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Abstract

Breast cancer is the most common cancer in Polish women and the second leading cause of cancer deaths. Screening mam-
mography is the only recognized method for early detection of malignant neoplasm and provides to reduction in cancer related 
deaths so far. The sensitivity of this examination is strongly influenced by the structure of the breast and is definitely lower for 
breasts of type 2 and 3 in accordance to American College of Radiology. That is why it is suggested that women younger than 35 
years should be examined with ultrasound if necessary, and for women 35 years and older it is recommended to perform mam-
mography, as the primary breast study. Ultrasound elastography is noninvasive imaging technique which can contribute to in-
crease the sensitivity and specificity of recognition breast lesions. There are two main types of elastography: static and shear wave 
one. According to tissue stiffness, static elastography encodes lesions using a 5-point color scale – the Tsukuba University Score.  
Improvements in the interpretation of non-invasive examinations with using ultrasound elastography were discussed. It is con-
sidered that addition ultrasound elastography to ultrasound B-mode can play an important role in verification focal lesions in the 
breast.
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In turn, the specificity of MMG in glandular breasts is 89.1%, 
and in fatty breasts it reaches nearly 97% [4]. Therefore, it is 
suggested that women younger than 35 years should be ex-
amined with ultrasound if necessary, and for women 35 years 
and older is recommended to perform MMG, as the primary 
breast imaging modality [5]. It is necessary to search for new, 
available diagnostic methods that, by increasing the sensitivity 
and specificity of diagnostic tests, will contribute to a decrease 
in the percentage of false negative and false positive results. 
Ultrasound elastography is considered to be such a method.

Ultrasound elastography
Ultrasound elastography (USE) is noninvasive imaging tech-

nique that can be used in medicine to define stiffness of the tis-
sues. USE was introduced in clinical practice in the 1990’s [6]. 
This technique is highly sensitive to tissue structural changes 
resulting from specific pathological or physiological processes 
[7]. Combined with conventional imaging modalities, elastog-
raphy can evaluate the stiffness of breast lesions and potentially 
can help differentiate benign tumor from malignant ones [8]. 
Recent studies have shown that the USE delivers higher image 
quality compared to conventional ultrasound and MMG in the 
diagnosis of breast cancer. Moreover, it contributes to increase 
in the specificity of the examination and thus reduces perform-
ing diagnostic breast biopsy [8]. USE may be divided into two 
main groups depending on the stimulation method and measure-
ments: static elastography and shear wave elastography [9].

IntrodUctIon

Epidemiology
Breast cancer is the most common cancer in Polish women. 

Female breast cancer represents 22% of all new cancer cases in 
Poland. The number of malignant breast tumors has more than 
doubled in the last three decades. The highest increase in risk is ob-
served among women aged 50-69 years. There is also a significant 
tendency to increase in incidence in adult women in premenopausal 
age (20-49 years). In this group of patients, the incidence rate of 
breast cancer was almost 1.7 times higher in the last three decades 
[1]. Breast cancer is the second leading cause of cancer deaths (ap-
proximately 15% of all cancer death) among women [1].

diagnostic methods
Screening mammography is the only recognized method 

for early detection of breast cancer and is associated with  
a reduction in breast cancer deaths across a range of study de-
signs [2]. The sensitivity of mammography (MMG) is strongly 
influenced by the structure of the breast. The American Col-
lege of Radiology (ACR) described four categories of breast 
density: almost entirely fat (>75% fat density), catered fibro-
glandular densities (51-75% fat density), heterogeneously 
dense (51-75% glandular density), extremely dense (>75% 
glandular density) [3]. The sensitivity of MMG is definitely 
lower for breasts of type 2 and 3. The sensitivity of MMG 
in type 1 is 87%, while in very dense breasts only 62.9%.  
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Static (compressive) elastography is a method of imaging 
the displacement of tissues subjected to an external pressure. 
This type of USE is based on compressing the examined lesion 
and assessing its deformation based on changes in ultrasonic 
echoes [10]. It is recommended pressure depth of 1-2 mm 
with a compressing frequency of 1-2 times per second [11].  
The values of strain inversely correlate with tissue stiffness. 
The higher is hardness of the tissue, the lower is its deforma-
tion under compression, and thus the ultrasonographic images 
before and after pressure are similar. On the other hand, the 
soft tissues are more deformed under compression and thus 
pre- and post- compression significantly differ [10]. According 
to tissue stiffness, Itoh et al. proposed encoding tissue changes 
using a 5-point color scale – the Tsukuba University Score [11].

Tsukuba scale of breast neoplastic lesions divided them into 
five grades:
• Grade 1. Benign lesion. Full deformation is present in the 

entire hypoechoic area (Fig. 1).
• Grade 2. Benign lesion. Deformation is present in most of the 

hypoechoic area. A pattern typical of fibroadenomas (Fig. 2).
• Grade 3. Inability to explicitly exclude a malignant lesion.  

Deformation is present only on the edges of the lesion (Fig. 3).
• Grade 4. Suspected malignancy. Deformation is absent in 

the entire hypoechoic area (Fig. 4).
• Grade 5. High probability of a malignant lesion. Deforma-

tion is absent in the entire hypoechoic area of the lesion and 
the surrounding tissues (Fig. 5).

The sensitivity and specificity of the Tsukuba scale are the 
greatest for the cut-off point between benign and malignant 
lesion, which corresponds to a grade of 3/4 of the scale [12]. 
Another type of compressive elastography, used in clinical 
practice, is the examination using the tissue Doppler imaging 
method (TDI). The tissue Doppler imaging method is based 
on measuring of shear velocity of tissue under pressure and 
relaxation [10]. In turn, dynamic elastography is based on tis-
sue deformation under the acoustic radiation force. The basic 

FIGURE 1. Hypoechoic lesion classified as Tsukuba score 1.

