of 
soft tissue tumors remains unclear.

This study aimed to determine: i) the usefulness of 
vascularity and elasticity evaluation, using SMI and SWE, 
respectively, to distinguish between benign and malignant soft 
tissue tumors, and ii) the diagnostic accuracy of soft tissue 
tumors by establishing an original SS based on vascularity and 
elasticity assessments.

Materials and methods

Patient characteristics. This retrospective study was approved 
by the Human Research Ethics Committee of the Hirosaki 
University Graduate School of Medicine (Aomori, Japan; refer‑
ence no. 2019‑1023), and the requirement for informed consent 
was waived because of the anonymous nature of the data. 
This study targeted consecutive cases that were examined by 
US prior to biopsy, surgery, and pathological tissue diagnosis 
at our hospital from April 2016 to September 2018. Medical 
records, US data, and MRI data were investigated in April 2019, 
and the cases without sufficient data were excluded. A total of 
167 lesions in 164 cases (86 male, 78 female) was enrolled in 
the present study. The mean age was 56 years (range: 5 to 92). 
Pediatric cases were only eight (5 to 16 years). There were 
47 targeted lesions in the upper extremities, 76 in the lower 
extremities, and 44 in the trunk. The pathological tissue diag‑
nosis was based on the World Health Organization classification 
2013 (1), and was divided into 3 groups: benign, intermediate, 
and malignant (Table I). Non‑tumoral benign lesion types, such 
as ganglion, atheroma, and hematoma were also targeted. One 
case of an intramuscular glomus tumor, which was a non‑typical 
case that was diagnosed with uncertain malignant potential, was 
classified into the intermediate group in this study.

Evaluation of image findings on US and MRI. The 4 items 
evaluated were as follows: vascularity index (VI) for SMI, 
maximal shear velocity (MSV) for SWE, and tumor size 
and tumor depth on MRI. All US examinations and MRI 
reviews were conducted by a single musculoskeletal oncolo‑
gist with 19 years of experience. The Aplio 500 (Toshiba 
Medical Systems Corporation) was used as the US diagnostic 
device and a linear‑type probe PLT‑1005BT was used for the 
evaluations. The vascularity of the tumors was evaluated by 
SMI (Fig. 1A). The vascular ratio in the region of interest (ROI) 
was quantified. The mean vascularity ratio at three measured 
positions was defined as the VI. The elasticity of the tumors 
was evaluated by SWE in the same intratumoral areas that 
were measured by SMI. Small circular ROIs with a diameter 
of 1 mm were placed in the rectangular ROI of SWE to calcu‑
late shear velocity (Fig. 1B). The maximal value among shear 
velocity values was defined as the MSV. The size of the ROI 
was equal to the tumor size when the entire tumor fit within 
the width of the probe. When the tumor was larger than the 
width of the probe, the ROI was adjusted to evaluate the tumor 
from the shallow to central parts. The maximal length of the 
tumor visible via MRI was used as the tumor size for all cases 
because most tumors were large and unmeasurable by the US 
device. The depth of the tumor was also evaluated by MRI for 
all cases. Tumors were divided into superficial or deep catego‑
ries based on their location relative to the fascia.

Statistical analyses. The tumor size values were normally 
distributed, those of VI and MSV were not normally distrib‑
uted by the Shapiro‑Wilk test. Values of tumor size, VI, and 
MSV were presented as medians with interquartile range, 
and medians among the 3 groups (benign, intermediate, and 
malignant) were compared by the Kruskal‑Wallis test followed 
by Dunn's test as a post hoc analysis. The depth (deep/super‑
ficial) was compared using a Fisher's exact test. To investigate 
the cut‑off values of the tumor size, VI, and MSV, the receiver 
operating characteristic (ROC) analysis was performed. In this 
analysis, the area under the curve (AUC), odds ratio, and the 
respective cut‑off values based on the malignancy were calcu‑
lated. Using the cut‑off values of the tumor size (large/small), 
VI (hyper/hypo vascularity) and MSV (hard/soft) from the 
ROC analysis, multivariate logistic regression analysis was 
performed, with the malignancy against the benign or interme‑
diate tumors as a dependent variable, and the presence of tumor 
size, VI, MSV, and depth. Data input and data analysis were 
performed using SPSS version 25.0J (SPSS Inc.), and the Excel 
statistical software BellCurve for Excel (Version 3.0; Social 
Survey Research Information Co., Ltd.). A P‑value <0.05 was 
considered statistically significant.

