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Abstract: Objective: Traditional breast ultrasound relies too much on the operation skills of
diagnostic doctors, and the repeatability in different doctors was low. This study aimed to evaluate
the assistant diagnostic value of S-Detect artificial intelligence (Al) system in differentiating benign
from malignant breast masses. Methods: The ultrasound images of 40 patients who underwent
ultrasound examination in our hospital were collected. The conventional ultrasound images, elastic
images, and S-Detect mode of breast lesions were analyzed. The breast imaging reporting and data
system recommended by the American Society of Radiology (BI-RADS) classification for each
breast mass was evaluated both by the doctor and Al. The receiver operator characteristics (ROC)
curves were drawn to compare the diagnostic efficiency. Result: Among the 40 lesions, 16 were
benign, and 24 were malignant. The S-Detect Al system had a high diagnostic efficiency for
malignant mass, with sensitivity, specificity, and accuracy of 95.8%, 93.8%, and 89.6%. The
accuracy of Al was higher than the elastic image and then than the conventional gray-scale image.
With the assistance of the S-Detect Al system, the accuracy of BI-RADS classification was improved
significantly. Conclusion: The S-Detect Al system will enhance breast cancer diagnostic accuracy
and improve ultrasound examination quality.
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1. Introduction

The breast tumor is a common clinical disease in women. Ultrasound has always been
considered the most appropriate method for breast examination and tumor screening [1]. However,
ultrasound has a strong technical dependence on the examiners, and the results of different examiners
are different, which has been considered the shortcomings of ultrasound [2]. With the imaging
technology development, more and more methods have been used to objectively analyze ultrasound
images to help diagnose breast tumors [3], such as elastic ultrasound, computer-aided diagnosis
technology, etc.

The S-Detect artificial intelligence system is a set of auxiliary ultrasound imaging in diagnosing
a deep learning system [4-6]. This system extracts the morphological features from the breast
imaging reporting data system recommended by the American Society of Radiology (BI-RADS).
Combined with pathological results of mass, the information can be used to diagnose breast lumps
automatically. Two-dimensional breast ultrasound is widely used in diagnosing breast lesions. Still,
due to its strong operator dependence, the accuracy and repeatability of BI-RADS classification
results between different operators need to be improved [7-9]. Artificial intelligence-assisted
diagnosis system eliminates the influence of many human factors. It can carry out image analysis
objectively and efficiently to improve doctors’ working efficiency and diagnostic efficiency [10-12].

One of the main problems encountered in ultrasound diagnosis is that senior doctors’ diagnostic
level is significantly higher than that of junior doctors. The training of a junior doctor often takes
four years or more. The use of Al will significantly reduce the difficulty of training doctors. The
purpose of this study was to evaluate the value of the S-Detect artificial intelligence system in the
auxiliary diagnosis of benign and malignant breast masses.

2. Materials and methods
2.1. Research objects

From November 2019 to June 2020, the patients with breast masses undergoing ultrasound
examination in the ultrasound imaging department of our hospital were randomly collected.

Inclusion criteria: The diagnosis had definite pathological support; adult patients; hospitalized
patients.

Exclusion criteria: The mass boundary was not clear; there were blood flow, arrow, and text on
the image; patients who can’t cooperate with the exam.

Finally, 40 patients were enrolled in the study cohort. All the patients were female, with an age
of (50.9 + 13.9) years old. These patients were diagnosed with single or multiple breast lesions.
However, only one typical image was selected from a patient. This study was approved by the ethics
committee of the First People’s Hospital of Anging City. The written informed consent was obtained
from patients.

2.2. Image acquisition

The Samsung RS80A ultrasonic diagnostic instrument was used to detect the breast, with an
L3-12A probe, frequency 3~12MHz.The patient was placed in the supine position, with his hands
over his head, to expose the mammary glands and axilla’s scanning area as large as possible. The
scan was executed by two ultrasound doctors (engaged in breast ultrasound > 3 years) for regular
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breast two-dimensional (2D) gray-scale and color doppler ultrasound. The 2D images were collected,
and the location, size, shape, boundary, internal echo, rear and side, blood flow, and spectrum of the
echo were observed. The information was evaluated by the BI-RADS classification.

