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R E S E A R C H A R T I C L E

The value of elastography strain rate ratio in benign and
malignant BI-RADS-US 3-4 breast masses
Xinping Li , Weixu Sun , and Hongbiao Zhang ∗

In the realm of breast diagnostics, Breast Imaging Reporting and Data System (BI-RADS) serves as a systematic framework, guiding a
methodical exploration into the nuanced narratives of masses. The current study aims to investigate the value of strain rate ratio (SR)
of elastography for benign and malignant breast masses categorized by BI-RADS for Ultrasonography (BI-RADS-US) category 3-4.
Ultrasonographic data of 1099 breast masses that underwent both elastography and pathological examination were retrospectively
analyzed by non-parametric test, consistency analysis, and receiver operating characteristic (ROC) curve sequentially. ROC curve was
used to evaluate the diagnostic effect of the SR method in different BI-RADS categories of breast lesions. The maximum Youden index
obtained from the ROC curve was 0.845. At a cut-off value of 3.57, the SR values’ diagnostic sensitivity, specificity, accuracy, positive
predictive value, and negative predictive value for distinguishing benign and malignant breast lesions were 85.7%, 98.8%, 93.6%,
97.9%, and 91.45%, respectively. Consistency analysis showed that the consistency between SR value and pathological diagnosis was
93.6% (κ = 0.864). In addition, the SR values between benign and malignant lesions of BI-RADS 3 and 4 were statistically different
(P < 0.001). ROC analysis indicated that the diagnostic area under the curve (AUC) for SR value in BI-RADS 3, 4a, 4b, and 4c lesions were
0.985, 0.866, 0.793, and 0.916, respectively. In addition, the study observed 58 cases of missed diagnosis and 20 cases of misdiagnosis
in evaluating benign and malignant breast lesions. The elastic SR ratio method has a good diagnostic value for the evaluation of breast
masses, particularly for lesions with a score of 3-4. The elastic SR ratio method is instrumental in enhancing the accuracy of diagnosis.
Keywords: Ultrasound elastography (UE), breast masses, strain rate ratio (SR), Breast Imaging Reporting and Data System
(BI-RADS) classification, receiver operating characteristic (ROC) curve.

Introduction
Breast cancer is the most common malignant tumor in women
with the highest incidence rate [1]. Nearly one in four women
with malignant tumors worldwide has breast cancer [2]. Breast
cancer has the highest mortality among female malignant
tumors. Currently, there has been a progressive rise in the
prevalence and fatality rates of malignant tumors affecting the
female breast on a global scale [3]. At present, there is still a
lack of primary prevention methods for breast cancer. Early
detection, early diagnosis, and early treatment are the keys to
the prevention and treatment of breast cancer [4].

Ultrasound diagnosis of breast lesions can be performed
according to the size, shape, and boundary of the lesion [5].
In 2003, the American College of Radiology (ACR) proposed
a standardized breast imaging reporting and data system for
ultrasonography (BI-RADS-US) classification system [6]. How-
ever, distinguishing between BI-RADS-US 3 and BI-RADS-
US 4 lesions, especially BI-RADS-US 4a, remains a clinical
challenge [7]. A prospective study by Barr et al. [8] showed
that the malignant rate of BI-RADS 3 lesions was low (0.8%),
with only 0.1% showing suspicious malignant changes after

six months of follow-up. In another retrospective study, 3%
of BI-RADS-US 3 lesions were diagnosed as malignant, result-
ing in delayed cancer diagnosis in many patients [9]. While a
significant number of BI-RADS-US 4a lesions are benign, they
still result in excessive biopsies [7]. Therefore, the prediction
methods of malignant tumors in BI-RADS-US 3 and 4 lesions
should be further explored.

In 1991, American scholar Ophir et al. [10] proposed the
concept of elastography, offering a novel approach for differ-
entiating between benign and malignant breast tumors. The
basic principle of ultrasound elastography (UE) is to apply
stimulation to the tissue. According to the degree of tissue
deformation, the echo signals before and after compression are
converted into real-time ultrasonic images, and qualitative and
quantitative analysis is performed [11]. Strain elastography (SE)
is an effective examination method for the diagnosis of liver
lesions, thyroid cancer, and breast cancer [12, 13]. In 2013, the
revised BI-RADS-US classification system showed that as a fea-
ture of malignant masses, lesion hardness information should
be included in the diagnosis of breast tumors [14]. Studies sug-
gest that SE, providing additional diagnostic information like
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colorimetric maps, aids in evaluating of breast BI-RADS-US 3
lesions. It enables examiners to distinguish observable low-risk
lesions from high-risk ones requiring immediate biopsy due
to increased breast cancer risk [15]. As a semi-parametric
quantitative value, the elastic strain rate ratio (SR) can reduce
the operator’s subjective bias [16]. In recent years, clinical
applications of elastic SR method suggest its high diagnostic
value for breast lesions, although its auxiliary value for BI-
RADS-US classification system remains a topic of debate [17, 18].
This study intends to use SR as a diagnostic auxiliary infor-
mation for BI-RADS-US category 3 or 4 lesions, and to explore
its auxiliary value in evaluating benign and malignant breast
masses.

