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Abstract: The aim of this study was to evaluate the diagnostic performance of shear wave elastography by acoustic radiation
force impulse (ARFI) elastography in differentiating malignant and benign breast Lesions in comparison with strain
elastography and B mode ultrasound. This was prospective study, we used the commercially available eSie touch elastography
imaging. In the shear wave elastography (SWE) we had two modes, the virtual touch imaging (VTI) with interpretation with
the 5 points elasticity score and virtual touch quantification (VTQ) technique with the calculation of the Shear wave velocity
(SWV). The study included 142 solid breast masses, of them 75 (52.8%) were benign and 67 (47.2%) were malignant. The
mean shear wave velocity differed significantly between the benign and malignant groups (2.4+1.3m/sec and 7.3+2.2m/sec
respectively, P value <0.0001). the sensitivity, specificity, PPV, NPV and accuracy of strain (eSie touch) elastography score
was 83.1%, 88.73%, 88.06%, 84% and 85.92% respectively, which was less than the elastography score by ARFI (92.42%,
92.11%, 91.04%, 93.33% and 92.25% respectively) and less than the VTQ (SWV) which was 94.03%, 95.95%, 95.45% and
95.04% respectively. We concluded that Both the SWE and SE elastography showed significant difference between the benign
and malignant masses, and both has added value above B mode ultrasound during routine examination. Shear wave
elastography had higher sensitivity and specificity than SE, and less false negative and false positive results. The quantitative
SWE (SWV) had the highest diagnostic performance among the different studied techniques.
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elastography techniques used in breast imaging are strain or

1. Introduction

Among Egyptian females, breast cancer is the most
common cancer in all regions, with estimated incidence rate
of 26.8%-38.7% of all female cancers [1]. Worldwide,
458000 women die every year because of cancer breast [2].
Successful treatment and improvement of 5 year survival
depends on early detection. Mammography and ultrasound
are the usual screening techniques, but mammography is not
accurate in dense breasts [3] and B mode ultrasound has low
specificity [4, 5].

Elastography, a relatively new technique measuring the
tissue stiffness similar to clinical palpation, is presumed to
increase the specificity of the ultrasound [6, 7]. Two

free hand elastography and shear wave elastography. The
strain elastography measures the relative tissue displacement
under compression. The strain elastography depends on
external compression, making the technique operator
dependent, non reproducible and with considerable inter-
observer variability [8, 9].

The shear wave elastography (SWE) depends on the
generation of transversely oriented shear waves by acoustic
radiation force impulse (ARFI), and measuring the speed of
propagation of waves to generate the shear wave velocity
(SWV) [10, 11]. The shear wave elastography is not operator
dependent, reproducible and with less interobserver variation
[12, 13]. The ARFI incorporates two modes: a quantitative
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mode called Virtual touch tissue quantification (VTQ) which
calcaulates the SWV within a region of interest (ROI). The
stiffer the tissue, the higher will be the SWV. The other mode
is the qualitative mode, called virtual touch tissue imaging
(VTI) which creates a static map or elastogram, The stiffer
the tissue, the darker the mass [14]. Though the SWE is a
reliable technique, still some errors may affect its accuracy,
like excessive compression, misplacement of the region of
interest, and movement [15, 16]. Also, the tumor may have
internal heterogeneity with different elasticity regions [17].

Previous studies reported the accuracy of strain
elastography and shear wave elastography in differentiation
between benign and malignant breast lesions [18-22].

Both strain elastography and shear wave elastography has
their own drawbacks which may lead to false positive and
false negative results, and other factors like skin thickness,
heterogeneity of the lesion, and the histologic type may affect
one technique more than the other.

The aim of this study was to evaluate the diagnostic
performance of ARFI elastography in differentiating
malignant and benign breast Lesions in comparison with
strain elastography and B mode ultrasound.

2. Patients and Methods
2.1. Patients

This prospective study was conducted from October
2017 to February 2019. The study included 142 patients.
The inclusion criteria was: 1-patients with solid soft tissue
mass by palpation and ultrasound. 2- Available
mammography, full ultrasound data, and elastographic
findings. 3- Available final pathological diagnosis. The
Exclusion criteria was: 1- patients with breast cysts or
breast abscesses. 2- Previous chemotherapy or
radiotherapy. 3- Patients with no histopathological
examination. 4-Patients with multiple masses because of
difficulty in correlating pathological results with
ultrasound results. Informed consent was obtained from all
patients.