Then, the S-Detect mammary gland mode was selected to display the 2D horizontal and vertical
gray-scale section of the mass. After clicking the center of lesion, the system automatically outlined
the lesion boundary as the region of interest. If the border drawn automatically did not match the
mass’s solid edge, the operator could readjust and sketch the frame. After selecting the most
appropriate boundary, the system automatically listed the various characteristics of the mass (size,
depth, shape, boundary, internal echo, and so on) and the diagnostic results, which probably benign
or malignant (Figures 1-3).

Finally, the model was converted to breast elasticity, and the patient was asked to hold their
breath without pressure. Satisfactory elastic images were collected. The color of elastography was
divided into green and blue, which reflects the hardness of the tissue. If the lesion is very hard, it is
dark blue and tends to be malignant. The lesions were soft, light green, and managed to be benign.

2.3. Image analysis

The BI-RADS classification results for each breast mass were divided into the senior physician
(engaged in breast ultrasound > 15 years) and the junior group. Both of them were classified into two
groups based on whether the auxiliary S-Detect Al were used. One group was the BI-RADS initial
classification of each mass by sonographers based on conventional ultrasound images; another group
was the BI-RADS classification for each mass again performed for the physician combined with
S-Detect assisted diagnosis.

Probably 'malignant Probably malignant

Figure 1. Malignant breast mass from a patient with 82 years old. A: Two-dimensional
gray-scale ultrasound image; B: Elastic image of nodule; C: Transverse section image in
S-Detect system; D: longitudinal section image in S-Detect system. The diagnosis was
probably malignant.
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Probably malignant Probably malignant

Figure 2. Malignant breast mass from a patient with 59 years old. A: Two-dimensional
gray-scale ultrasound image; B: Elastic image of nodule; C: Transverse section image in
S-Detect system; D: longitudinal section image in S-Detect system. The diagnosis was

probably malignant.

Probably benign

Probably benign

Figure 3. Benign breast mass from a patient with 27 years old. A: Two-dimensional
gray-scale ultrasound image; B: Elastic image of nodule; C: Transverse section image in
S-Detect system; D: longitudinal section image in S-Detect system. The diagnosis was

probably benign.
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Since each mass was randomly examined more than twice before the final surgical biopsy, the
multiple BI-RADS classifications for all lesions obtained by multiple sonographers were defined in
this study as a junior set of results. The S-Detect system diagnosis results were also combined with
the junior set of products. The BI-RADS classification diagnosis results Category < 4a was defined
as benign lesions, while Category > 4b was defined as malignant lesions.

The S-Detect diagnosis of each breast mass in both transverse and longitudinal sections was
recorded as B/B, and both areas were likely benign. The diagnosis results of the two regions are
different, which was denoted as M/B. Both sections are likely malignant, denoted as M/M. The
S-Detect diagnostic result B/B was defined as benign lesions, while the M/B or M/M were defined as
malignant lesions.

According to the standards of elastic imaging Guidelines, the Tsukuba score (Elasticity Score)
was performed for each breast mass, with the ES value as the ES group data. The ES < 3 points of
Tsukuba were defined as benign lesions, while ES > 4 points were defined as malignant lesions.

2.4. Statistical analysis

The SPSS 21.0 software was used for statistical analysis of the data. The qualitative data were
presented in terms of rate and the results of different diagnostic methods for the same lesion were
compared by paired chi-square test.