Materials and methods
Analysis of the research objectives
According to inclusion and exclusion criteria, we collected data
of 938 patients with a total of 1099 lesions from June 2018 to
June 2022 at our hospital. These patients underwent routine
ultrasound and UE. The pathological results of the lesions were
obtained after biopsy or surgical resection. All patients were
female, ranging in age from 14 to 87 years.

Inclusion criteria were as follows: 1) Presence of breast
space-occupying lesions identified through two-dimensional
ultrasound; 2) SE examination and measurement of SR value;
3) Availability of surgical or biopsy pathological diagnosis
results; 4) Provision of signed informed consent.

Exclusion criteria were as follows: 1) Patients with distant
metastasis; 2) History of prosthesis implantation; 3) Pregnant
or lactating women; 4) Patients with comprised heart and lung
function, unsuitable for biopsy; 5) Patients whose SE quality
was insufficient for clear analysis.

Instruments and methods
Strain elasticity imaging examination

The Resona R9T ultrasonic diagnostic instrument, equipped
with a linear array probe operating at a frequency range of
7.5–13 MHz, was utilized in our procedures. Patients were posi-
tioned to fully expose their breasts and bilateral armpits, facili-
tating standardized scanning and elastography analysis. Upon
detection of mass, its two-dimensional image characteristics
were observed and evaluated. We then switched to elastogra-
phy mode, ensuring that the pressure and frequency of applied
pressure remained within the normal range during the pro-
cedure. When the stable elastic image was obtained, the elas-
tic SR was calculated by the instrument. When selecting and
adjusting the region of interest (ROI), it was ensured that the
ROI encompassed the entire lesion, while avoiding the cys-
tic area, thick calcified areas of the lesion, and the thick ves-
sels as much as possible. ROI sampling frame is at least twice
greater than lesion range. When calculating the elastic SR
value, the elastic SR calculated by the ROI where the lesion
is located (denoted as A), and the elastic SR calculated by the
control ROI (denoted as B) were used. The elastic SR value is
determined as B/A, using the same layer of breast gland as a
reference [19].

Image analysis

Picture archiving and communication systems (PACSs)
were used to store image data. After consolidating the
two-dimensional ultrasound and elastography images of all
lesions, two physicians, each with over two years of experience
in elastography examination and more than five years in
conventional ultrasound examination, conducted a unified
evaluation of the BI-RADS-US categories for these lesions.
These physicians obtained a comprehensive joint opinion.
Furthermore, both physicians performed a retrospective
review of the cases, along with a concordance assessment.
The outcomes of this retrospective review were found to
be consistent. Based on this, the lesions of BI-RADS cat-
egories 2–5 were included in the study. The elastic SR is
collected according to the values automatically given by the
instrument.

Pathological diagnosis

Conventional ultrasound was used to observe the location and
size of breast lesions, followed by selection and marking of the
appropriate puncture point. After disinfection of the skin at the
puncture site, 2% lidocaine was administered locally for anes-
thesia. The puncture was then performed under color Doppler
ultrasound guidance. The puncture tissue length for the 16G
Bard’s needle was set to either 15 mm or 22 mm, depending
on the lesion’s size and location. A sampling length of 15 mm
was used if the lesion’s diameter in the needle direction was
less than 15 mm. Conversely, if the diameter of the lesion
exceeded 15 mm and the patient’s glandular layer was thicker,
a 22 mm sampling length was utilized. Ultrasound-guided
puncture was performed to remove the lesion tissue. Each
patient was undergoing 2–3 tissue extractions. The extracted
tissues were immediately placed in 10% formaldehyde for
fixation and further examination. After the puncture pro-
cedure, pressure was applied to the puncture point to stop
bleeding.

Ethical statement
Current study was approved by the Ethics Committee of Yuhang
First People’s Hospital and obtained the ethics committee
approval of biomedical research involving humans.

Statistical analysis
SPSS 22.0 software package (SSPS Inc, Chicago, IL, USA) was
used for statistical analysis. Non-normally distributed variables
were presented as medians (interquartile range [IQR]). The
Mann–Whitney U test was used to compare the median of inde-
pendent sample reduction, and P < 0.05 was considered statis-
tically significant. The receiver operating characteristic (ROC)
curve was constructed, and the Youden’s index was calculated
to obtain the diagnostic boundary point of the SR ratio method.
Taking pathological examination as the gold standard, we calcu-
lated the diagnostic sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy of the SR method
in different BI-RADS category lesions.
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Figure 1. The diagnostic value of strain rate value of UE in benign and malignant tumors. (A) ROC curve of strain rate value of UE in the diagnosis of
benign and malignant tumors; (B) Consistency analysis of strain rate value of UE and pathological diagnosis results. ROC: Receiver operating characteristic;
AUC: Area under the curve; UE: Ultrasound elastography.

Table 1. Comparative analysis of elastic strain rate ratio in
benign and malignant tumors

Lesion type n Strain rate value (IQR)

Malignant 434 7.83 (5.46, 9.69)

Benign 665 2.04 (1.37, 2.69)

Z value −26.10

P value <0.001

IQR: Interquartile range.