At the end of the study, data of 143 lesions were available
from 143 patients, mean age + SD = 49 + 5.3years, range 22-
69 years.

Mammography was available for all patients, The breast
tissue density was classified according to American College
of Radiology’s BI-RADS category [23].

Of the 142 lesions, 67 (47.2%) were malignant and 75
(52.8%) were benign.

2.2. Ultrasound Machine

All patients underwent a sonographic examination using a
Siemens ACUSON S3000 diagnostic ultrasound system
(Siemens Medical Solutions, Erlangen, Germany). A
Siemens 914 linear probe with a frequency range of 4-9
MHz was used in conventional ultrasonographic, color
Doppler, and elastographic examinations.

2.3. B Mode Ultrasound

At first, B mode ultrasound was performed on both sides
with the patient in the supine position and her arm under
head, Using a radial scanning pattern, both breasts were
examined systematically. The lesions were identified and
documented by B mode picture in two planes. Each lesion
was assigned a BI-RADS category according to ACR
guidelines including shape, echo pattern, margin, orientation,
and posterior acoustic features. The lesions were categorized
as 1- BI-RADS 3: Probably benign. 2- BI-RADS 4a: Low
suspicious of malignancy. 3-BI-RADS 4b: suspicious
malignancy. 4-BI-RADS 4c: high suspicious of malignancy.
5-BI-RADS 5: high suspicious of malignancy.

The axillary lymph nodes was assessed for the size, shape,
short axis diameter, hilum, presence of degeneration or
calcification and the type of vascularity.

2.4. Strain Elastography (SE)

For strain elastography, we wused the commercially
available eSie touch elastography imaging provided by
Siemens. It is a free hand technique. Elastograms either
presented in black and white mode or color mode. In the
black and white mode the stiff tissues are dark and soft tissue
are white, In color mode, hard lesions appear red and soft
lesions appear blue, with color mode can be inversed. The
target lesion was lightly compressed by the transducer. The
region of interest included subcutaneous fat and pectoralis
muscle. We used the black and white and the color mode in
all cases, with the scale adjust that the blue represent no
strain (hardest tissue).

The evaluation of elasticity score according to the
classification proposed by Itoh et al [24]. Score 1 indicated even
strain for the entire lesion, score 2 indicated strain in most of the
lesion with small strain free areas, score 3 indicated strain in the
periphery of the lesion sparing its center, score 4 when the entire
lesion show no strain, and score 5 when no strain in the lesion
and surrounding structures.

Strain elastography was also applied for the axillary lymph
nodes if enlarged and assessed in the same manner

2.5. Shear Wave Elastography (SWE)

The probe was placed gently on the skin, with no pressure.
The probe was kept still and the patient was asked to stop
breathing during acquisition of SWV or the VTI.

In VTO mode, the ROI was placed within the mass,
avoiding areas of cystic changes and areas of calcification.
The ROI had fixed size 5x5mm. Five SWV values were
obtained from the mass, and the median value was
calculated. Numeric SWV was displayed on the image.
According to the manufacturer the SWV range 0-9m/sec.
Velocities outside the range are displayed as X.XX m/sec. In
this study we used the SWV of 3.4 m/sec as the cut-off value
between benign and malignant masses, which was suggested
by Kim et al [24]. The lesions were classified into lesions
with SWV > 3.4 m/sec, lesions with SWV < 3.4m/sec and
lesions with SWV X. XX m/sec (Figure 1).
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Figure 1. Patient aged 42 years with palpable breast lump. B mode ultrasound shows a large well defined markedly hypoechoic soft tissue mass measuring 3.8
x 3.2cm, with irregular outline which was classified as BIRADS 4b. Fig 1B & C: ARFQ, with SWV in the mass reported as X.XX (representing hard mass. The
two measures was taken at different depths. (D) ARFI: shows type 4 elastogram with most of the mass displayed as red colored. (E) ARFI: with black and
white mode, most of the mass displayed as dark. (F) Strain elastogram (eSie touch elastogram). The mass classified as type 4 elastogram. (G) ARFQ of
axillary lymph node: SWV within the lymph node was X. XX (hard). Histopathological diagnosis: Invasive ductal carcinoma.
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Figure 2. Patient aged 34 years with palpable breast lump. B mode ultrasound shows a large well defined hypoechoic bilobed soft tissue mass measuring 4.2 x
1.9cm, with lobulated outline which was classified as BIRADS 4a. Figure 1B & C: ARFQ, with SWV in the mass reported as 0.97 m/sec and 1.09m/sec
(representing soft mass. The two measures was taken at different depths. (D) ARFI: shows type 2-3 elastogram with most of the mass displayed as green
colored. (E) ARFI: with black and white mode, most of the mass displayed as gray. (F) Strain elastogram (eSie touch elastogram). The mass classified as type
2 elastogram. (G) ARFQ of axillary lymph node: SWV within the lymph node was 1.26 (soft). Histopathological diagnosis: Fibroadenoma.

