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Comparison of ultrasound and digital mammography plus
tomosynthesis in determining benign and malignant breast
lesions using pathology as a gold standard, in 102 Chinese
women

Abstract
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Objective: This study was to evaluate performance characteristics of ultrasonography (US) and a combined
two-and three-dimensional (2D+3D) digital mammography in identifying breast tumors in Chinese women. Subjects and Methods: One hundred and two women with suspected breast tumors were examined
using diagnostic imaging techniques of US and a combined 2D+3D imaging protocol. Detection of breast
tumors in women with and without dense breasts was validated according to the features of image-detected breast tumors which were proven by histological exam in this study cohort. Results: Breast US was superior to 2D+3D imaging in assessing benign lesions (P<0.01). The diagnostic measure on 2D+3D mammography was more accurate than the US exam in breast cancer detection. Furthermore, 2D+3D imaging
was more sensitive than US in identifying malignant lesions in size of ≤1cm and in relatively high breast
density (P<0.01 or 0.05). Breast US showed a better correlation with the sizes of benign tumor as compared
to 2D+3D imaging with correlation coe cients of 0.930 and 0.920. Conversely, 2D+3D imaging showed a
better correlation with the sizes of malignant tumors as compared to US with correlation coe cients of
0.951 and 0.815. Additionally, presence of microcalci cations on mammography signi cantly increased in
breast cancers as compared to benign tumors (P<0.001). Conclusion: Breast US and 2D+3D mammography imaging play an additive role in identifying breast tumors. Intervention of the 2D+3D imaging technique helps recognize appearance and characteristics of breast lesions particularly in the women with a lesion
measure of ≤1cm and those with dense breasts or breast microcalci cations.
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B

oth breast ultrasonography (US) and 2D digital mammography screening are routine examinations for patients suspected of having a breast tumor [1, 2]. Breast US
is an important diagnostic adjunct to mammography in detecting a solid mass or
an area of architectural distortion and identifying a cystic mass [3-5]. The bene t of this
approach to evaluating suspicious lesion as either benign or malignant has been presented in a series of 2020 patients who underwent clinical exam, mammography, and
breast US [6]. In contrast, the rate at which lesions discovered by US screening are shown
to be breast cancer is actually very low particularly for women with dense breast tissue [7].
Mammography is a proven technique for both diagnosis and screening of breast cancer
[8, 9]. However, the appearance of overlapping tissue on mammograms poses a signicant obstacle to interpretation in women with dense breasts, which remains a limitation
of conventional mammography [9, 10]. Some studies have indicated that breast cancers
have the same density as surrounding tissue, and can be obscured by overlapping tissue
[11, 12]. With tumors potentially obscured by overlapping tissue in 2-D conventional mammography, digital breast tomosynthesis (DBT), a 3D image-segmented evaluation procedure, can be expected to ameliorate this problem by reducing or eliminating tissue overlap [11, 13]. However, whether or not the digital mammography as a screening method is
superior to the breast US exam is still a subject of debate.
Our study aimed to investigate the diagnostic performance US and 2D+3D imaging for
evaluation of women with suspected breast lesions using histological examination as the
gold standard. Our results indicate clinical values of the two approaches with utility in
identifying breast lesions in the study cohort.
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Subjects and Methods
Patients and inclusion criteria
According to complete recordings, 102 women were randomly recruited into two groups of the breast US exam and a
combined 2D+3D imaging from July 2014-September 2014.
Age distribution (years) of these patients is shown in table 1.
Population proportions of patients in age included 17.6% of
≤40, 37.4% of ≤50 and 45% of >50, respectively.
Major inclusion criteria were 1) Women suspected of having a breast tumor after a clinical exam (a palpable mass or
breast lumps); 2) Ability to complete examinations; 3) Age ≥
25 years old with recent breast US exam at our hospital; 4)
No breastfeeding or lactating; 5) No clinical history of breast
surgery and chemotherapy; 6) Histopathologically diagnosis as breast tumors in all patients studied.
The study has been approved by the Ethics Committee of
the Peking Union Medical College. For this retrospective study, the requirement of informed consent was waived.
Image acquisition
All women received an X-rays exam of breast (Selenia, Dimensions mammography system, Hologic, Bedford, MA USA)
using combo mode (a protocol where both 3D and 2D images acquired in the same breast compression, with the second acquisition following the rst immediately). These patients acquired standard bilateral two-view tomosynthesis
images of both breasts, and typically these images were taken from two angles including a medio-lateral view and a
cranio-caudal view. Overall scanning time was less than 5 seconds. 15 low-dose projection images were obtained over a
15° arc (±7.5°) kVp (25 to 49kVp.). The maximum X-rays tube
current was 200mA. Reconstruction time for images was 2-5
seconds while the image pixel size of about 100 microns. The
2D pixel size was 70 microns. Ultrasonography imaging of
breast was also performed by using a GE-Volution 730 system for all patients within 2 weeks prior to surgery.
Image interpretation and analysis
Image interpretation was performed using remote sensing
imagery. Identi cation and measurement of a breast lesion
in an image was executed manually or visually. In evaluation
of diagnostic US imaging, malignant breast masses are commonly hypoechoic lesions with ill-de ned borders. Typically,
a malignant lesion presents as a hypoechoic nodular lesion,
which is taller than broader and has spiculated margins, posterior acoustic shadowing and microcalci cations [14]. In
term of the X-rays image, a lesion on a digital mammogram
usually appears as brighter than the surrounding tissue. This
is because the diseased tissue that is denser than fat stops
more X-rays photons, hence they appear brighter.
Lesions on sonography and mammography were analyzed prior to histologic con rmation of the lesions. Brie y, the
largest tumor diameter was chosen as the sizing reference in
each case. The imaging lesion size of a breast mass was calculated according to the measurement of longest axis of a
lesion. The architectural distortion and asymmetries on a
mammogram was measured according to approximation of
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its greatest linear dimension, clustered microcalci cations
were observed according to calcium particles of various size
and shape measuring between 0.1 to 1mm in diameter and
numbering more than four to ve per cubic centimeter.
As with any breast imaging, breast US and mammography
depend on the level of skill and experience of the clinical
worker interpreting the images. In this study, diagnostic evaluation of breast lesions was implemented by two radiologists who had experience with US and DBT image interpretation.