Results
Diagnostic value of elastic strain rate ratio (SR) of lesions in
benign and malignant tumors
Pathological diagnosis of 1099 lesions revealed 434 malignant
and 665 benign lesions. The comparative analysis of SR values
in benign and malignant tumors is shown in Table 1. The SR
value of malignant lesions was significantly higher than that
of benign lesions (7.83 [IQR 5.46, 9.69] vs 2.04 [IQR 1.37, 2.69],
P < 0.001). The diagnostic efficacy of SR value in benign and
malignant breast tumors was analyzed by ROC curve. As shown
in Figure 1A, the diagnostic area under the curve (AUC) of the SR
value was 0.965. The Youden’s index was calculated to be 0.845,
and the optimal cut-off value for the SR value was determined to
be 3.57. At this diagnostic threshold, the diagnostic sensitivity,
specificity, accuracy, positive predictive value, and negative
predictive value of SR value in benign and malignant breast
tumors were 85.7%, 98.8%, 93.6%, 97.9%, and 91.4%, respec-
tively. When the cut-off value was set at 3.57, the consistency
between the SR value and the pathological diagnosis was as high
as 93.6% (κ = 0.864, Figure 1B).

Comparative analysis of elastic SR in different BI-RADS
classification lesions
The SR values of different BI-RADS classification lesions are
shown in Table 2. There were 46 cases of BI-RADS 2 lesions.
According to the pathological results, all of the 46 lesions were
benign. In addition, the SR ratio of the two categories of lesions
was 1.36 (IQR 0.76, 1.80), and the SR ratio of all the two cat-
egories of lesions was less than 3.57. In addition, pathological
results showed that 306 (98.7%) benign and 4 (1.3%) malignant
lesions were included in 310 cases of BI-RADS 3 lesions. Com-
pared with benign lesions, the SR values of malignant ones were
significantly higher (P < 0.001). In the group of 604 BI-RADS 4
lesions, 312 (51.7%) were benign and 292 (48.3%) were malig-
nant. The SR values of malignant lesions were significantly
higher than those of benign lesions (All P < 0.001). In addition,
all 138 cases of BI-RADS 5 lesions were malignant, with an SR
value of 10.01 (8.11, 12.50).

The auxiliary diagnostic value of elastic SR ratio in BI-RADS 3
and 4 lesions
The diagnostic efficacy of SR values in BI-RADS 3 and 4 lesions
was analyzed by ROC curves. Among four malignant lesions in
BI-RADS category 3, there were three cases of invasive ductal
carcinoma (SR ratios were 3.74, 3.93, and 4.47, respectively)
and one case of ductal carcinoma in situ (SR ratio was 2.95). As
shown in Table 3 and Figure 2, the AUC of the SR ratio method
for the diagnosis of BI-RADS 3 lesions was 0.985. With a cut-off
value of 2.93, the diagnostic sensitivity of SR value in BI-RADS
3 lesions was 100%, the specificity was 93.8%, and the diag-
nostic accuracy was 93.9%. In BI-RADS category 4 lesions, ROC
curve analysis revealed that the diagnostic AUC of SR value in
BI-RADS category 4a, 4b, and 4c was 0.866, 0.793, and 0.916,
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Table 2. Elastic strain ratio analysis of different BI-RADS category lesions

BI-RADS category Lesion type n Strain rate value (IQR) Z P

Grade 2 Malignant 0 / /

Benign 47 1.36 (0.76, 1.80)

Grade 3 Malignant 4 3.84 (3.15, 4.34) −3.332 <0.001

Benign 306 1.66 (0.99, 2.23)

Grade 4 Malignant 292 6.96 (4.82, 8.63) −18.417 <0.001

Benign 312 2.46 (1.90, 3.02)

Grade 5 Malignant 138 10.01 (8.11, 12.50) /

Benign 0 /

BI-RADS: Breast Imaging Reporting and Data System.

Table 3. Diagnostic efficacy of elastic strain rate ratio in BI-RADS category 3 and 4 lesions

BI-RADS category Cut-off Sensitivity Specificity Positive predictive value Negative predictive value Accuracy AUC

Grade 3 2.93 100.0% 93.8% 17.4% 100.0% 93.9% 0.985

Grade 4a 3.85 58.8% 100.0% 100.0% 96.4% 96.6% 0.866

Grade 4b 3.57 68.7% 99.0% 98.2% 78.7% 84.9% 0.793

Grade 4c 4.43 87.0% 100.0% 100.0% 51.0% 88.6% 0.916

BI-RADS: Breast Imaging Reporting and Data System; AUC: Area under the curve.

respectively. Interestingly, the diagnostic specificity of SR val-
ues in BI-RADS category 4 lesions exceeded 99%, suggesting a
low misdiagnosis rate.

UE and conventional ultrasound images of benign and malig-
nant breast lesions are shown in Figure 3. Among them, the
conventional ultrasound images of benign lesions were ellip-
tical with clear borders and homogeneous internal echoes
(Figure 3A). The SR value for the UE image was 1.32 (Figure 3B).
In addition, conventional ultrasound images of malignant
breast lesions displayed irregular morphology, blurred mar-
gins, and uneven internal echoes (Figure 3C), with a UE image
SR value of 4.47 (Figure 3D).