Establishment and evaluation of an original SS. Based on the 
odds ratios of the multivariate logistic regression analysis, an 
original SS was established. A cut‑off value of the SS score 
for malignancy was also determined by a ROC analysis, and 
the sensitivity and specificity were calculated. The median 
scores of the SS between the three groups were compared 
using Kruskal‑Wallis test followed by Dunn's test as a post hoc 
analysis. In addition, the scores for each soft tissue tumor, in 
which the number of lesions was 3 or more, were evaluated.

Results

Evaluation of image findings on US and MRI. Values of VI 
and MSV were significantly higher in the malignant group 
than in the benign and intermediate group (P<0.001, respec‑
tively) (Table II). There were no significant differences in the 
values of VI between the benign and intermediate groups 
(P=0.592). While the tumor size in the intermediate and 
malignant groups was significantly larger than that of the 
benign group (P<0.001), there was no significant difference 
in tumor size between the intermediate and malignant groups 
(P=0.109). Ratio of deep lesion was higher in the intermediate 
and malignant groups (P=0.005).

ROC analysis (Fig. 2) indicated the cut‑off value of 
tumor size for malignancy was 7 cm (AUC: 0.69, P<0.001, 
odds: 4.0, 95% CI: 0.61‑0.78). The cut‑off value of VI was 
5.3% (AUC: 0.75, P<0.001, odds: 7.0, 95% CI: 0.68‑0.83). The 
cut‑off value of MSV was 7.9 m/sec (AUC: 0.84, P<0.001, 
odds: 18.5, 95% CI: 0.77‑0.91).

Establishment and evaluation of original SS. All the 4 items 
(VI, MSV, tumor size and tumor depth) were entered into the 
multivariate logistic regression analysis, and the three values 
(VI, MSV and tumor size) were selected as independent risk 
factors (Table III). The odds ratios for malignancy against 
other groups were 8.74, 18.81 and 6.03 for VI, MSV and 
tumor size, respectively. An original SS consisting of these 
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3 items (VI, MSV and tumor size) was established based on 
the odds ratio for identifying the malignancy of the soft tissue 

tumors (Table IV). The score of the 3 items summed for each 
lesion ranged from 0 to 5.5 points.

ROC analysis (Fig. 3) showed that the cut‑off value of score 
of original SS for malignancy was estimated as 2.5 points 
(AUC: 0.90, P<0.001, odds: 55.7, 95% CI: 0.85‑0.96). Based 
on this cut‑off value, original SS showed 93.6% sensitivity 
and 79.2% specificity to identify malignancy. In the score 
distribution by using the original SS, as the score increased, 

Figure 1. Ultrasonographic imaging of a brachial schwannoma in a 
29‑year‑old female. (A) Vascularity evaluation by superb microvascular 
imaging. Pink indicates vascularity. The ROI was adjusted to the size of 
tumors, and revealed a vascularity ratio of 27.3%. The mean ratio at three 
measured positions was defined as the vascularity index. (B) Elasticity 
evaluation by SWE. The colors indicate tumor elasticity; hard tumors with 
high shear velocity are red and soft tumors with low shear velocity are blue. 
Small circular ROIs with a diameter of 1 mm were placed in the rectangular 
ROI of SWE to calculate shear velocity. Measured shear velocity values are 
presented in the lower screen. The maximal value among shear velocity 
values calculated within the rectangular ROI was defined as the maximal 
shear velocity, which was 7.27 m/sec. ROI, region of interest; SMI, superb 
microvascular imaging; SWE, shear wave elastography; Ave, average.

