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ORIGINAL RESEARCH

Diagnostic Performance of
Multimodal Sound Touch
Elastography for Differentiating
Benign and Malignant Breast Masses
Fajin Dong, MD* , Huaiyu Wu, MD* , Lei Zhang, MD, Hongtian Tian, MD, Weiyu Liang, MD,
Xiuyin Ye, MD, Yan Liu, MD, Jinfeng Xu, PhD

Objectives—Evaluating the value of screening breast masses by separate or com-
bined use of multimodal Sound Touch Elastography.

Methods—Women with 159 masses (mean size, 14.86 � 6.57 mm; range,
5.30–30.00 mm) were enrolled in the study. The pathology results were adopted
as diagnostic standards. The abilities of Young’s modulus (E), shear modulus
(G), and shear wave (C) to differentiate malignant and benign breast masses
based on receiver operating characteristic curves were evaluated, and the optimal
cutoff values were obtained. Sensitivity, specificity, positive likelihood ratio, and
negative likelihood ratio were calculated. Then, the values were combined to per-
form an overall analysis of Sound Touch Elastography using evidence-based
medicine, construct forest plots, and calculate areas under the summary receiver
operating characteristic curves, pooled sensitivity, specificity, positive likelihood
ratio, negative likelihood ratio, and diagnostic scores.

Results—A total of 159 masses with a mean size of 14.86 � 6.57 mm (range,
5.30–30.00 mm) were included. For the various parameters, the diagnostic
values were as follows: Gmax > Emax > Cmax > Csd > Esd > Gsd > Emean >
Gmean > Cmean. There were no significant differences in Emin, Gmin, or Cmin.
When the 9 parameters were combined, the pooled sensitivity, specificity, posi-
tive likelihood ratio, negative likelihood ratio, diagnostic scores and areas under
the summary receiver operating characteristic curves were 84% (95% confidence
interval [CI], 79%–88%), 82% (95% CI, 80%–84%), 4.75 (95% CI, 4.15–5.43),
0.20 (95% CI, 0.15–0.25), 3.19 (95% CI, 2.84–3.54) and 90.2% (95% CI, 87%–
92%), respectively.

Conclusions—Sound Touch Elastography can be recognized as a new
ultrasound-based diagnostic method for differentiation between benign and
malignant breast masses.

Key Words—breast cancer; diagnosis; elasticity imaging techniques; Sound
Touch Elastography; ultrasound

B reast cancer (BC) is currently the most widely diagnosed
cancer and the main cause of cancer death in women around
the world, accounting for 23% of all cancer diagnoses (1.38

million women) and 14% of cancer deaths (458,000 women) per
year.1 Screening mammography reduces mortality from BC
through early detection2; however, there is disagreement regarding
optimal screening regimens.3,4 Mammographic screening does not
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detect all BCs, and cancers arising between tests
(interval cancers) typically represent 25% to 50% of
cancer cases diagnosed in women undergoing biennial
screening.5 Sonography has good sensitivity in
detecting breast masses, but it has poor specificity
because most solid lesions are benign lesions.6,7

Elastography has been widely used in the clinic
for examining breast masses, and this technique is
considered useful for differentiating malignant and
benign masses.8 Ultrasound shear wave elastography
(SWE) enables the measurement of tissue strain,
which is used to estimate lesion stiffness. BC masses
tend to be stiff, whereas benign tissues or masses tend
to be soft. SWE measures propagation of shear waves
within tissues, quantifying stiffness in kilopascals or
meters per second.9,10

Sound Touch Elastography (STE) has emerged
as a novel elastography technique that can provide
both maps of shear waves and parameters, such as
Young’s modulus (E, including Emean, Emax, Emin, and
Esd), shear modulus (G, including Gmax, Gmin, Gmean,
and Gsd) and shear wave (C, including Cmean, Cmax,
Cmin, and Csd), using the same ultrasound equipment.
In this study, we first evaluated these parameters sep-
arately and then combined them by evidence-based
medicine and used the pooled parameters to evaluate
the clinical value of multimodal STE with E, C, and
G parameters in differentiating malignant and benign
breast masses.

The use of separated or pooled multimodal STE
can help differentiate benign and malignant breast
masses. The parameters E, G, and C have a high sen-
sitivity (Sen), specificity (Spe), positive likelihood
ratio (LR+), and negative likelihood ratio (LR–).