Based on the cut-off values for different BI-RADS classifi-
cations, a total of 58 lesions were missed, including 7 cases of
BI-RADS 4a, 26 cases of BI-RADS 4b, and 25 cases of BI-RADS 4c
Table 4. Among these missed lesions, invasive ductal carcinoma
was the most prevalent accounting for 43.1% of cases. In addi-
tion, there were 20 cases of misdiagnosed lesions, including 19
cases of BI-RADS 3 and 1 case of BI-RADS 4b.

Discussion
Breast cancer is one of the most common malignant tumors
in women [1]. Early detection and diagnosis of breast lesions
can help to improve the survival rate and quality of life of
patients and reduce psychological burden [1, 2]. Early-stage
breast cancer is often discovered because patients inadvertently
seek medical attention, presenting early as painless, single
small breast masses [20]. As the disease progresses, the mass’s
surface may become irregular, its boundary with surrounding

tissue is less clear, its texture becomes firmer, and the glan-
dular activity is poor [20]. With the increasing incidence of
breast tumors, imaging examinations have become essential
in diagnosing breast diseases [21]. Currently, commonly used
imaging methods in clinical practice are ultrasound, molyb-
denum target, and MRI. [22]. MRI offers a high diagnostic
value for breast diseases and can evaluate the morphology and
function of breast lesions. However, its disadvantages include
high cost and lengthy procedure times, making it less suitable
for routine screening and diagnosis of breast diseases [23].
Molybdenum target X-ray is mainly used for breast cancer
screening. Its principle is to make a diagnosis by comparing the
density difference between normal breast tissue and lesions.
However, its effectiveness is limited for breast lesions in dense
breast tissues [23]. Similarly, molybdenum target X-ray is more
sensitive to microcalcifications within lesions, but a drawback
is its radiation exposure [24]. With the ongoing advance-
ments of ultrasound technology and continuous improvement
of instruments, ultrasound has become a vital examination
method for breast diseases [25]. Its advantages are clear: it is
real time, fast, non-invasive, and cost-effective [25]. Especially
in dense breast lesions, ultrasound is an indispensable supple-
mentary means of molybdenum target X-ray [26]. In addition,
ultrasound also plays an irreplaceable unique advantage in the
identification of cystic and solid breast lesions [27]. Moreover,
ultrasound is non-radioactive and is the preferred examination
method for pregnant, lactating, and adolescent women [25].

Two-dimensional ultrasound can diagnose and differentiate
tumors based on boundary, morphology, posterior echo atten-
uation, calcification, peripheral and internal blood flow, and
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Figure 2. ROC curve of elastic strain rate ratio in the diagnosis of BI-RADS 3 and 4 lesions. ROC: Receiver operating characteristic; BI-RADS: Breast
Imaging Reporting and Data System; AUC: Area under the curve.

Figure 3. Conventional ultrasound and UE representative images of breast lesions. (A and B) Conventional ultrasound and UE images of benign breast
lesions; (C and D) Conventional ultrasound and UE images of malignant breast lesions. UE: Ultrasound elastography.

resistance index. However, it lacks capability to gather infor-
mation on tissue stiffness [25]. UE is a novel ultrasound diag-
nostic technique that can be used to study tumors and diffuse
diseases that are undetectable by conventional ultrasound [11].
It can reflect and quantify the elasticity (i.e., hardness) of the
tissue [11]. The theoretical basis of elastography in clinical

application is based on the physiological and pathological state
of tissues. The elasticity (hardness) of biological tissues is
closely related to the physiological and pathological changes of
organisms [13]. Significant elasticity changes occur in tissues
harboring hard masses or tumors. Structures with high elastic
coefficient produce relatively small strain, indicating greater
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Table 4. The pathological types and proportion of missed diagnosis and
misdiagnosis of breast solid masses by strain rate ratio method

Missed diagnosis (false negative) Misdiagnosis (false positive)

Pathological type n (%) Pathological type n (%)

Invasive ductal carcinoma 25 (43.1) Intraductal papilloma 9 (42.0)

Ductal carcinoma in situ 16 (27.6) Fibroadenoma 5 (25.0)

Papillary carcinoma 7 (12.1) Chronic mastitis 2 (10.0)

Mucinous carcinoma 5 (8.6) Fibrocystic disease 2 (10.0)

Non-Hodgkin’ s lymphoma 3 (5.2) Borderline phyllodes tumor 1 (5.0)

Medullary carcinoma 2 (3.4) Tubular adenoma 1 (5.0)

hardness. Conversely, structures with low elastic coefficient
result in larger strain and comparatively lesser hardness. In
recent years, elastography has matured as an ultrasound tech-
nique and is widely used in clinical practice. Elastic SR ratio,
a semi-parametric quantification method, has been introduced
for diagnosing breast masses, but its diagnostic value a subject
of debate [28]. Therefore, this study focuses on analyzing the SR
values of benign and malignant breast lesions across different
BI-RADS classifications and exploring the auxiliary diagnostic
value of SR values in clinical breast cancer diagnosis.