In VTI mode, the ROI was placed to include the mass and
surrounding apparently normal breast tissue. Also, the score
used was the score suggested by Itoh et al [25]. The ARFI
image was displayed as color image. A score of 1 displayed
as homogenous color throughout the lesion with no red color,
score of 2 displayed as mosaic pattern with red colon and
other colors (Figure 2), score of 3 displayed as red color only
in the central part, score of 4 displayed as entire lesion red
colored, and score of 5 displayed as the lesion and
surrounding structures were red colored. Lesions with score
1-3 are considered benign and lesions with score 4 or 5 were
classified as probably malignant.

Both the quantitative and qualitative techniques were
applied to the enlarged axillary lymph nodes.

2.6. Pathologic Examinations

Each breast lesion was diagnosed pathologically by radical
surgery (42/142, 29.5%), excision biopsy (74/142, 52.1%), or
core needle biopsy (26/157, 18.3%).

2.7. Statistical Analysis

Data were expressed as mean + standard deviation. All
statistical analyses was performed using SSPS 17.0 (Chicago,
USA). The Mann—Whitney U test was used to compare the
median between two groups. The sensitivity, specificity,
accuracy, positive predictive value (PPV), and negative
predictive value (NPV) were calculated for imaging methods
by comparing the presumed diagnosis with the final
diagnosis. p-values < 0.05 were considered statistically
significant

3. Results

3.1. Pathological Diagnosis

The study included 142 solid breast mass, of them 75
(52.8%) were benign and 67 (47.2%) were malignant. The
pathological diagnosis is of all lesions is shown in Table 1.
The most common benign tumor was fibroadenoma (82.6%),
and the most common malignant tumor was invasive ductal
carcinoma (77.6%). The mean age for patients in the benign
group was 23.5 + 7.2years, while the main age in the
malignant group was 47.5 + 6.1 years with statistically
significant difference (P = 0.01).

Table 1. Pathologic diagnosis in 142 patients with solid breasr masses.

Pathologic diagnosis No %
Benign (75)

Fibroadenoma 62 82.6%
Papilloma 4 53 %
Fibro-lipoma 3 4.0 %
Scarring/fibrosis 5 6.6%
Malignant (67)

Invasive ductal carcinoma 52 77.6%
Invasive papillary carcinoma 9 13.4%
Invasive lobular carcinoma 6 9.0%

3.2. B Mode Ultrasound

Most benign lesions was classified sonographically as
BIRADS type 3 (61/75, 81.3%) and only 14/75 (18.7%) was
classified as BIRADS 4 or 5 (Table 2). On the other hand
most malignant masses was classified sonographically as
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BIRADS 4 or 5 (59/67, 88.1%). The difference was

statistically significant (P value < 0.001).

Table 2. The mean age, tumor size SWV, elstography score, and type of ultrasound based BIRAD classification in the studied group.

Benign Malignant P Value
Age (Years) 23.5+7.2 47.5+6.1 0.01
BIRAD
Type 3 61 8
Type 4 9 34 <0.001
Type 5 5 25
Tumor size
<lcm 37 27
1-2cm 14 19 0.71
>2cm 24 21
Mean SWV (m/sec) 2.4+1.3m/sec 7.3+2.2m/sec <0.0001
Mean elastography score (eSie touch) 2.28 4.01 0.01
Mean elastography score (AFRI) 2.04 3.80 0.001

3.3. Shear Wave Elastography and Strain Elastography

In the current study, the SWV of the lesions were
classified as < 3.4m/sec, > 3.4m/sec and X.XXm/sec. For
statistical purposes, we considered the value X.XX as 9.1
m/sec. The mean shear wave velocity differed significantly
(P value < 0.0001) between the benign and malignant groups
(2.4 + 1.3m/sec and 7.3 + 2.2m/sec respectively).