Assessment of breast lesion and density scale
Risk assessment of breast lesions was carried out according
to the Breast Imaging-Reporting and Data system (BI-RADS)
standard [15, 16]. Each lesion de ned by BI-RADS was categorized as: 1 (negative), 2 (benign nding), 3 (probably benign, ≤2%, probability of malignancy and 6 months followup recommended), 4a (2%-10% probability of malignancy
and biopsy recommended), 4b (10%-50% probability of malignancy), 4c (50%-95% probability of malignancy), 5 (≥95%
suggestive of malignancy). In general, BI-RADS 1-3 were
classi ed as benign ndings or probably benign, whereas
BI-RADS 4(a, b, c) and 5 were considered as suspicious abnormality or highly suspicious of malignancy since the presence of each lesion was di erent in these data sets gathered using the 2D+3D imaging techniques, a high value was
taken as the nal diagnosis of the breast lesion. To validate
diagnostic accuracy of breast imaging, a histologic diagnosis of breast cancer was o ered mainly by needle biopsy according to golden standard for cancer diagnosis.
Mammographic density, a risk factor for breast cancer, was
classi ed using a 4-level density scale according to the criteria of the American College of Radiology's (ACR) Breast Imaging Reporting and Data System [17], Qualitative classi cation of breast density was assigned as ACRa (Almost entirely fatty), ACRb (Scattered areas of broglandular density),
ACRc (Heterogeneously dense), ACRd (Extremely dense).
Categories ACRc and ACRd were considered dense since
they had a lower sensitivity of mammography than ACRa
and ACRb.
ROC curve analysis
A receiver operating characteristic (ROC) curve is created by
plotting the true positive rate against the false positive rate
at various threshold settings, which is expressed as a graph
of sensitivity (y-axis) versus 1-speci city (x-axis). Maximizing
sensitivity and speci city correspond to some large y and to
a small x value on the curve, respectively. An important measure of the accuracy of the clinical test is the area under the
curve (AUC). If this area equals to 1.0, then the ROC curve
consists of two straight lines shown as one vertical from 0,0
to 0,1 and the next horizontal from 0,1 to 1,1. This test is identi ed as 100% accurate because both the sensitivity and speci city are 1.0. The closer the ROC curve is to the upper left
corner, the higher the overall accuracy of the test [18].
The diagonal line from 0,0 to 1,1 (y=x) represents the strategy of randomly guessing a class. If a classi er randomly guesses the positive class half the time, it can be expected to get
half the positives and half the negatives correct; this yields
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the point (0.5, 0.5) in the ROC space and the ROC area for this
line is 0.5 [19]. A diagonal line from lower left to upper right
traces the curve for a perfectly useless test. A test with perfect discrimination should have a ROC curve that passes
through the upper left corner. In this study, the optimal cuto point for the predictors of US and 2D+3D imaging from
breast tumors was selected on the ROC curve moving from
the vicinity of the upper left corner over toward the upper
right corner. The AUC is expressed as a percentage of randomly drawn pairs for which this is true.
The 95% con dence interval (CI) is the interval in which
the true (population) area under the ROC curve lies with
95% con dence. The signi cance level or P-value is the probability that the observed AUC is found when the true area
under the curve is 0.5. If a P value is less than 0.05 then it can
be concluded that the area is signi cantly di erent from 0.5
and that therefore there is evidence that the test does have
an ability to distinguish between the two approaches.