Figure 2. ROC analysis for tumor size, VI and MSV. The area under the curve 
values for tumor size, VI and MSV were 0.69, 0.75 and 0.84, respectively. The 
cut‑off values with respect to malignancy for tumor size, VI and MSV were 
7 cm, 5.3% and 7.9 m/sec, respectively. ROC, receiver operating character‑
istic; VI, vascularity index; MSV, maximal shear velocity.

Table I. Number of patients diagnosed with different forms of 
pathological tumor.

 Number of 
Tumor type patients

Benign soft tissue tumors (n=99)
  Lipoma 35
  Schwannoma 23
  Vascular malformation   9
  Epidermal cyst   9
  Spindle cell lipoma   5
  Tenosynovial giant cell tumor (localized type)   3
  Intramuscular myxoma   2
  Chronic expanding hematoma   2
  Fibroma of tendon sheath   2
  Ganglion   2
  Elastofibroma   1
  Hematoma   1
  Desmoplastic fibroblastoma   1
  Neurofibroma   1
  Hibernoma   1
  Angiolipoma   1
  Nodular fasciitis   1
Intermediate soft tissue tumors (n=21)
  Atypical lipomatous tumor   8
  Desmoid type fibromatosis   5
  Plantar fibromatosis   4
  Dermatofibrosarcoma protuberans   2
  Soft tissue recurrence of bone GCTs    1
  Glomus tumor (uncertain malignant potential)   1
Malignant soft tissue tumors (n=47)
  Myxofibrosarcoma 14
  Myxoid liposarcoma   5
  Undifferentiated pleomorphic sarcoma   4
  Soft tissue metastasis of carcinoma   4
  Rhabdomyosarcoma   3
  Leiomyosarcoma   3
  Extraskeletal myxoid chondrosarcoma   2
  Extraskeletal osteosarcoma   2
  Synovial sarcoma   2
  Dedifferentiated liposarcoma   2
  High grade sarcoma   2
  Malignant lymphoma   2
  Low‑grade fibromyxoid sarcoma    1
  Clear cell sarcoma   1
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the incidence of malignant lesions increased (Fig. 4A). Three 
(1 myxofibrosarcoma, 1 soft tissue metastasis of carcinoma, 
1 malignant lymphoma) out of the 47 malignant lesions had 
scores <2.5 points and the other 44 had scores ≥2.5 points. 
Nineteen of the 99 benign lesions and 6 of the 21 intermediate 
lesions had scores ≥2.5 points. The median and interquartile 
range of scores for the benign, intermediate, and malignant 
groups were 1.0 (0‑1.5) (95% CI: 0.94‑1.47), 1.5 (1.0‑2.5) 
(95% CI: 1.12‑2.55), and 4.5 (3.0‑5.5) (95% CI: 3.73‑4.55), 
respectively. The original SS score of the malignant group 
was significantly higher than that of the other groups 
(P<0.001) (Fig. 4B). There was no significant difference 
between the benign and the intermediate group (P=0.350). 
Representative scores of soft tissue tumors were also calcu‑
lated (Table SI). In the benign group, schwannoma, vascular 
malformation, and spindle cell lipoma showed relatively high 
scores compared to the other benign lesions. In the interme‑
diate group, desmoid type fibromatosis showed a high score 
compared to the other lesions. There were no significant 
differences between the three lipomatous tumors, namely, 
lipoma, spindle cell lipoma, and atypical lipomatous tumor. In 
the malignant group, all lesions showed a high score, and there 
was no significant difference between them.