The hardness of various breast tissues ranges from low
to high, encompassing adipose tissue, normal glandular tis-
sue, fibrotic lesions of the breast, non-invasive ductal car-
cinoma, and invasive ductal carcinoma of the breast [29].
Malignant breast lesions are typically 2–3 times harder than
benign ones [30]. Breast malignant tumors often exhibit infil-
trative growth, leading to adhesion to the surrounding glandu-
lar stroma. This results in limited movement of lesion tissue and
surrounding areas, increased hardness, and higher elasticity
coefficient [30]. The elasticity coefficient is closely related to the
biological properties of the lesion. Different internal molecular
structures of tissues yield varying elasticities. UE can discern
characteristics of lesion tissues based on the differences in
hardness and the hardness measurement of the lesion can be
repeated [30]. A total of 434 malignant lesions and 665 benign
lesions were included in this study. Among them, the SR value
of malignant lesions was significantly higher than that of benign
lesions (7.83 [IQR 5.46, 9.69] vs 2.04 [IQR 1.37, 2.69], P < 0.001),
aligning with previous studies. In addition, ROC curve analysis
showed that the diagnostic AUC of SR value in distinguishing
benign and malignant breast lesions was as high as 0.965, sug-
gesting high diagnostic efficiency. With a cut-off value of 3.57,
the diagnostic sensitivity of SR value in benign and malignant
breast lesions was 85.7%, the specificity was 98.8% and the
consistency with pathological diagnosis was as high as 93.6%
(κ = 0.864). These results suggest that SR value has potential
as a diagnostic method for benign and malignant breast lesions.

The American College of Radiology developed a breast imag-
ing reporting and data system in 1992 and established a breast
ultrasound diagnostic criterion (BI-RADS-US) in 2003 [6]. The
evaluation content of the BI-RADS classification system is com-
plex and often relies on the subjective understanding of the

reader. To address this, Zhi et al. [31] proposed a method com-
bining BI-RADS with UE. Based on the BI-RADS classification
system, the image of UE was comprehensively considered to dis-
cern benign and malignant tumors. They found that when using
the SR ratio method to determine the nature of breast masses,
the best cut-off point was found at an SR value of 3.05 according
to the ROC curve. The corresponding sensitivity, specificity,
and accuracy were 92.4%, 91.1%, and 91.4%, respectively [31].
In addition, Farrokh et al. observed that the SR value of benign
breast lesions was significantly lower than that of malignant
lesions. The sensitivity and specificity of benign and malignant
breast lesions were 92.6% and 95.2%, respectively, indicating a
diagnostic efficiency superior to conventional ultrasound [32].
In addition, another study by Zhi et al. [33] showed that the
specificity and accuracy of combining BI-RADS with UE were
higher than using the BI-RADS classification alone, while the
sensitivity of the two methods was similar. In addition, the
positive predictive value of BI-RADS category 4 lesions signif-
icantly improved after combining the BI-RADS classification
system with UE [33]. Unlike the elastic scoring method in this
study, the SR ratio method was used as the diagnostic criteria
for UE. BI-RADS category 2 or 5 breast lesions are benign or
malignant, respectively, the auxiliary diagnostic significance of
the SR method is not pronounced. However, in BI-RADS 3 and
4 lesions, the SR values of malignant tumors were higher than
those of benign tumors, with a statistically significant differ-
ence (all P < 0.001).

In clinical practice, the clinical pathways of category 3 and 4
lesions differ significantly. In this study, the diagnostic efficacy
of SR value in BI-RADS 3 and 4 lesions was analyzed by ROC
curve. With a cut-off value of 2.93, the diagnostic sensitivity
of SR value in the three lesion categories was 100%, indicating
no missed diagnosis. In addition, the diagnostic specificity and
accuracy were 93.8% and 93.9%, respectively. For 4a, 4b, or 4c
lesions with SR values exceeding 3.85, 3.57, or 4.43, respec-
tively, the diagnostic specificity was over 99%, suggesting a low
risk of misdiagnosis. Biopsying only lesions below the cut-off
value could significantly reduce the false-negative rate and
avoid unnecessary biopsies. However, for 4a and 4b lesions, the
diagnostic sensitivity of SR value was only 58.8% and 68.7%,
indicating a higher risk of missed diagnosis. Therefore, 4a and
4b lesions below the cut-off value still need further pathological
examination for definitive diagnosis.

Pathological factors of the lesions impact the diagnostic
accuracy of UE, including the proportion of cellular and fibrous
components, calcification, myxoid degeneration, hemorrhage
and necrosis, etc. The elastic coefficients of different tissues
overlap to some extent, which can lead to diagnostic errors
when using UE alone for differentiating benign from malignant
breast tumors. In this study, 78 lesions were inconsistent with
pathological findings, including 58 missed lesions and 20 mis-
diagnosed lesions. Among the missed lesions, invasive ductal
carcinoma was the most common (43.1%). This type of carci-
noma, also known as colloid carcinoma, is often characterized
by abundant interstitial and cytoplasmic mucin with relatively
weak invasion and softer texture, which can lead to misdi-
agnosis. In addition, the malignant lesions of invasive ductal
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carcinoma are easy to infiltrate and grow into the surrounding
tissues, resulting in a corresponding increase in the hardness
of the surrounding tissues. When measuring the SR value of
normal gland tissue at the same depth as the malignant lesion,
it is easy to mis-detect the area where the malignant lesion
infiltrates into the surrounding tissue. This can result in an
elastic strain value inconsistent with the actual hardness of the
lesion, leading to a lower final SR value. In addition, 16 cases of
ductal carcinoma in situ (27.6%) were missed. Ductal carcinoma
in situ typically forms along the mammary duct separated by
normal glandular tissue in the middle. Most intraductal lesions
are surrounded by local intraductal effusion. These factors are
the main cause of missed diagnosis of ductal carcinoma in situ.
There were 20 cases misdiagnosed as intraductal papilloma
(9 cases, 42.0%). Intraductal papilloma of intraductal car-
cinoma in situ is rich in fibrous stromal components,
which leads to increased hardness of lesions and leads to
misdiagnosis.