Statistical analysis
Statistical analysis was performed using MedCalc 13.0 (Ostend, Belgium). A ROC curve was used to analyze diagnostic
accuracy of breast US and 2D+3D imaging. Spearman's correlation coef cient was calculated to observe the relationship between clinical performance of US and 2D+3D imaging data based on the pathological ndings. Inter-rater reliability for the two readers was computed using Cohen's kappa coef cients. The chi-square test ( 2) was conducted to
analyze the signi cance of population distribution for the
women with microcalci cations, as well as to compare the
diagnostic accuracy between the breast US and 2D+3D imaging. A P value of <0.05 was considered signi cant.

Results

sion, there was a positive relationship between the US or
2D+3D imaging data and the pathological nding with correlation coe cients of 0.93 and 0.92, respectively (Figure 1).
In 75 women with malignant lesions, the correlation coe cient (0.951) for the 2D+3D imaging was higher than the US
exam (0.815). In calculation of the Kappa statistic, the interrater reliability coe cients for the 2D+3D imaging and the
US exam were estimated as 0.627 and 0.633 in the study cohort, respectively.
In the prede ned subgroups regarding lesion sizes, the
performance of 2D+3D imaging for detection of breast cancer was signi cantly better than US alone particularly for the
lesion size of ≤1.0cm (di erence between areas, 0.400; 95%
CI from 0.127 to 0.673; P=0.0041). In women with ARCc+
ARCd breast density, the diagnostic accuracy of 2D+3D imaging for breast cancer was more sensitive than the US exam
in the observed cohorts (di erence between areas, 0.124;
95% CI from 0.0212 to 0.226; P=0.0180) (Table 2). In the Kappa statistic, the inter-rater reliability coe cients for the 2D+
3D and the US exams were estimated 0.643 and 0.635 in the
analysis of BI-RADS categories, respectively.
Table 1. Patient characteristics.
Number of patients
Age
≤40

18 (17.6%)

>40 and ≤50

38 (37.3%)

>50

46 (45.0%)

Menopause status
Premenopausal/Perimenopausal

50 (48.9%)

Postmenopausal

52 (51.1%)

Family history of breast cancer

Patient characteristics
In this retrospective study, 52 postmenopausal women
(51%) and 97 patients (95.1%) with no family history of breast cancer were found in the 102 cases. Additionally, there
were 38 (37.2%) and 36 (35.3%) patients classi ed as ACRc
and ACRd. However, there were 1 (1%) and 27 (26.5) patients
were diagnosed as ACRa and ACRb, respectively. In contrast,
population proportion for the women with high breast densities was larger than those with low densities in the investigated cohort. Thirty-two (31.4%) women presented with
breast lesions in the upper-outer quadrant of the right breast and 25 (24.5%) were in the upper-outer quadrant of the
left breast, which were most positions visible on breast lesions. 71 (69.6%) in 102 cases only showed a breast mass as
one of the pathological features of the tumors. Of 102 patients, a breast cancer was con rmed in 75 cases and a benign
tumor in 27 cases pathologically (Table 1).
Lesion measurement
In a total of 102 women with suspected breast tumors, 83
and 100 cases with breast lesions were detected by US and
2D+3D imaging, respectively. In 27 women with a benign le-
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102

5 (4.9%)

Breast density
ACRa

1 (1.0%)

ACRb

27 (26.5%)

ACRc

38 (37.2%)

ACRd

36 (35.3%)

Pathology type
Cancer

75 (73.5%)

Benign lesion

27 (26.5%)

Observation of lesion sizes
Tumor size in breast cancer in uences therapeutic decisions. To establish an imaging method corresponding with
the histological result, this test was performed with evaluating sizing of primary breast lesion using digital mammography and US. Our results are shown in Figure 2. A breast
mass at a diameter of <1.0cm was clearly detected only by 3D
imaging but not another two techniques (Figure 2A). How-
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ever, a breast lesion at a diameter of >1.0cm was observed
using US and 2D+3D imaging (Figure 2B). Digital mammography showed the solid mass with irregular shape, indistinct and angular margins. In the US exam, the boundaries of the breast lesion were not clear and the internal echoes of the lesion were not uniform. Histopathology revealed
invasive ductal carcinoma.