Discussion

In this study, our results revealed significantly high VI and 
MSV values for malignant group and demonstrated the useful‑
ness of these techniques in distinguishing between benign or 
intermediate and malignant group. Furthermore, the original 
SS based on vascularity and elasticity assessments by US in 
conjunction with tumor size on MRI offered high diagnostic 
accuracy for malignant group. This study is, to the best of our 
knowledge, the first report to demonstrate the usefulness of 
both vascularity and elasticity to distinguish between benign 
or intermediate and malignant soft tissue tumors.

Evaluation of tumor vascularity using SMI established 
the technique's efficacy in distinguishing between benign or 

intermediate, and malignant soft tissue tumors. Malignant 
solid tumors show rich vascularity since tumor angiogenesis 
is enhanced in invasive and progressive malignant solid 
tumors (23). Many examiners frequently assess the distri‑
bution of intratumoral vascularity using the Giovagnorio 
classification for evaluation in US (6,8‑10). Oebisu et al 
reported color Doppler US with a contrast medium increased 
the diagnostic accuracy of malignant soft tissue tumors based 
on the Giovagnorio classification, since the use of the contrast 
medium made evaluation of the intratumoral vascularity 
possible for a longer duration and in more detail (8). We 
attempted the quantification of the intratumoral vascularity 
by SMI instead of the vascular distribution by color Doppler, 
since VI values were significantly higher for the malignant 
group than benign or intermediate group. This study is, to 
the best of our knowledge, the first report to demonstrate the 
usefulness of quantification of the intratumoral vascularity by 
SMI to distinguish between benign or intermediate and malig‑
nant soft tissue tumors. SMI is a non‑invasive and easy‑to‑use 
technique to enable the visualization of low flow and fine 
vascularity without contrast medium and could be used for 
initial diagnostic distinction of soft tissue tumors.

SWE for the evaluation of tumor elasticity was also useful 
for making a distinction between benign or intermediate, and 
malignant soft tissue tumors. Malignant lesions in other organs, 

Figure 3. ROC analysis for the newly established original SS. The area under 
the curve value for the total score of the original SS was 0.90, and the cut‑off 
value of the original SS for malignancy was estimated at 2.5 points. The orig‑
inal SS demonstrated 93.6% sensitivity and 79.2% specificity. ROC, receiver 
operating characteristic; SS, scoring system.

Figure 4. Score distribution of the each case and the mean score of the 
respective groups evaluated using the original scoring system. (A) Score 
distribution of each case. As the score increased, the incidence of malignant 
lesions increased. (B) The median scores for the benign, intermediate and 
malignant groups were 1.0, 1.5 and 4.5, respectively. In the box plot, the 
values are presented as medians, and the box indicates the interquartile range 
of the scores. The bar indicates the 90% range, and x indicates the range 
outside 90%. These parameters were compared using the Kruskal‑Wallis test 
followed by Dunn’s test as a post hoc analysis. *P<0.05.
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such as the breast, prostate, and thyroid, showed high shear wave 
velocity indicating stiffness on palpation (24‑26). Recent studies 

reported that SWE was not useful for making a distinction 
between benign and malignant tumors and malignant muscu‑
loskeletal lesions trended toward a lower shear wave velocity 
compared to benign lesions (26‑29), indicating that malignant 
lesions are softer than benign lesions. In our study, MSV values 
in SWE were significantly higher for the malignant group 
than the benign group, signifying malignant lesions are stiffer, 
which is in accordance with previous SE studies that malignant 
soft tissue lesions tended to be stiffer compared to the benign 
lesions (13,15,16). The different results in SWE between previous 
studies (27‑30) and ours could be explained by the differences 
of implemented US devices and evaluation methods. Previous 
studies used US devices made in Euro‑American companies 
such as Siemens Acuson and LOGIQ‑E9, and evaluated each 
in different ways such as mean of multi‑velocity readings and 
use of fixed sized SWE rectangular box. We used the Aplio 500 
made in Japan, and assessed the maximal values among the 
shear velocity values calculated in our study. Other reasons may 
be the differences in clinical characteristics of targeted lesions 
such as size, depth, and pathological heterogeneous nature.