FIGURE 2. Hypoechoic lesion with the dimensions 9x6 mm classified as 
Tsukuba score 2.

FIGURE 3. Hypoechoic lesion with the dimensions 5x5 mm classified as 
Tsukuba score 3.

FIGURE 4. Hypoechoic lesion classified as Tsukuba score 4.

FIGURE 5. Hypoechoic lesion classified as Tsukuba score 4.
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and specificity parameters for estimating responses to the sec-
ond and third cycles of NACT were satisfactory. Based on this 
study, it was shown that USE is a reliable and earliest predictor 
of treatment response in patients with LABC. Moreover, sys-
tematic examinations during chemotherapy may help in evalu-
ation the degree of response to preoperative treatment, which 
may help in therapeutic decisions in patients with breast can-
cer [17]. However, it should be noted that USE is not a perfect 
method. The limitation in its application is mainly the size of 
the lesions. The study by Choi (2019) et al. compared the per-
formance of B-mode ultrasound, USE and the combination of 
B-mode ultrasound and USE in breast lesions ≤ 2 cm. Women 
with a total of 428 small focal breast lesions, of which 142 
were histopathologically verified as malignant and 268 were 
benign, were included. The study showed that the addition of 
USE to B-mode ultrasound improve sensitivity and specificity 
in the differentiation of breast tissue changes. However, in the 
case of small changes and carcinoma in situ a tendency to false 
negative results has been shown. In turn, factors such as the 
patient’s older age, short distance to the skin or chest wall cor-
related with false positive results. Despite the diagnostic utility 
of USE in small breast lesions (≤ 2 cm), the lesion size, pathol-
ogy type and location were associated with false results [18].

concLUSIonS

Focal breast tissue changes have various elastic properties, 
which allows the use of elastography to suspect their charac-
ter. The data presented in this review provide information on 
advantages and disadvantages of USE in determining the na-
ture of the lesions. It should be emphasized that USE plays  
an important role in verification tissue changes assessed  
in the B-mode ultrasound examination as BIRADS 3. Conven-
tional B-mode ultrasound is characterized by high sensitivity, 
but lower specificity. The addition USE to ultrasound B-mode  
in common clinical practice improves differentiation the char-
acter of focal lesions in the breasts. 
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parameter of the elastic properties of the tissues is the Young’s 
modulus, which is a physical, objective measurement of the 
stiffness [13].

The studies have shown that USE significantly improves 
the interpretation of non-invasive examinations such as MMG 
and ultrasound. The purpose of the study by Mohey N. et al. 
was to evaluate the value of USE and B-mode ultrasound in 
the differentiating of benign and malignant solid breast tis-
sue changes detected in MMG. A number of 100 patients with 
a total of 114 lesions detected in MMG were enrolled in the 
study. Tissue changes discovered during MMG were catego-
rized into benign or malignant and further verified in USE. 
The diagnostic results of MMG and USE were compared with 
histopathological findings. On the basis of histopathological 
results, 33 out of 114 lesions were malignant, and 81 were be-
nign. Ultrasound elastography, compared to MMG and USG, 
was the most specific modality (95.1%). The accuracy of USE 
(81.7%) was comparable to MMG (82.5%) and was higher 
than in ultrasound (71.9%). Furthermore, a combination of 
USE and B-mode ultrasound had the best sensitivity (90.9%) 
and detection accuracy (93.8%) in the differentiation of solid 
changes in the breast [14]. 

Another study by Fischer T, et al. assessed the possibility 
of improving the differentiation of focal breast tissue changes 
using USE. Based on the evaluation of 201 women with a total 
of 85 benign and 116 malignant lesions it has been shown that 
USE with quantitative SR calculation (SRs) is characterized 
by high sensitivity (95%) and specificity (74%). These val-
ues were significantly higher compared to the classic B-mode 
ultrasound (sensitivity and specificity 85% and 60%, respec-
tively) and MMG (78% and 62%) [15]. 

The aim of the next study was to evaluate the value of USE 
compared to the ultrasound B-mode examination in the dif-
ferentiation of focal breast tissue changes and to determine the 
usefulness diagnostic value of the BIRADS-ultrasound clas-
sification and Tsukuba scale. The examined group included 80 
women with 99 solid focal lesions in the breasts (39 malig-
nant lesions and 60 benign ones). Based on the study, it has 
been shown that combined application of both examinations 
conventional ultrasound and USE, helps in the assessment of 
solid breast tissue changes. In addition, the use of both scales, 
BIRADS-ultrasound and Tsukuba, contributes to the improve-
ment of the sensitivity (87.2%) and specificity (95%) of char-
acter differentiation of focal lesions. In the case of problematic 
tissue changes classified as BIRADS-ultrasound grade 3, the 
verification in USE showed grades 1 and 2 in Tsukuba scale 
and confirmed their benign nature [16].

Another important role of USE is estimation of early re-
sponse to chemotherapy in patients with locally advanced 
breast cancer. Study by Katyan et al. (2019) was performed 
to evaluate role of USE in rating the response to neoadjuvant 
chemotherapy (NACT) in patients with locally advanced 
breast cancer (LABC). The number of 86 women with LABC, 
receiving NACT, were included to the study. USE was per-
formed before each cycle of chemotherapy and before surgery 
by two independent researchers. 

In the USE the changes in elastographic parameters, such 
as size ratio and deformation ratio, were evaluated. The re-
sults were compared to clinical and pathologic tumor response 
assessed after mastectomy. The USE showed high sensitivity 
(97.7%) and moderate specificity (68.7%) in determining the 
response to the first cycle of NACT. In contrast, USE sensitivity  
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