Malignant lesions (>2cm)
2D+3D

0.955

0.835-0.995

Ultrasound

0.902

0.763-0.973

Diﬀerence between areas

0.053

-0.115 to 0.222

P value

0.537

ACRa+ACRb breast
density
2D+3D

1.000

0.877-1.000

Ultrasound

0.894

0.719-0.978

Diﬀerence between areas

0.106

-0.063-0.275

P value

0.220

ACRc+ACRd breast
density

Figure 1. The Spearman correlation between the lesion size and the histological
result of benign (A) and malignant (B) lesions was observed in women receiving
2D+3D and US screening, respectively. In 27 women with benign lesions, correlation coe cient of the US exam was larger than that of 2D+3D imaging. In 75 patients with breast cancer, correlation coe cient of 2D+3D imaging is larger than
that of the US exam.

2D+3D

0.915

0.827-0.967

Ultrasound

0.792

0.681-0.877

Diﬀerence between areas

0.124

0.021-0.226

P value

0.018

Statistical signi cance considered when P<0.05.

Table 2. Diagnostic accuracy measure.
Area under
the curve

95%
Conﬁdence
interval

Ultrasound

0.639
0.834

0.537-0.731
0.747-0.900

Diﬀerence between areas

0.196

0.057-0.333

P value

0.005

Diagnostic accuracy
Benign lesions
2D+3D

Malignant lesions
2D+3D

0.940

0.875-0.977

Ultrasound

0.821

0.732-0.890

Diﬀerence between areas

0.119

0.034-0.205

P value

0.006

Malignant lesions (≤ 1cm)
2D+3D

0.900

0.637-0.993

Ultrasound

0.500

0.239-0.761

Diﬀerence between areas

0.400

0.127-0.673

P value

0.004

Malignant lesions (1-2cm)
2D+3D

0.932

0.821-0.985

Ultrasound

0.801

0.661-0.902

Diﬀerence between areas

0.131

-0.002 to 0.263

P value

0.053
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Figure 2. Breast lesions in a size of <1.0cm (A) and ≥1.0cm (B) were measured using US and 2D+3D imaging, respectively. The breast lesion (red circle) at a smaller
size was seen only by 3D imaging. Digital mammography showed the solid mass
with irregular shape, indistinct and angular margins. In the US exam, the boundaries of the lesion were not clear with no uniform internal echoes. Histopathology
revealed invasive ductal carcinoma.

Observation of lesion in dense breasts
Patients with dense breasts represent a diagnostic dilemma.
In addition to the increased density resulting in malignancies being obscured, patients with dense breasts have increased incidence of breast cancer. Since mammography has
been shown to have a decrease in sensitivity in dense breasts, additional imaging modalities need to be investigated
to improve the diagnostic accuracy of imaging in breast cancer. Our results are shown in Figure 3. Though breast lesions
(ACRc and ACRd) were detected using US and 2D+3D imaging, 3D imaging was more visible than another two approaches in identifying features of the lesions. DBT showed
small calcium deposits in the breast mass (Figure 3A) and
burrs on edge of the mass (Figure 3B). Ultrasonography only
displayed a hypo-anechoic breast mass with non-uniform
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internal echoes. This mass presented with irregular shape
and margins, and subtle acoustic shadowing at the edges of
the lesion. Histopathology revealed invasive ductal carcinoma.

Figure 3. Breast lesions were measured in dense breasts classi ed as ACRc (A) and
ACRd (B) using US and 2D+3D, respectively. Though breast lesions (red arrows)
were detected using US and 2D/3D imaging, 3D imaging was more visible than
another two approaches in identifying features of the lesions. Breast US showed a
hypo-anechoic mass with irregular margins and subtle acoustic shadowing at the
edges of the lesion. Histopathology revealed invasive ductal carcinoma.