Conclusion
In summary, the elastic SR ratio method has a good diagnostic
value in evaluating breast masses. Especially for BI-RADS 3 and
4 lesions, the diagnostic accuracy of the SR method is high,
which can effectively reduce the misdiagnosis rate and missed
diagnosis rate of breast lesions. In addition, the SR method
has the potential to become an auxiliary diagnostic method
for pathological examination, reducing unnecessary biopsies.
This is significantly beneficial for the early diagnosis and treat-
ment of lesions. In addition, studies focusing on the diagnostic
ability of other elastography techniques, such as shear wave
elastography in BI-RADS-US classification would be of great
benefit [34, 35].

Conflicts of interest: Authors declare no conflicts of interest.

Funding: Authors received no specific funding for this work.

Data availability: The datasets used and/or analyzed during
the current study are available from the corresponding author
on reasonable request.

Submitted: 02 October 2023
Accepted: 13 November 2023
Published online: 26 December 2023

References
[1] Anastasiadi Z, Lianos GD, Ignatiadou E, Harissis HV, Mitsis M. Breast

cancer in young women: an overview. Updates Surg 2017;69(3):313–7.
https://doi.org/10.1007/s13304-017-0424-1.

[2] Barzaman K, Karami J, Zarei Z, Hosseinzadeh A, Kazemi MH,
Moradi-Kalbolandi S, et al. Breast cancer: biology, biomarkers, and
treatments. Int Immunopharmacol 2020;84:106535. https://doi.org/
10.1016/j.intimp.2020.106535.

[3] Kashyap D, Pal D, Sharma R, Garg VK, Goel N, Koundal D, et al.
Global increase in breast cancer incidence: risk factors and preven-
tive measures. Biomed Res Int 2022;2022:9605439. https://doi.org/10.
1155/2022/9605439.

[4] Criscitiello C, Corti C. Breast cancer genetics: diagnostics and
treatment. Genes (Basel) 2022;13(9):1593. https://doi.org/10.3390/
genes13091593.

[5] Stavros AT, Thickman D, Rapp CL, Dennis MA, Parker SH, Sisney GA.
Solid breast nodules: use of sonography to distinguish between benign
and malignant lesions. Radiology 1995;196(1):123–34. https://doi.org/
10.1148/radiology.196.1.7784555.

[6] Dilhuydy MH. Breast imaging reporting and data system (BI-RADS)
or French “classification ACR” What tool for what use? A point of
view. Eur J Radiol 2007;61(2):187–91. https://doi.org/10.1016/j.ejrad.
2006.08.032.

[7] Raza S, Goldkamp AL, Chikarmane SA, Birdwell RL. US of breast
masses categorized as BI-RADS 3, 4, and 5: pictorial review of factors
influencing clinical management. Radiographics 2010;30(5):1199–213.
https://doi.org/10.1148/rg.305095144.

[8] Barr RG, Zhang Z, Cormack JB, Mendelson EB, Berg WA. Probably
benign lesions at screening breast US in a population with elevated
risk: prevalence and rate of malignancy in the ACRIN 6666 trial. Radi-
ology 2013;269(3):701–12. https://doi.org/10.1148/radiol.13122829.

[9] Hille H, Vetter M, Hackelöer BJ. The accuracy of BI-RADS classification
of breast ultrasound as a first-line imaging method. Ultraschall Med
2012;33(2):160–3. https://doi.org/10.1055/s-0031-1281667.

[10] Ophir J, Céspedes I, Ponnekanti H, Yazdi Y, Li X. Elastography:
a quantitative method for imaging the elasticity of biological
tissues. Ultrason Imaging 1991;13(2):111–34. https://doi.org/10.
1177/016173469101300201.

[11] Carlsen J, Ewertsen C, Sletting S, Vejborg I, Schäfer FK, Cosgrove D,
et al. Ultrasound elastography in breast cancer diagnosis. Ultraschall
Med 2015;36(6):550–62; quiz 563–5. https://doi.org/10.1055/s-0035-
1553293.

[12] Daniaux M, Auer T, De Zordo T, Junker D, Santner W, Hubalek M,
et al. Strain elastography of breast and prostata cancer: similarities and
differences. Rofo 2016;188(3):253–8. https://doi.org/10.1055/s-0041-
106540.

[13] Grajo JR, Barr RG. Strain elastography for prediction of breast cancer
tumor grades. J Ultrasound Med 2014;33(1):129–34. https://doi.org/10.
7863/ultra.33.1.129.