Materials and Methods

Patient Selection
This retrospective study was approved by the Institu-
tional Review Board of our hospital, and all women
provided informed consent. Assessment of ultrasound
images for each lesion and for each breast was per-
formed on the basis of the expanded 7 Breast Imaging
Reporting and Data System (BI-RADS) categories:
category 1, negative; category 2, benign; category
3, probably benign; category 4a, low suspicion of
malignancy; category 4b, moderate suspicion of

malignancy; category 4c, high suspicion of malig-
nancy; and category 5, highly suggestive of malig-
nancy.11 The inclusion criteria were as follows:
(1) lesions were stable when detected by sonography;
(2) the size of the masses ranged from 5.00 to
30.00 mm; (3) solid or almost solid (<20% cystic)
masses detected by sonography; (4) breast tissue sur-
rounding masses at the same depth and sonographic
cross-section; (5) women with a BI-RADS ultrasound
category of 3, 4a, 4b, 4c, or 5; (6) no intervention or
surgery on masses before ultrasound scan; and
(6) surgery or biopsy performed within 1 week of
ultrasound scanning. Not every lesion could be
included for the women with multiple masses in this
study because of the size and restrictions. If women
had multiple masses, only the lesion that best satisfied
the inclusion criteria was included.

Image Acquisition and Interpretation
All of the examinations were conducted by a radiolo-
gist who was blinded to the pathologic data and had
more than 10 years of experience in sonography and
4 years of experience in elastography. Bilateral whole-
breast screening sonography was performed using a
Resona 7 ultrasound system (Mindray Medical Solu-
tions, Shenzhen, China) equipped with an 11 L3 lin-
ear array transducer (bandwidth frequency of
3–11 MHz) and STE software, which can measure
the stiffness of regions of interest (ROIs) and display
the information in the form of E, G, and C using the
same ultrasound equipment.

Women were in a supine position with the upper
chest fully exposed. The sonographic features of the
morphologic characteristics, size, boundary, echo, color
Doppler feature, and BI-RADS categories of the masses
were described and stored by the ultrasound machine.

After acquiring informed consent from the eligi-
ble participants, the same radiologist performed STE
for the breast mass, defined as a single breast lesion
on B-mode sonography for each participant with sus-
pected cancer. Then, the radiologist switched to the
STE mode, and the probe was touched lightly to the
skin, and the size of the ROI was adjusted to include
the lesion, with sufficient surrounding tissues in the
ROI. The radiologist ensured that the maximum lon-
gitudinal section of the masses was displayed in the
center of the screen, and when the left region of the
dual images was nearly green (area > 95%) of ROI,
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the radiologist pressed the update button to acquire
the elastographic images of masses. STE images were
extracted from the equipment. The masses were cir-
cled, and the E data (including Emax, Emin, Emean, and
Esd), G data (including Gmax, Gmin, Gmean, and Gsd)
and C data (including Cmax, Cmin, Cmean, and Csd)
were obtained.

Pathologic Diagnoses
All diagnoses were made by a pathologist who had
10 years of experience in the pathologic analysis of BC
samples obtained using biopsy or surgery. Analyses were
based on cytologic or histologic diagnoses (83 women
underwent surgery, and 76 underwent biopsy).

Statistical Analysis
E data (Emax, Emin, Emean, and Esd), G data (Gmax, Gmin,
Gmean, and Gsd) and C data (Cmax, Cmin, Cmean, and
Csd) of the STE images were recorded. The true-posi-
tive, true-negative, false-positive, and false-negative

values were calculated for every method. The Kruskal-
Wallis nonparametric test was used to determine signifi-
cant differences in the E, G, and C data between benign
and malignant masses. The abilities of E, G, and C to
differentiate malignant from benign masses were evalu-
ated by receiver operating characteristic (ROC) curve
analysis. The optimal cutoff values were obtained using
the Youden index (sensitivity + specificity – 1) from the
ROC curves. Sen, Spe, LR+, LR–, and diagnostic odds
ratios (DORs) were calculated with the chi-square test.
A P value less than .05 was considered statistically signif-
icant. Then, the values were pooled together to perform
an overall analysis of STE using evidence-based medi-
cine, construct forest plots, and calculate the areas under
the summary ROC curves. Pooled Sen, Spe, LR+, LR-
(P-Sen, P-Spe, PLR+ and PLR-, respectively) and
DORs were also calculated. The above data were ana-
lyzed with statistical software Stata 14.0 for Mac (Stata
Corp, College Station, TX) and GraphPad Prism 6.0 for
Mac (GraphPad Software, Inc., La Jolla, CA).