Tumor size is a universal finding suggesting malignant 
soft tissue tumors (31). As malignant soft tissue tumors grow, 

Table II. Comparison of VI, MSV, tumor size and tumor depth between each group.

Method Benign Intermediate Malignancy

Vascularity index (%)
  Median 2.4 3.1 10.0a,b

  Interquartile range (0.2‑6.0) (1.3‑7.6) (5.0‑12.0)
Maximal shear velocity (m/sec)
  Median 6.1 7 8.3a,b

 Interquartile range (3.4‑7.7) (5.9‑7.6) (7.9‑8.7)
Tumor size (cm)
  Median 5.0 7.8 8.0a

  Interquartile range (3.0‑7.4) (3.8‑14.6) (5.0‑12.0)
Depth
  Superficial lesion (n) 37   2   8
  Deep lesion (n) 62 19 39
  Ratio of deep lesion (%)    62.6    90.5 83.0c

P<0.05 vs. the abenign and bintermediate groups. cData were determined using a Fisher’s exact test. MSV, maximal shear velocity; VI, vascu‑
larity index.

Table III. Multivariate logistic regression analysis of each method.

 Crude Adjusted
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Method B P‑value Odds ratio 95% CI B P‑value Odds ratio 95% CI

Vascularity index 1.80 <0.001 6.06 2.8‑12.9 2.17 <0.001 8.74 3.0‑25.2
Maximal shear velocity 2.92 <0.001 18.5 7.9‑43.2 2.9 <0.001 18.81 6.9‑51.2
Tumor size 1.39 <0.001 4.02 2.0‑8.2 1.80 0.001 6.03 2.2‑16.7
Depth 0.85 0.049 2.35 1.0‑5.5 ‑0.01 0.983 0.99 0.31‑3.2

B, partial regression coefficient; CI, confidence interval.

Table IV. An original scoring system based on the odds ratio 
from the multivariate logistic regression analysis for the iden‑
tification of soft tissue malignancy.

Method Points

Tumor size (cm)
  <7 0.0
  ≥7 1.0
Vascularity index (%)
  <5.3 0.0
  ≥5.3 1.5
Maximal shear velocity (m/sec)
  <7.9 0.0
  ≥7.9 3.0
Total 0.0‑5.5
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they may become firmer because intratumoral necrotic tissue 
enlarges due to hypoxia or intratumoral pressure is increased 
due to compression between surrounding tissues such as 
muscle and fascia. Our study had an increased number of 
larger malignant soft tissue tumors that were unmeasurable by 
the US device compared to previous SWE reports (28‑30). Our 
SWE results are similar to the common clinical presentation of 
most soft tissue sarcomas, which tend to be found on palpation 
with elastic to hard firmness. The depth of the tumor is also 
an important finding suggesting malignant soft tissue tumors. 
The depth of the malignant group was significantly deeper 
compared to that of the benign group in univariate analysis in 
our study. However, we had not include the depth of the tumor 
in our SS while considering the results of multivariate logistic 
regression analysis. Indeed, notation considering the depth of 
the tumor was eliminated in the new TNM classification of 
soft tissue sarcoma (31).