Based on the pathological results, the receiver operator characteristics (ROC) curves were
drawn for multiple groups of diagnostic products to obtain the area under curve area (AUC),
sensitivity, specificity, and diagnostic accuracy. Kappa test was used to analyze the consistency of
diagnostic results of different groups of data. The accuracy was calculated by the following formula:

d
accuracy = x 100% (D

In the formula, the “a” represents the true positive number, “d” represents the true negative
number, and “n” represents the total number.

3. Results
3.1. Pathological results

Among the 40 patients, benign lesions accounted for 40.0% (16/40), and malignant lesions
accounted for 60.0% (24/40). In the benign lesions, there were 4 cases of mammary gland disease,
8 cases of fibroadenoma, 2 cases of papilloma, and 2 cases of other benign tumors. In the malignant
lesions, there were 17 cases of invasive ductal carcinoma, 1 case of mucinous carcinoma, 1 case of
papillary carcinoma, 3 case of intraductal carcinoma, 1 cases of invasive lobular carcinoma, and 1
case of intraductal carcinoma in situ..

3.2. Diagnostic efficiency of S-Detect Al system

When the results of pathological examination were used as the gold standard, the S-Detect Al
system itself had high sensitivity, specificity, and accuracy (95.8%, 93.8%, 89.6%) for the
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identification of benign and malignant breast masses. The diagnostic efficiency of two-dimensional
gray-scale ultrasound was the lowest, with the sensitivity and specificity was lower than 80%. The
elastic image had a relatively high specificity (93.8%) and a relatively lower sensitivity (79.2%). The
detail was shown in Table 1 and Figure 4.

Table 1. Diagnostic effectiveness of different methods.

Group AUC Sensitivity (%) Specificity (%)  Accuracy (%)
Al 0.948 95.8 93.8 89.6
Elastic image 0.865 79.2 93.8 73.0
Gray-scale 0.719 75.0 68.8 43.8
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Figure 4. The ROC curve of different methods.

Table 2. The BI-RADS classification whether S-Detect Al were assisted.

Before assistance S-Detect After assistance
Category 8 B/B 7 Category 3 8
M/B 1
Category4a 13 B/B 6 Category 3 3
M/B 4 Category 4a 4
M/M 3 Category 4b 4
Category 4c 2
Category 4b 11 B/B 2 Category 4a 2
M/B 4 Category 4b 6
M/M 5 Category 4c 3
Category 4c 6 M/B 2 Category 4c 6
M/M 4
Category 5 2 M/M 2 Category 5 2

Mathematical Biosciences and Engineering
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3.3. Auxiliary value of S-Detect Al system in BI-RADS classification

Before the S-Detect Al system was used, the BI-RADS classification of 40 patients was
category 3 in 8 cases, Category 4a in 13 cases, category 4b in 11 cases, and category 4c in 6 cases,
and category 5 in 2 cases. From Table 2, doctors primarily use the S-Detect auxiliary system for
escalation and degradation of category 4a and class 4b. For BI-RADS3, 4C, and 5 breast lesions, the
S-Detect system diagnostic difference did not substantially affect the judgment of doctor.

3.4. Auxiliary value of S-Detect Al system for junior doctors

With the assistance of S-Detect Al system, the accuracy of BI-RADS classification was

improved significantly. The detail was showed in Table 3 and Figure 5.
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Figure 5. The ROC curve of auxiliary S-Detect Al system.

Table 3. Diagnostic effectiveness of auxiliary S-Detect Al system.

Group Area under ROC  Sensitivity (%) Specificity (%) Accuracy (%)
curve

Senior 0.802 79.2 81.3 60.5

Junior 0.719 75.0 68.8 43.8

Senior+Al 0.969 100.0 93.8 93.8

Junior+Al 0.948 95.8 93.8 89.6
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4. Discussion

The S-Detect artificial intelligence system can effectively differentiate benign from malignant
breast lesions. With the assistance of this technology, the BI-RADS classification diagnostic
performance of senior sonographers has been on the rise [13]. The S-Detect auxiliary diagnosis
results combined with the results of random ultrasound examination can significantly improve
diagnostic accuracy. Therefore, this clinical diagnosis technique can enhance the quality of random
breast ultrasound examinations obtained by patients and reduce missed diagnoses and misdiagnosis.
The S-Detect technique and the elasticity scoring technique can improve the sonographer’s
diagnostic efficiency in breast cancer diagnosis. Still, there are some differences between the
diagnostic ability and the auxiliary diagnostic ability [14].