In the current study, we recorded the elastography score by
strain elastography and shear wave elastography (VTI). The
elastography score was higher in malignant masses than
benign masses in both techniques, with the elastography

score tended to be higher with strain technique than shear
wave technique (Table 2). The mean score in the malignant
group was 4.01 with strain technique and 3.8 with the VTI
technique. In the benign group the mean elastography score
was 2.28 and 2.04 respectively. We compared the
elastography score using the two techniques in the benign
and malignant groups, and the difference was statistically
insignificant (table 3). Using the VTI (shear wave) technique
there was 5 false positive cases and 6 false negative cases
among the studied group, while using the stain elatsography
score, there was 12 cases false positive (figure 3), and 8 cases
false negative (table 3).

Table 3. Comparison between elasticity score by strain (free hand) technique and ARFI in breast masses.

Free hand eSie elasticity score Benign (75) Malignant (67)  ARFI elasticity score  Benign (75) Malignant (67) P value
1 20 0 1 22 0

2 31 0 2 35 0

3 12 8 3 13 6 0.071

4 7 35 4 3 34

5 5 24 5 2 27

Figure 3. Patient aged 23 years with palpable breast lump. B mode ultrasound shows a large well defined smooth soft tissue mass measuring 3.5 x 1.8cm, with
smooth outline which was classified as BIRADS 3. Figure I1B: SWV in the mass 1.89 m/sec (representing soft mass. (c) Strain elastogram (eSie touch
elastogram). The mass classified as type 4 elastogram (false positive). Histopathological diagnosis: fibroadenoma.
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Figure 4. Patient aged 64 years with palpable breast lump. B mode ultrasound shows a large well defined markedly hypoechoic soft tissue mass, with
irregular outline which was classified as BIRADS 4c. Figure 4 B: ARFQ, with SWV in the mass reported as X XX (representing hard mass. (C) ARFI: with
black and white mode, most of the mass displayed as dark. (F) Strain elastogram (eSie touch elastogram). The mass classified as type 5 elastogram.
Histopathological diagnosis: Invasive Lobular carcinoma.

Most of the malignant masses reported SWV of X. XX m/sec (49/67, 73.1%), and there was 3 false negative cases with SWV
< 3.4m/sec (figure 4, 5). On the other hand, most benign masses reported velocity < 3.4m.sec (94.6%), with five cases of false
positive diagnosis (table 4).
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Figure 5. Patient aged 27 years with palpable breast lump. B mode ultrasound shows a a well defined smooth soft tissue mass measuring 4.2 x 1.9cm, which
was classified as BIRADS 3. Figure: ARFQ, with SWV in the mass reported as 1.93 m/sec (representing soft mass. (D) ARFI: shows type 1 elastogram with
most of the entire mass displayed as green colored. (E) ARFI: with black and white mode, the mass displayed as white. (F) Strain elastogram (eSie touch
elastogram). The mass classified as type 4elastogram (false positive). Histopathological diagnosis: Fibroadenoma.
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Table 4. Distribution of SWV between benign and malignant groups.

SWv Benign (75) Malignant (67) P value
< 3.4m/sec 71 3

> 3.4m/sec 4 15 0.01

X. XXm/sec 1 49

In general, the reported sensitivity, specificity, PPV, NPV
and accuracy of strain (eSie touch) elastography score was
83.1%, 88.73%, 88.06%, 84% and 85.92% respectively,
which was less than the elastography score by ARFI

(92.42%, 92.11%, 91.04%, 93.33% and 92.25% respectively)
and less than the VTQ (SWV) which was 94.03%, 95.95%,
95.45% and 95.04% respectively. (Table 5).

Table 5. Diagnostic performance of strain elastography score, ARFI score, SWV and B mode ultrasound in differentiation between benign and malignant

breast masses.

Sensitivity Specificity PPV NPV Accuracy
eSie Touch free hand elasticity score 83.10% 88.73% 88.06% 84.00% 85.92%
ARFI elasticity score 92.42% 92.11% 91.04% 93.33% 92.25%
VTQ (SWV) 94.03% 95.95% 95.45% 94.67% 95.04%
B mode Ultrasound 80.82% 88.41% 88.06% 81.33% 84.51%

3.4. Axillary Lymph Nodes

In the current study, we used the same techniques in
differentiation between benign and malignant axillary lymph
nodes. We had the pathological results of 127 lymph nodes
(83 malignant and 45 benign lymph nodes). Using SWV less

than 6m/sec as cut off value between benign and malignant
node, we had 28 false negative and 6 false positive results
(table 6). Also, the elatography score with ARFI had 10 false
negative results and 5 false positive results and using the
strain elastography score, we had 13 false negative results
and 10 false positive results (Table 7).