Figure 1. Images showing a BC lesion in a 55-year-old woman. A, B, The B- and color-mode images show a hypoechoic lesion (size,

0.94*0.71 cm) by sonography with no evidence of blood. C, The pathology results confirmed that the lesion was invasive lobular carcinoma.

D, E, The lesion was evaluated by STE. The green region in D is for quality control; the greener the area, the better the obtained standard

elastography image is. E, Quantitative Sound Touch Elastography parameters E, G, and C were measured by drawing a region of interest

around the nodule to encompass the maximum area without including the tissue outside the nodule displayed on the B-mode image.
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Results

Between June 2016 and December 2017, 173 women
referred for ultrasound examinations were recruited in
this study. Among them, 6 women had masses measur-
ing larger than 30 mm; 8 women were lost during
follow-up, and no pathologic diagnosis was available, and

thus, these women were excluded from this study. The
remaining 159 women (mean age, 40.36 � 11.74 years;
range, 28–79 years) with 159 masses were enrolled in
the study. The 32 women with BC had a mean age of
49.34 � 2.39 years (range, 29–91 years), and the
127 women with benign masses had a mean age of
38.10 � 0.90 years (range, 19–65 years). The

Figure 2. Images showing a breast cancer lesion in a 35-year-old woman. A, B, The B- and color-mode images show a hypoechoic lesion

(size, 1.41*0.75 cm) by sonography with no evidence of blood. C, The pathology results confirmed that the lesion was a fibroadenoma. D,

E, The lesion was evaluated by Sound Touch Elastography. The green region in D is for quality control; the greener the area, the better the

obtained standard elastography image is. E, Quantitative Sound Touch Elastography parameters E, G, and C were measured by drawing a

region of interest around the nodule to encompass the maximum area without including the tissue outside the nodule displayed on the B-

mode image.

Table 1. The E Measurements of Benign and Malignant Nodules

Lesion Max Min Mean � SD P Value Cutoff AUC SEN SPE LR+ LR–

Emean Benign 96.80 7.17 24.43 � 1.46 .0001 31.58 85.49% 81.25% 80.31% 4.13 0.23

Maligant 109.71 22.13 46.23 � 3.84

Emax Benign 347.84 11.24 76.89 � 5.92 .0001 118.7 91.26% 84.38% 84.25% 5.36 0.19

Maligant 399.82 54.59 228.0 � 17.07

Emin Benign 32.05 0.03 6.44 � 0.39 .2446 … … … … … …

Maligant 26.64 0.00 5.31 � 1.15

Esd Benign 52.69 1.54 11.67 � 0.87 .0001 18.10 89.74% 87.50% 82.68% 5.05 0.15

Maligant 61.89 9.61 30.86 � 2.51

AUC indicates area under the receiver operating characteristic curve; LR–, negative likelihood ratio; LR+, positive likelihood ratio; Sen, sensi-

tivity; and Spe, specificity.
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159 masses in these women had a mean size of
14.86 � 6.57 mm (range, 5.30–30.00 mm), satisfying
the inclusion criteria. The malignant masses had a mean

size of 19.68 � 1.35 mm (range, 6.50–30.00 mm), and
the benign masses had a mean size of 13.65 � 0.50 mm
(range, 5.30–30.00).

Finally, 29 women with invasive ductal carcinoma,
1 patient with invasive lobular carcinoma, 2 women
with ductal carcinomas in situ. One hundred seventeen
women with fibroadenomas, 3 women with intraductal
papilloma, 6 women with sclerosing adenosis, and
1 patient with hamartoma were enrolled in this study.

E Measurements of Benign and Malignant Masses
The stiffness of the masses is shown in Figures 1 and
2. Blue in the upper left indicates the softest, and red
indicates the hardest regions of the lesion. In this
study, all 32 malignant masses displayed a reddish
periphery (red rimlike) and a yellow or yellow-green
region in the middle, while the 132 benign lesion dis-
played colors similar to those of surrounding tissues
and were either green or yellow and had no red
regions suggestive of malignancy.

Figure 4. Distribution of Emean, Emax, and Esd between malignant

and benign breast lesions.