Artificial intelligence technology based on big data and deep learning algorithm is widely
integrated into the medical field [15-17]. Combining medical imaging with it can reduce the work
burden of imaging physicians and improve the overall work efficiency. Computer aided diagnosis
system has the advantages of objectivity, stability and high repeatability, and has been used in the
early research and application of lung mass, breast mass and cardiovascular disease. The S-Detect
auxiliary diagnostic system is intelligent and efficient, using the physico-acoustic characteristics of
2D gray-scale images of breast lesions for rapid differential diagnosis. In this study, the S-Detect
technique has a high diagnostic efficiency, with differential diagnosis sensitivity, specificity and
accuracy exceeding 90%. With the aid of this technology, the diagnostic efficiency of senior doctors
has an upward trend. As a result, the S-Detect technology can provide effective advice and increase
diagnostic confidence for junior sonographer in the diagnosis of 2D gray-scale images.

According to the BI-RADS classification standards recommended by the American Society of
Radiology, Category3mass for the possibility of malignant 2% or less, Category 4a mass is the
possibility of malignant is 2~10%. In this study, of the 16 benign groups, 93.8% (15/16) were
classified as Category 3 or 4a, and the pathological findings were mostly adenopathy or
fibroadenoma of the breast. The clinician will perform a pathological biopsy or surgical excision of
masses classified as Category 4a or above, most of which pathologically turn out benign. The
S-Detect technology has higher diagnostic performance for BI-RADS4a and 4B mass upgrades and
downgrades, improving the accuracy of the random ultrasound surgeon’s diagnosis and reducing
unnecessary biopsies and surgeries to BI-RADS4a diagnosis. The operators in 2D ultrasound
examination of the breast are highly dependent. The operation technique and image discrimination
ability of ultrasound doctors with different years of experience lead to poor repeatability among the
operators [18-20]. The S-Detect system automatically analyzes a 2D gray-scale image of a breast
mass, allowing for more objective identification of a breast mass, regardless of the operator’s years
of service, experience, resolution, etc. In this study, to our hospital patients randomized to breast
ultrasound, diagnostic accuracy was less than 80%. With the help of artificial intelligence, the joint
diagnosis accuracy up to 90%, both in the senior and junior doctor. The results reduced the low
qualification doctor with high qualification doctor diagnosis efficiency of the differences, thus
improving the hospital’s overall quality [10].

Elasticity score technology reflects the hardness characteristics of breast masses [21,22]. It uses
the elasticity information of breast masses to improve the diagnostic efficiency of ultrasound doctors.
The S-Detect technique uses the same physical-acoustic information and diagnostic classification as
conventional breast ultrasound complements and optimizes the two-dimensional information of
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conventional ultrasound. In this study, the elasticity scoring technique was less sensitive than the
S-Detect technique, and the accuracy was similar to the S-Detect technique. Still, the combination of
the elasticity scoring with routine breast ultrasound was slightly better than the S-Detect technique,
possibly due to the complementarity of physical information from different directions.

5. Conclusions

In summary, the S-Detect artificial intelligence system can improve breast cancer diagnosis
accuracy by ultrasound physicians and improve the quality of routine breast ultrasound diagnosis. In
the future, multi-center and more extensive sample size studies are needed to verify the artificial
intelligence system’s clinical application prospect. The S-Detect technology has its limitations. Its
characteristic analysis does not include important information such as blood flow signals,
calcifications, and mass hardness, and the system has errors in the identification of masses <1 cm in
diameter.
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