Table 6. Distribution of SWV among benign and malignant axillary lymph nodes.

SWv Benign (45) Malignant (83) P value
< 6m/sec 39 28

> 6m/sec 3 37 0.01

X. XX + m/sec 3 18

Table 7. Comparison between elasticity score by free hand technique and ARFI in axillary lymph nodes encountered in the study.

Free hand eSie elasticity score Benign (45) Malignant (83)  ARFI elasticity score Benign (45) Malignant (83) P value
1 11 0 1 12 0

2 18 0 2 20 0

3 6 13 3 10 0.05

4 6 35 4 3 37

5 4 35 5 36

In general, the accuracy of all the three techniques in differentiation between benign and malignant axillary lymph nodes
was less than the acuuracy in differentiation between benign and malignant breast masses (Table 8).

Table 8. Diagnostic performance of strain elastography score, ARFI score and SWV in differentiation between benign and malignant axillary lymph nodes.

Sensitivity Specificity PPV NPV Accuracy
eSie Touch free hand elasticity score 87.50% 72.92 % 84.34% 77.78 % 82.03%
ARFI elasticity score 87.95% 88.89 % 93.59% 80.00 % 88.28%
VTQ (SWV) 66.27% 89.09% 90.16% 63.64 % 75.36%

4. Discussion

In the last two decades, elastography has emerged as an
important research field. It has been studied to assess the
tissue stiffness with potential valuable impact on the
diagnosis.

In this study, quantitative SWE had the highest sensitivity,

specificity and accuracy, compared to qualitative SWE, strain
elastography and B mode ultrasound. In the current study,
there was statistically significant difference in the three
studied elastography techniques between the benign and
malignant masses, with the malignant masses had higher
SWYV, ARFI mean elastography score and free hand mean
elastography score than benign masses. Our results are
similar to several previous studies [4, 20, 21, 26].
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Figure 6. B mode ultrasound: (4) A well defined rounded solid soft tissue mass in a retro-areolar duct. (B) VTQ: The shear wave velocity of the mass was 3.34

m/sec. Diagnosis: Intraductal papilloma.

In the current study, the mean SWV in the benign masses
was 2.4+1.3m/sec (figure 6) which is significantly lower than
the mean SWV in the malignant masses 7.3 + 2.2m/sec, P
value < 0.001. Our results are close to those of Jayaraman et
al, who reported average shear wave velocity (SWV) of
benign lesions to be 2.08 m/s and that of the malignant
lesions was 6.28 m/s [27]. Also Tozaki et al, found the mean
shear wave velocity was significantly higher in malignant
lesions (4.49m/sec) than in benign lesions (2.68 m/s).

In VTI mode, we found the mean elasticity score for
malignant masses to be significantly higher than benign
masses. Our results are in agreement with previous studies
using the same 5 point scoring system [18, 24, 28, 29].

In the current study the SWV of most malignant masses
(49/67, 73.1%) was expressed as X.XX m/sec. According
to manufacturer, SWV are expressed between 0 m/sec and
9.00 m/sec and velocities outside this range is expressed
as X.XX. Only one benign case had the velocity expressed
as X.XX m/sec. The reason for appearance of the
expression X.XX m/sec may be due to very hard masses
with velocities >9.00m/sec, presence of markedly
heterogeneous tissue with absorption of ultrasound energy
and the refraction of oblique waves at interfaces between
tissues of different SWVs [27, 30]. In general, the system
cannot measures SWV when the tissue does not vibrate
enough [16].

In the literature, the cut off value used to discriminate
between benign and malignant masses vary from 2.2m/sec
to 4.5 m/sec [27, 30, 31]. In the current study we used
3.4m/sec which was suggested by Kim et al [24], and close
to that of Tozaki et al [30], who used a cut off value of
3.6m/sec and reported a sensitivity of 91% and specificity
of 80.6% in discrimination between benign and malignant
masses. In the current study SWV (VTQ) had a sensitivity
of 94.03%, specificity 95.95%, PPV of 95.67%, NPV
94.67% and accuracy of 95.04%. The excellent diagnostic
performance of SWV is higher than the reported
performance in the literature. The cause of this is that we
considered the expression X.XX m/sec as very hard mass,
and considered it 9.1m/sec in the mean value calculation.
Bai et al [13] in a study included 143 patients reported
sensitivity of 75.6% and 95.1% of SWV in differentiation
between benign and malignant masses, however they

reported that in 63.4% of malignant lesions, it was not
possible to measures the SWV. Also, Tozaki et al [27] in a
study included 50 patients found in 23.5% of the patients
with malignant masses that it is not possible to measure the
SWV. We suggest that the appearance of X.XX m/sec
expression persistently after several measures should be
considered hard mass.