Observation of microcalci cations
White dots on the 2D+3D images were observed in women
with biopsy-proven breast tumors and population proportion for the women with microcalci cations is shown in Figure 4. In benign lesions (n=27), there were no women with
breast microcalci cations seen on the 2D+3D images. The
women with malignant lesions were shown with breast microcalci cations in 29 of 75 cases (38.7%). The chi-square test
( 2) showed that there was a signi cant di erence in the presence of microcalci cations between the patients with malignant and benign breast tumors (P<0.001).

is at identifying risk of mortality. In comparison with the diagonal line, the two curves started in the same way from lower
left corner, went straight up to the upper left corner, and then
to the upper right corner on the ROC analysis. The shape of
the 2D+3D curve for diagnostic accuracy of breast lesions
corresponded to a leftward movement in the ROC curve analysis and displayed di erent changes in the area under the
curve as compared to the US curve. The results are shown in
Figure 5. In breast lesions detected by 2D+3D imaging, no benign cases were catalogued as BI-RADS 4c or 5. Most of the
women with breast cancer diagnosed by the imaging were
de ned as BI-RADS 5 in 34 of 75 cases (33%) as compared to
the US approach in 15 of 75 cases (20%). The diagnostic accuracy of breast US for women with benign lesions was higher
than the 2D+3D technique (di erence between areas, 0.196;
95% CI from 0.0576 to 0.333; P=0.0055). However, the accuracy of 2D+3D imaging for women with breast cancer was
signi cantly higher than the US exam (di erence between
areas, 0.119; 95% CI from 0.0340 to 0.205; P=0.0061).

Figure 5. The ROC graph for diagnostic evaluation. Diagnostic accuracy of benign
(A) and malignant (B) lesions was examined according to the changes in the area
under the ROC curve (AUC). In contrast, the ROC space for the US exam was larger
than 2D+3D imaging in diagnostic evaluation of benign tumors. However, the ROC
space for 2D+3D imaging was larger than the US exam in evaluation of malignant
tumors (11). All tests displayed signi cant di erences in the AUC values as compared to 0.5 (P<0.01).

Discussion

Figure 4. Microcalci cations in breasts were detected using 2D+3D imaging. Population proportions for patients with (black) and without (white) microcalci cations were expressed as a percentage of the women with benign (n=27) and
malignant tumors (n=75). A 2 test showed that there was a statistical signi cance
in the presence of microcalci cation between the women with malignant and benign tumors (P<0.001).