Table 2. The G Measurements of Benign and Malignant Nodules

Lesion Max Min Mean � SD P Value Cutoff AUC SEN SPE LR+ LR–

Gmean Benign 8.11 1.54 8.20 � 0.50 .0001 10.53 85.05% 81.25% 79.53% 3.97 0.24

Maligant 36.57 7.38 15.45 � 1.28

Gmax Benign 10.77 1.94 25.63 � 1.97 .0001 39.57 91.39% 84.38% 84.25% 5.36 0.18

Maligant 133.27 18.86 76.13 � 5.66

Gmin Benign 3.27 0.10 2.15 � 0.13 .4507 … … … … … …

Maligant 8.88 0.00 1.90 � 0.39

Gsd Benign 1.66 0.14 3.90 � 0.29 .0001 6.03 89.54% 87.50% 82.68% 5.05 0.15

Maligant 20.63 3.20 10.27 � 0.84

AUC indicates area under the receiver operating characteristic curve; LR–, negative likelihood ratio; LR+, positive likelihood ratio; Sen, sensi-

tivity; and Spe, specificity.

Figure 5. Distribution of Gmean, Gmax, and Gsd between malignant

and benign breast lesions.

Figure 3. Summary ROC curves of E (including Emax, Emean, and

Esd), G (including Gmax, Gmean, and Gsd) and C (Cmax, Cmean, and

Csd) parameters.
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The E measurements of benign and malignant
breast masses are shown in Table 1. Emax, Emean, and
Esd were significantly higher in malignant masses than
in benign masses (P < .0001). There were no signifi-
cant differences in Emin (P =. 2446). The ROC curves
of the other 3 E parameters are shown in Figure 4.
Compared with the other E parameters, Emax with the
optimal cutoff value of 118.7 kPa had the highest area
under the curve (AUC), which was 84.38% (95%
confidence interval [CI], 79.77%–91.22%). Based on
this cutoff value, the diagnostic Sen, Spe, LR+, and
LR– were 84.38%, 84.25%, 5.36, and 0.19, respec-
tively (Table 1). The other 2 E parameters, Emean and
Esd, had cutoff values of 31.58 kPa and 18.10 kPa and
AUCs of 85.49% (95% CI, 86.46%–96.07%) and
89.74% (95% CI, 84.76%–94.72%), respectively. The
details are shown in Table 1 and Figure 4.

G Measurements of Benign and Malignant Masses
The stiffness of the masses is indicated by the same
color as for E. The G measurements of benign and
malignant breast masses are shown in Table 2. Gmax,
Gmean, and Gsd were significantly higher in malignant
masses than in benign masses (P < .0001). There
were no significant differences in Gmin (P = .4507).
The ROC curves of the other 3 G parameters are
shown in Figure 3. Compared with the other G
parameters, Gmax with the optimal cutoff value of
39.57 kPa had the highest AUC, which was 91.39%
(95% CI, 86.63%–96.15%). Based on this cutoff
value, the diagnostic Sen, Spe, LR+, and LR– were
84.38%, 84.25%, 5.36, and 0.19, respectively
(Table 2). The other two G parameters, Gmean and
Gsd, had cutoff values of 10.53 kPa and 6.03 kPa and
AUCs of 85.05% (95% CI, 79.25%–90.86%) and

89.54% (95% CI, 84.51%–94.57%), respectively. The
details are shown in Table 2 and Figure 5.

C Measurements of Benign and Malignant Masses
The stiffness of the masses is indicated by the same color
as for E. The C measurements of benign and malignant
breast masses are shown in Table 3. Cmax, Cmean, and
Csd were significantly higher in malignant masses than in
benign masses (P < .0001). There were no significant
differences in Cmin (P = .4372). The ROC curves of the
other 3 C parameters are shown in Figure 3. Compared
with the other C parameters, Cmax with the optimal cut-
off value of 6.84 m/s had the highest AUC, which was
91.24% (95% CI, 86.42%–96.06%). Based on this cutoff
value, the diagnostic Sen, Spe, LR+, and LR– were
84.38%, 87.40%, 6.70, and 0.18, respectively (Table 3).
The other 2 C parameters, Cmean and Csd, had cutoff
values of 3.14 m/s and 0.87 m/s and AUCs of 84.49%
(95% CI, 78.59%–90.39%) and 89.90% (95% CI,
84.84%–94.96%), respectively. The details are shown in
Table 3 and Figure 6.