Our SS based on vascularity and elasticity evaluated by 
US showed high diagnostic accuracy for malignant soft 
tissue tumors. Nagano et al used an SS consisting of 4 items 
(i.e., tumor size, echogenicity, internal texture, and vascular 
distribution with color Doppler) to report sarcoma diagnosis 
capability with an AUC value of 0.88, 85.1% sensitivity, 
and 86.9% specificity (9). Recently, Morii et al used an SS 
consisting of tumor size, vascular distribution with power 
Doppler, and tumor margins to report its usefulness in sarcoma 
diagnoses with an AUC value of 0.85, 82.5% sensitivity, and 
73.2% specificity (10). Our SS showed higher AUC values and 
sensitivity compared to previous reports, and also showed the 
possibility to distinguish soft tissue tumors with same differ‑
entiation such as lipomas, spindle cell lipomas, and atypical 
lipomatous tumors. In our hospital, most of the patients were 
referred to our department with MRI data without contrast 
enhancement, and we had evaluated the intratumoral vascu‑
larity and elasticity by SMI and SWE at the date of first visit. 
Furthermore, we performed needle biopsy under US guidance 
for an early diagnosis if soft tissue lesions of the referral cases 
had high vascularity and elasticity. Evaluation of tumor size 
via MRI is an uncomplicated approach for both non‑medical 
and medical specialists. US examination is also safe, low‑cost, 
and easy to use for a non‑medical specialist. Our SS based on 
US evaluation including tumor size via MRI may be univer‑
sally suitable for initial and early diagnostic distinction.

This study, while emphasizing the importance of elasticity 
and vascularity, has pitfalls of US such as the potential for 
false negatives and false positives. Several mucinous malig‑
nant tumors (4 myxofibrosarcomas, 2 myxoid liposarcomas, 
and 1 low grade fibromyxoid sarcoma) showed low MSV 
(<7.9 m/sec) values as false negatives in our study. Two myxo‑
fibrosarcomas and 1 myxoid liposarcoma showed considerably 
low MSV (4.4, 2.2 and 4.9 m/sec). Evaluating the vascularity 
also enhances the likelihood of acquiring false negatives 
for large malignant tumors with wide range necrosis, which 
exhibit low values for VI. Meanwhile, schwannomas and 
desmoid‑type fibromatoses exhibited high values for vascu‑
larity and elasticity and were frequently determined as false 
positives. US provides information using a non‑invasive tech‑
nique at a low cost and is an essential imaging examination 
tool for the initial diagnosis of soft tissue tumors despite these 
pitfalls.

Our study had several limitations. First, all examinations, 
and evaluations were performed by the first author, a medical 
specialist for bone/soft tissue tumors. The retrospective nature 
of the study is also a limitation. Poor inter‑rater reliability 
may be caused by the differences of US technique between 
specialists and non‑specialists, especially with regard to loca‑
tion of the probe and selection of ROI. Thus, in the future, 
prospective studies with examinations conducted by medical 
specialists and non‑medical specialists should be conducted 
to determine the repeatability and reliability of the results. 
Additionally, patient population was heterogeneous with 
regard to tumor size, depth, and pathological diagnosis. It is 
favorable to compare between benign and malignant soft tissue 
tumors with the same sizes and depths, but malignant lesions 
are often larger and deeper than benign ones in clinical prac‑
tice. Sample size was too small to compare between benign 
or intermediate, and malignant soft tissue tumors under the 
same conditions. A multicenter study with larger sample size 
is necessary to elucidate the US characteristics such as tumor 
size and depth under similar conditions. A multicenter study 
might also reveal novel US findings for specific types of soft 
tissue tumors such as mucinous and lipomatous soft tissue 
tumors. Other limitation of our study is the selection bias due 
to the indication of the surgery. We included only cases in 
which the pathological tissue diagnosis was proven. We should 
consider that the cut‑off values and the SS setting might have 
changed if our study had included all benign and intermediate 
soft tissue tumors that were evaluated by US but not resected.

In conclusion, evaluating vascularity by SMI and elasticity 
by SWE is a useful technique to distinguish between benign or 
intermediate and malignant tumors, even if the evaluations are 
performed separately. Furthermore, our SS established based 
on these evaluations including tumor size via MRI showed 
high diagnostic accuracy for malignant soft tissue tumors. 
Therefore, an SS based on the US evaluation of vascularity 
and elasticity is a useful initial diagnostic tool for soft tissue 
tumors.
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