Assessment of diagnostic accuracy
The sensitivity and speci city of the 2D+3D imaging were
97.3% and 88.9%, respectively. The sensitivity and speci city
of the US were 96.0% and 59.3%, respectively. In a ROC curve,
the true positive rate (sensitivity) is plotted in function of the
false positive rate (speci city) for di erent cut-o points. The
area under the ROC curve is a re ection of how good the test
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In 102 women suspected of having a breast tumor, the US
exam was superior to 2D+3D imaging in assessing benign
breast lesions. However, the combined digital mammography with tomosynthesis was more e ective than US in
breast cancer detection. These results indicated that both
approaches can play an additive role in helping to identify
the nature of breast lesions. It has been reported that US alone is not a good breast cancer screening tool because of many false positive and false negative results [20, 21]. Therefore
it's reasonable to consider that it may be used as a follow-up
test after an abnormal nding on clinical breast exam [4]. Intervention of the 2D+3D imaging technique o ered an obvious advantage over US in breast cancer screening, suggesting that the combined imaging increased the sensitivity
for detecting cancer and was more conclusive than US in
identifying malignant breast lesions. Since screening mammography with DBT improves accuracy and reduces false
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positive rates in women with breast diseases [22], it's
conceivable that 2D+3D imaging would help to avoid unnecessary repeat biopsies that lead to pain and scarring.
The breast tumor size predicted by imaging modality is
one of the important factors for subsequent surgical intervention since tumor size may in uence patients' status [2225]. Our data showed that combined 2D with 3D mammography but not US alone detected a malignant breast mass
with the ill-de ned margin less than 1.0cm in diameter, suggesting that 2D+3D imaging allowed reliable identi cation
and characterization of breast lesions in small size. The breast US exam quite require the sonographer's skill level in
exactly nding the diameter of a lesion because many cancers are vertical tumors (taller-than-wide breast mass) in
which posterior acoustic shadows obscure the posterior
border [26]. Given that tumor size is strongly related to prognosis [27], it's reasonable to speculate that the combined
2D+3D mammography exam potentially provided a precious choice for women of being cured by surgery. In further
analysis, the radiographic e ect mainly came from the 3D
mammography exam since the breast lesions less than
1.0cm in diameter were not visible in either US or 2D imaging. Digital breast tomosynthesis is an advanced form of
breast imaging that aids in the early detection and diagnosis
of breast disease through using computer reconstructions
to create 3D images of the breasts [11]. It's very likely that the
computer-reconstructed radiographic images allowed visual review of thin breast sections and o ered the potential to
unmask cancers obscured by normal tissue located above
and below the lesion [28].
The growing use of full eld digital mammography has led
to signi cant improvement of sensitivity in women with
dense breasts secondary to improved contrast sensitivity
[9]. Unfortunately, digital mammography is still limited by
the overlapping breast tissue. It has been reported that population proportion of Asian women with dense breasts are
higher than Western women [29]. Our data showed that
there were 38 (37.2%) and 36 (35.3%) women classi ed as
ACRc and ACRd in the 102 patients, suggesting that dense
breast tissue was a risk factor for developing breast lesion.
Since US was superior to 2D imaging in detecting a lesion in
dense breast tissue, it was necessary to point out that noti cation of breast density should be given with sonographic
results so that women with dense breasts would be aware of
the implications, and could pursue supplemental screening
beyond US and 2D screening. Digital breast tomosynthesis
was more visible and precise than another two technologies
in identifying characteristics of a malignant lesion in dense
breast tissue, led us to conclude that adding 3D mammography to regular screening would nd more cancers in dense
breasts. Digital breast tomosynthesis, a new X-rays technology, is used for helping to solve the overlapping tissue
problem since it produces a series of images with multiple
low-dose tomographic images acquired in an arch [30]. These images are reconstructed and allow for visualization of
the breast in multiple contiguous slices [31]. The bene ts of
DBT in screening sensitivity and diagnostic evaluation not
only solve the overlapping tissue problem but also improve
the characterizations of di erent lesion types [32, 33]. Relative to US, all-digital screening is not cost-e ective. How-
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ever, age-targeted digital screening appears cost-e ective
in select population subgroups particularly among women
who have dense breast tissue or surgical biopsies [34]. Additionally, using DBT screening has a potential economic value in reducing the number of women recalled for additional
follow-up imaging and diagnostic testing services but also
facilitating early diagnosis of breast cancer when treatment
costs are less [35].
It has been reported that mammary microcalci cations
can be the early and only presenting sign of breast cancer
and they appear in one-third of invasive carcinomas [36, 37].
Our results showed that microcalci cations on the 2D+3D
images were detectable in 29 of 75 cases (38.7%) only with
breast cancers, suggesting that the presence of microcalci cations are much more likely to be malignant with a biopsy
necessary of the breast lesions. Although microcalci cations are also associated with benign conditions such as secretory diseases and fat necrosis, around 40% of breast cancers present with microcalci cations and frequently, serve
as the only mammographic features indicating the presence
of a malignant tumor [38]. Thus, mammographic ndings in
microcalci cations associated with breast tumors can be
strati ed by suspicion for malignancy, and the BI-RADS categories would be helpful in alerting the referring physicians, the pathologists, and surgeons to the underlying risk
of malignancy [39]. Additionally, it has been reported that
breast cancers presenting with microcalci cations are often
associated with lymph node invasion [40]. The condition of
axillary lymph nodes in breast cancer is of great importance
for deciding appropriate treatment and staging as well as
predicting the long-term survival [41]. Although etiology of
microcalci cation on breast cancer metastasis is not clear,
it's likely that the change in chemical composition of the
microcalci cation is related to a malignant aggression [42].
In this study, the diagnostic accuracy of breast US was higher than 2D+3D in making diagnosis of benign lesions. This
was caused due to the probabilities that some benign lesions were associated with smooth border appearing on cystis, intraductal papilloma, small brosum adenoma, adenosis tumor, lipoma and fat necrosis. These would be di cult
to be recognized on the 2D+3D images, but were able to be
diagnosed clearly by US because of their distinctive shapes
and echoes. Ultrasound imaging is not really any more expensive than digital mammography, and in many ways it is
more convenient. However, almost all suspicious ultrasound
ndings are inconclusive in women with high breast density. Since it's di cult to diagnose benign lesions with irregular borders which occurred in cancers, the US exam may
incur false positives with an unnecessary biopsy [43-47].
In conclusion, this study indicates that the US exam and
2D+3D mammography play an additive role in identifying
breast lesions. Intervention of 3D mammography serves as a
diagnostic technique with utility in detecting breast cancers
particularly in Chinese women with the tumor diameter of
1.0cm and those with either dense breasts or breast microcalci cations.
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