[14] Mercado CL. BI-RADS update. Radiol Clin North Am 2014;52(3):481–7.
https://doi.org/10.1016/j.rcl.2014.02.008.

[15] Wojcinski S, Boehme E, Farrokh A, Soergel P, Degenhardt F,
Hillemanns P. Ultrasound real-time elastography can predict
malignancy in BI-RADS® -US 3 lesions. BMC Cancer 2013;13:159.
https://doi.org/10.1186/1471-2407-13-159.

[16] Thomas A, Degenhardt F, Farrokh A, Wojcinski S, Slowinski T,
Fischer T. Significant differentiation of focal breast lesions: calcula-
tion of strain ratio in breast sonoelastography. Acad Radiol 2010;17(5):
558–63. https://doi.org/10.1016/j.acra.2009.12.006.

[17] Nakashima K, Mizutou A, Sakurai S. Auto strain ratio system for
the quality control of breast strain elastography. J Med Ultrason
2018;45(2):261–8. https://doi.org/10.1007/s10396-017-0830-5.

[18] Stoian D, Timar B, Craina M, Bernad E, Petre I, Craciunescu M.
Qualitative strain elastography–strain ratio evaluation—an important
tool in breast cancer diagnostic. Med Ultrason 2016;18(2):195–200.
https://doi.org/10.11152/mu.2013.2066.182.bcd.

[19] Zhi H, Xiao XY, Yang HY, Wen YL, Ou B, Luo BM, et al. Semi-
quantitating stiffness of breast solid lesions in ultrasonic elastography.
Acad Radiol 2008;15(11):1347–53. https://doi.org/10.1016/j.acra.2008.
08.003.

[20] Ben-Dror J, Shalamov M, Sonnenblick A. The history of early breast
cancer treatment. Genes (Basel) 2022;13(6):960. https://doi.org/10.
3390/genes13060960.

[21] Milosevic M, Jankovic D, Milenkovic A, Stojanov D. Early diagnosis
and detection of breast cancer. Technol Health Care 2018;26(4):729–59.
https://doi.org/10.3233/THC-181277.

[22] Fowler AM, Mankoff DA, Joe BN. Imaging neoadjuvant therapy
response in breast cancer. Radiology 2017;285(2):358–75. https://doi.
org/10.1148/radiol.2017170180.

[23] Sung JS, Stamler S, Brooks J, Kaplan J, Huang T, Dershaw DD, et al.
Breast cancers detected at screening MR imaging and mammography
in patients at high risk: method of detection reflects tumor histopatho-
logic results. Radiology 2016;280(3):716–22. https://doi.org/10.1148/
radiol.2016151419.

[24] Gu WQ, Cai SM, Liu WD, Zhang Q, Shi Y, Du LJ. Combined molybdenum
target X-ray and magnetic resonance imaging examinations improve
breast cancer diagnostic efficacy. World J Clin Cases 2022;10(2):485–
91. https://doi.org/10.12998/wjcc.v10.i2.485.

[25] Muhtadi S. Breast tumor classification using intratumoral
quantitative ultrasound descriptors. Comput Math Methods Med
2022;2022:1633858. https://doi.org/10.1155/2022/1633858.

Li et al.
Elastography strain ratio in BI-RADS-US 3-4 breast masses 631 www.biomolbiomed.com

http://www.biomolbiomed.com
https://doi.org/10.1007/s13304-017-0424-1
https://doi.org/10.1016/j.intimp.2020.106535
https://doi.org/10.1016/j.intimp.2020.106535
https://doi.org/10.1155/2022/9605439
https://doi.org/10.1155/2022/9605439
https://doi.org/10.3390/genes13091593
https://doi.org/10.3390/genes13091593
https://doi.org/10.1148/radiology.196.1.7784555
https://doi.org/10.1148/radiology.196.1.7784555
https://doi.org/10.1016/j.ejrad.2006.08.032
https://doi.org/10.1016/j.ejrad.2006.08.032
https://doi.org/10.1148/rg.305095144
https://doi.org/10.1148/radiol.13122829
https://doi.org/10.1055/s-0031-1281667
https://doi.org/10.1177/016173469101300201
https://doi.org/10.1177/016173469101300201
https://doi.org/10.1055/s-0035-1553293
https://doi.org/10.1055/s-0035-1553293
https://doi.org/10.1055/s-0041-106540
https://doi.org/10.1055/s-0041-106540
https://doi.org/10.7863/ultra.33.1.129
https://doi.org/10.7863/ultra.33.1.129
https://doi.org/10.1016/j.rcl.2014.02.008
https://doi.org/10.1186/1471-2407-13-159
https://doi.org/10.1016/j.acra.2009.12.006
https://doi.org/10.1007/s10396-017-0830-5
https://doi.org/10.11152/mu.2013.2066.182.bcd
https://doi.org/10.1016/j.acra.2008.08.003
https://doi.org/10.1016/j.acra.2008.08.003
https://doi.org/10.3390/genes13060960
https://doi.org/10.3390/genes13060960
https://doi.org/10.3233/THC-181277
https://doi.org/10.1148/radiol.2017170180
https://doi.org/10.1148/radiol.2017170180
https://doi.org/10.1148/radiol.2016151419
https://doi.org/10.1148/radiol.2016151419
https://doi.org/10.12998/wjcc.v10.i2.485
https://doi.org/10.1155/2022/1633858
http://www.biomolbiomed.com


[26] He H, Zhang G, Zhou H, Lin C, Xu Q, Liu R, et al. Differential efficacy of
B-ultrasound combined with molybdenum target detection mode for
breast cancer staging and correlation of blood flow parameters with
IGF-1 and IGF-2 expression level and prognosis. Contrast Media Mol
Imag 2022;2022:9198626. https://doi.org/10.1155/2022/9198626.