Table 3. The C measurements of Benign and Malignant Nodules

Lesion Max Min Mean � SD P Value Cutoff AUC SEN SPE LR+ LR–

Cmean Benign 5.56 1.54 2.66 � 0.07 .0001 3.14 84.49% 81.25% 77.95% 3.69 0.24

Maligant 5.89 2.66 3.65 � 0.14

Cmax Benign 10.77 1.94 4.71 � 0.17 .0001 6.84 91.24% 84.38% 87.40% 6.70 0.18

Maligant 11.54 4.34 8.50 � 0.35

Cmin Benign 3.27 0.10 1.39 � 0.04 .117 … … … … … …

Maligant 2.98 0.00 1.09 � 0.14

Csd Benign 1.66 0.14 0.60 � 0.03 .0001 0.87 89.90% 84.38% 81.89% 4.66 0.19

Maligant 1.88 0.55 1.16 � 0.06

AUC indicates area under the receiver operating characteristic curve; LR–, negative likelihood ratio; LR+, positive likelihood ratio; Sen, sensi-

tivity; and Spe, specificity.

Figure 6. Distribution of Cmean, Cmax, and Csd between malignant

and benign breast lesions.
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Pooled E, G, and C Measurements of Benign and
Malignant Masses
We combined the 9 parameters for E, G, and C using
the Midas module of Stata 14.0, equipped with the
bivariate mixed-effects regression model developed by
van Houwelinge and modified for the synthesis of
diagnostic test data,12,13 to pool the statistical indexes
and draw statistical graphs. The P-Sen, P-Spe, PLR+,
PLR–, and DORs with corresponding 95% CIs and
areas under the summary ROC curves were used to
examine the diagnostic accuracy. As shown in
Figure 8 A and B, significant heterogeneity was
detected in P-Sen (I2 = 0%, Q = 1.31) and P-Spe
(I2 = 0.00%, Q = 5.64). The P-Sen, P-Spe, PLR+,
PLR–, DORs, and areas under the summary ROC
curves were 84% (95% CI, 79%–88%), 82% (95% CI,
80%–84%), 4.75 (95% CI, 4.15–5.43), 0.20 (95% CI,
0.15–0.25), 3.19 (95% CI, 2.84–3.54), and 90.2%
(95% CI, 87%–92%), respectively (Table 4 and Fig-
ures 7 and 8).

Figure 7. Pooled Sen (A), Spe (B), LR+ (C), LR– (D), DOR (E), and OR (F) of EI, Gmax, Gmean, and Gsd with 95% CIs. CIs indicates confi-

dence intervals; DOR, diagnostic odds ratio; LR–, negative likelihood ratio; LR+, positive likelihood ratio; Sen, sensitivity; and Spe,

specificity.

Figure 8. Summary receiver operating characteristic curves of EI,

Gmax, Gmean, and Gsd with 95% CIs. CIs indicates confidence

intervals.
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Discussion

Generally, BC tissues are harder than surrounding nor-
mal breast tissues. This property enables several examina-
tions, for example, palpation, which is widely used as a
part of the clinical appraisal of irregularities in the breast,
and elastography. The theory underlying elastography is
that tissue pressure produces strain (dislodging) inside
the tissue and that the strain is smaller in harder tissues
than in softer tissues. Thus, by estimating the tissue strain
using pressure, we can evaluate tissue hardness, which
might be helpful for diagnosing BC.14 Invasive BC
masses are stiffer than normal tissues or benign masses15

and often present larger areas of stiffness on ultrasound
images.14,16

During the invasive growth of BC, internal necro-
sis is often accompanied by changes in shear wave
elasticity. This is called the “stiff rim” sign, consistent
with relevant reports.17 An increase in the stiffness of
surrounding tissues may indicate that cancer cells
have invaded these tissues surrounding the tumor.14

Studies have shown that cancer cell infiltration
around the tumor is an independent prognostic factor
for predicting tumor recurrence and patient death.18

Elastography, including strain imaging, acoustic radi-
ation force impulse (ARFI) imaging and SWE, has been
recognized as a useful technique for evaluating breast
masses and assesses stiffness to provide color images and
digital data.19 For the strain elasticity score, an optimal
cutoff value between 3 and 4 was used, and the Sen and
Spe of elastography were 86.5% and 89.8%, respec-
tively.14 By selecting a lesion cutoff value of 3.31 m/s on
ARFI images, Ianculescu et al20 obtained 80.4% Sen and
73% Spe. For SWE, the optimal cutoff of the mean shear
wave elasticity was 80.17 kPa, and the Sen and Spe were
88.8% and 84.9%, respectively.21