Of the three studied elastographic techniques, the strain
elastogram (free hand elastography) showed the least
diagnostic performance, with sensitivity of 83.10%,
specificity of 88.73%, PPV of 88.06%, NPV 84.00% and
overall accuracy of 85.92%. Previous studies reported
sensitivity of 80-100% and specificity 80-95% of SE in
differentiation between benign and malignant breast masses
[18, 32-37].

Our results are not in agreement with those of Chang et al
[38], who reported similar diagnostic performance of shear
wave elastography and strain elastography in a study
included 150 patients. However he found discrepant results
between the two techniques in some cases, and he found the
SWE to have higher sensitivity and the strain elastography to
have higher specificity. In our study, we found SWE to have
higher both sensitivity and specificity. The difference
between our results may be due to we used different
ultrasound equipments. Also they included in their study a
cohort of women with small breasts, in our study we included
mostly females with moderate or large breasts which is
known technical limitation of strain elastography. There may
be different reasons for the discrepancy between the SWE
and SE in the same patient. First, the two techniques differ in
forces being measured and the images produced. Second,
technical errors may affect one elastographic technique than
the other, with the use of suboptimal technique may affect the
results. High inter and intra-observer variability was reported
in SE because of the variability of degree of compression [9].
On the other hand false positive results may be reported in
SWE because of pre-compression of the tissues resulting in
increased SWV [16, 39]. Third, mal-placement of the ROI
due to breathing movement, slipping of the probe during data
acquisition may lead to false or false negative results in both
techniques [20, 40].

Using the VTQ, though the most accurate technique in
our study, we had 3 false negative results and 5 false
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positive results. The VTI we had 6 positive negative results
and 5 false positive results. The free hand elastography had
8 false positive results and 12 false negative results. The
false positive results is due to non deformable
fibroadenoma or due to presence of excessive fibrosis [12].
On the other hand, false negative results seen with highly
deformable cancer like mucinous carcinoma or cancer with
inflammatory changes [12], deep lesions [10], or with dense
breasts [9].

Seo et al, in a study included 37 patients, found similar
diagnostic performance of shear wave elastography and strain
elastography in differentiation between benign and malignant
breast masses, and the combination between the two
techniques yielded a higher diagnostic performance. Their
results are not in agreement with the current study probably
because of the relatively small number of patients in their
study [41]. On the other hand Fujioka et al, in a recent study
found better diagnostic performance of SWE than SE similar
to our results, but they found similar diagnostic performance of
quantitative and qualitative techniques [42]. In the current
study, we found better diagnostic performance of the
quantitative than qualitative techniques.

Silva et al [43], in a study on 100 bitches with mammary
neoplasms reported high diagnostyic performance (100%
sensitivity & 94% specificity) of ARFI in differentiation
between benign and malignant lymph nodes. In the current
study, all the three elastographic techniques had lower
diagnostic performance than their performance in diagnosis
of breast masses. The SWV even had the lowest sensitivity
and accuracy compared to the other two techniques. Our
results are in agreement with the previous study of Choi et al
[44] who reported sensitivity 80.7% and specificity 66.7% of
free hand elastography in differentiation between benign and
malignant axillary lymph nodes. Also, no study studied the
possibility of the presence of axillary lymph node micro-
metastasis.

There were limitations to this study. First, only one type of
equipment was used and the results might vary between
different machines. Second, only core biopsy was obtained
from some benign cases without excision biopsy, with the
reported false negative of about 3%, our results may be
affected slightly. Third, due to the fixed size of the ROI, very
small lesions < 5Smm couldn't be included in the study.
Fourth, we did not consider the lesion size or the effect of
site of measurement on the final results.

5. Conclusion

Both the SWE and SE elastography showed significant
difference between the benign and malignant masses, and
both has added value above B mode ultrasound during
routine examination. Shear wave elastography had higher
sensitivity and specificity than SE, and less false negative
and false positive results. The quantitative SWE (SWV) had
the highest diagnostic performance among the different
studied techniques.
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