[27] Zhang Y, Xu HX, Zhao CK, Li XL, Bo XW, He YP, et al. Complex cystic
and solid breast lesions: diagnostic performance of conventional ultra-
sound, strain imaging and point shear wave speed measurement. Clin
Hemorheol Microcirc 2018;69(3):355–70. https://doi.org/10.3233/CH-
170252.

[28] Lu R, Xiao Y, Liu M, Shi D. Ultrasound elastography in the differential
diagnosis of benign and malignant cervical lesions. J Ultrasound Med
2014;33(4):667–71. https://doi.org/10.7863/ultra.33.4.667.

[29] Krouskop TA, Wheeler TM, Kallel F, Garra BS, Hall T. Elastic mod-
uli of breast and prostate tissues under compression. Ultrason Imag
1998;20(4):260–74. https://doi.org/10.1177/016173469802000403.

[30] Ying L, Hou Y, Zheng HM, Lin X, Xie ZL, Hu YP. Real-time elastogra-
phy for the differentiation of benign and malignant superficial lymph
nodes: a meta-analysis. Eur J Radiol 2012;81(10):2576–84. https://doi.
org/10.1016/j.ejrad.2011.10.026.

[31] Zhi H, Xiao XY, Yang HY, Ou B, Wen YL, Luo BM. Ultrasonic elastogra-
phy in breast cancer diagnosis: strain ratio vs 5-point scale. Acad Radiol
2010;17(10):1227–33. https://doi.org/10.1016/j.acra.2010.05.004.

[32] Farrokh A, Wojcinski S, Degenhardt F. Diagnostic value of strain ratio
measurement in the differentiation of malignant and benign breast
lesions. Ultraschall Med 2011;32(4):400–5. https://doi.org/10.1055/s-
0029-1245335.

[33] Zhi H, Ou B, Xiao XY, Peng YL, Wang Y, Liu LS, et al. Ultrasound
elastography of breast lesions in Chinese women: a multicenter study
in China. Clin Breast Cancer 2013;13(5):392–400. https://doi.org/10.
1016/j.clbc.2013.02.015.

[34] Barr RG, Nakashima K, Amy D, Cosgrove D, Farrokh A, Schafer F,
et al. WFUMB guidelines and recommendations for clinical use
of ultrasound elastography: part 2: breast. Ultrasound Med Biol
2015;41(5):1148–60. https://doi.org/10.1016/j.ultrasmedbio.2015.03.
008.

[35] Ventura C, Baldassarre S, Cerimele F, Pepi L, Marconi E, Ercolani P,
et al. 2D shear wave elastography in evaluation of prognostic factors in
breast cancer. Radiologia Medica 2022;127(11):1221–7. https://doi.org/
10.1007/s11547-022-01559-5.

Related articles published in BJBMS

1. Diagnostic performance of LI-RADS version 2018 in differentiating hepatocellular carcinoma from other hepatic
malignancies in patients with hepatitis B virus infection

Shuo Shao et al., BJBMS, 2020

2. Serum microRNAs as biomarkers for the diagnosis of papillary thyroid carcinoma: A meta-analysis

Yuping Chen et al., BJBMS, 2022

Li et al.
Elastography strain ratio in BI-RADS-US 3-4 breast masses 632 www.biomolbiomed.com

http://www.biomolbiomed.com
https://doi.org/10.1155/2022/9198626
https://doi.org/10.3233/CH-170252
https://doi.org/10.3233/CH-170252
https://doi.org/10.7863/ultra.33.4.667
https://doi.org/10.1177/016173469802000403
https://doi.org/10.1016/j.ejrad.2011.10.026
https://doi.org/10.1016/j.ejrad.2011.10.026
https://doi.org/10.1016/j.acra.2010.05.004
https://doi.org/10.1055/s-0029-1245335
https://doi.org/10.1055/s-0029-1245335
https://doi.org/10.1016/j.clbc.2013.02.015
https://doi.org/10.1016/j.clbc.2013.02.015
https://doi.org/10.1016/j.ultrasmedbio.2015.03.008
https://doi.org/10.1016/j.ultrasmedbio.2015.03.008
https://doi.org/10.1007/s11547-022-01559-5
https://doi.org/10.1007/s11547-022-01559-5
https://www.bjbms.org/ojs/index.php/bjbms/article/view/4576
https://www.bjbms.org/ojs/index.php/bjbms/article/view/7343
http://www.biomolbiomed.com

	
	
	
	
	
	
	
	

	
	

	
	
	
	

	
	
	



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