Some published meta-analyses have evaluated the
stiffness of breast masses using strain, ARFI, and
SWE. Sadigh et al22 performed a systematic review of

the strain ratio and length ratio for differentiating
malignant and benign breast masses. Nine studies
with 2087 breast masses (667 BC masses) were
included, and the P-Sen, P-Spe, PLR+, and PLR–
were 88% (95% CI, 84%–91%), 83% (95% CI, 78%–
88%), 5.57 (95% CI, 3.85–8.01), and 0.14 (95% CI,
0.09–0.20), respectively. Another systematic review23

evaluated the diagnostic efficacy of ARFI. A total of
15 studies were included, which contained 1873
breast masses (743 BC masses). The P-Sen and P-
Spe for Virtual Touch Imaging were 91.3% (95% CI,
77.9%–96.9%) and 87.1% (95% CI, 77.3%–93.0%),
respectively. The P-Sen and P-Spe for Virtual Touch
Quantification were 84.9% (95% CI, 80.5%–88.4%)
and 88.9% (95% CI, 77.1%–95.0%), respectively, and
for pooled Virtual Touch Imaging and Virtual Touch
Quantification, the P-Sen and P-Spe were 93.5%
(95% CI, 89.2%–96.1%) and 88.1% (95% CI, 81.8%–
92.4%), respectively. Another systematic review of
SWE24 included 33 studies, with a total of 5838
masses (2093 BC masses). The P-Sen and P-Spe
were 88.6% (95% CI, 85.8%–90.9%) and 86.6% (95%
CI, 83.3%–89.4%), respectively.

STE is a novel elastography technique that can
provide E (including Emax, Emean, Emin, and Esd), C
(including Cmax, Cmean, Cmin, and Csd) and G
(including Gmax, Gmean, Gmin, and Gsd) data, as well
as the strain ratio using the same ultrasound equip-
ment. The inversion algorithm of the 3 parameters is
based on the shear wave propagation equation in iso-
tropic, homogeneous solids25–27 as follows: G =
ρ*C2 and E = 3*ρ*C2, where G is the shear modu-
lus, E is the Young’s modulus, C is the shear wave
velocity, and ρ is the density. This equation can be
extended to cases of heterogeneous media in which
the variations in G are minimal, for example, in the
human body, where the tissues are different. How-
ever, considering the difference in the viscosity coeffi-
cient of human tissues, there is some relative

Table 4. The Statistical Results of Benign and Malignant Lesions

Parameters Emean Emax Esd Gmean Gmax Gsd Cmean Cmax Csd

TP 26 27 28 26 27 28 26 27 27

FP 25 20 22 26 20 22 28 16 23

FN 6 5 4 6 5 4 6 5 5

TN 102 107 105 101 107 105 99 111 104

FN indicates false-negative; FP, false-positive, TN, true-negative; and TP, true-positive.
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inaccuracy in the conversion process, and the equa-
tions change to G ≈ ρ*C2, E ≈ 3*ρ*C2, and
E ≈ 3*G. Therefore, in this retrospective study, we
evaluated these parameters separately. The sequence
of these parameters for distinguishing benign and
malignant breast masses is as follows: Gmax > Emax >
Cmax > Csd > Esd > Gsd > Emean > Gmean > Cmean.
These parameters showed the value of screening BCs.
To know the value when using these parameters
together, we combined these parameters, and the P-
Sen, P-Spe, PLR+, and PLR– were 84% (95% CI,
79%–88%), 82% (95% CI, 80%–84%), 4.75 (95% CI,
4.15–5.43) and 0.20 (95% CI, 0.15–0.25), respectively
(Figure 8). The combined parameters also showed
the clinical value of evaluating BCs. These results are
similar to those of previous studies on elastography.

Our study has some limitations. First, this is a ret-
rospective research, and the size of the patient sample
small. Second, the STE technique also provides infor-
mation on the periphery surrounding the ROI, due to
the limitation in layout. Nevertheless, we will con-
tinue our analysis in subsequent papers, because this
information is still valuable. Third, different elastogra-
phy systems from different manufacturers may result
in differences in values and thus need standardization.

Conclusion

This study investigates the value of STE technology
for screening breast masses. We compared single and
combined parameters and concluded that STE could
provide both elastography images and large amounts
of data, including E, G, and C, and due to the high
Sen, Spe, LR+, LR–, and AUCs, STE can be used a
tool to evaluate benign and malignant breast masses.
In the future, we will do further study to generate a
more exhaustive and practical diagnostic report.
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