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Abstract

Background: Automated three-dimensional (3D) breast ultrasound (US) systems and breast tomosynthesis are
promising breast imaging modalities. The study aims to compare the diagnostic indices of the 3D imaging
techniques: digital breast tomosynthesis (DBT) and automated breast ultrasound (ABUS) in the characterization of
breast masses. This prospective study included 32 women with breast masses either detected by means of clinical
examination or with the mammographic exam. All of them have been subjected to tomosynthesis and automatic
breast ultrasound examinations. The images from both modalities were then analyzed one at a time by two
experienced representative radiologists in consensus. Results were compared to each other and to pathology and
follow-up of typically benign findings

Results: The masses statistically evaluated in this study were 37 in number, among which 16 were benign and 21
were malignant. The sensitivity and specificity of tomosynthesis in the characterization of breast masses were 100%
and 81.25%, respectively, while automated breast ultrasound were 100% and 75%, respectively.

Conclusion: Tomosynthesis and automated breast ultrasound are two promising modalities in breast imaging.
Their diagnostic indices in this study were very close to one another; therefore, they can be used as an adjunct
modality to mammography for early diagnosis of breast cancer.
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Background
Breast cancer is the second leading cause of cancer
demise in women [1]. Estimates indicate a nearly 40%
breast cancer mortality reduction when screening
women yearly beginning at age 40 [2]. Despite the fact
that mammography is an outstanding screening modality
in the recognition of early breast cancer, it is defective,
especially for women with dense breasts. In women with
dense breast tissue, the affectability of mammography is

decreased. Furthermore, women with dense breasts have
an expanded danger of developing malignancy and can-
cers detected in them are larger and more frequently
node-positive [3, 4].
Breast ultrasound, both handheld and automated, is

powerful in distinguishing mammographically occult
cancer in women with dense tissue. Ultrasound is essen-
tial for the characterization of breast masses. It is com-
monly employed as an adjunct to diagnostic clinical
mammography and as an aid to screening mammog-
raphy in dense breasts [5].
Automated three-dimensional (3D) breast ultrasound

(US) systems and breast tomosynthesis are promising
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modalities intended to defeat the inadequacies of hand-
held ultrasound (HHUS) being operator-dependent and
take relatively a long time when compared to hand-held
ultrasound, 3D-ABUS has been found to give compar-
able image quality and diagnostic information, BI-RADS
ratings, and mass detection rates [6, 7].
Recent studies show that 3D breast tomosynthesis is a

potential for increasing the sensitivity of breast cancer
detection, especially for cancers manifesting as distor-
tions or calcification [8].
The study aims to compare the diagnostic indices of the

3D imaging techniques: digital breast tomosynthesis (DBT)
and automated breast ultrasound in the characterization of
breast masses.

Methods
Patients
This prospective study was performed in the female im-
aging unit of specialized Cancer Institute and approved
by its Research and Ethical committee; all the included
cases gave informed consent.
The study was conducted on 32 patients presented to

the clinic with either palpable breast mass or as a part of
early screening between January 2017 and July 2017.
Their ages ranged from 25 to 74 years (mean age 52.97
± 12.21 SD years). Five patients had bilateral lesions and
the total number of lesions was 37 lesions.

Diagnostic tools
All of the cases (n = 32) were subjected to both 3D
tomosynthesis and Automated breast ultrasound.

Tomosynthesis examination protocol design
A craniocaudal (CC) and a mediolateral oblique (MLO)
view DBT were obtained with the patient in a standing
position using a DBT unit prototype. Breast compression
was applied, similar to that of mammography. Images
were acquired with a GE mammography system.

Automated breast examination protocol design
A layer of lotion is applied to the breast to ensure good
contact between the 3D ABUS device and the skin. Then,
a curved panel is placed over the breast and gently flattens
the tissue against the body. Images were acquired using a
GE Invenia ABUS system (GE Healthcare).

Image analysis
The tomosynthesis and automated ultrasound data were
evaluated by two experienced radiologists in consensus;
both observers were unaware of the pathological data of
each patient. Each mass was evaluated regarding shape,
margin, asymmetry, calcification, mass number, location,
extension, skin thickening, and BIRADS classification
were done.

Pathological results were used as the gold standard of
reference for 32 out of the 37 masses, as for the
remaining 5 masses, ultrasound proved these lesions to
be simple cysts/fat-containing lesions (hamartoma).

Statistical analysis
Data were coded and entered using the statistical package
SPSS (Statistical Package for the Social Sciences) version
24. Data were summarized using frequency (count) and
relative frequency (percentage) for categorical data. Stand-
ard diagnostic indices including sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV) were calculated. For comparing categorical
data, chi-square (χ2) test was performed. The exact test
was used instead when the expected frequency is less than
5. A p value of less than 0.05 was considered as statistically
significant.

Results
This prospective study included a total of 32 patients
presented to the NCI with breast masses (detected by
clinical examination or by mammographic examination),
their mean age was 52.97 ± 12.21 SD.
Out of 32 patients, 37 masses were detected, 16

masses were benign while 21 masses were malignant.
Five patients had bilateral lesions.
Pathological results were used as the gold standard of

reference for 32 out of the 37 masses, as for the
remaining 5 masses, ultrasound proved these lesions to
be simple cysts (n = 3)/fat containing lesion (hamar-
toma) (n = 2).
The histological diagnosis in the patients included in

this study is mentioned in Table 1.
Each breast mass was evaluated by both tomosynthesis

and automated ultrasound regarding the following criteria:

The shape of the lesion
Regarding the shape of the lesion, both modalities show
agreement in 27 masses, 16 were irregular, 8 were oval,
and 3 were rounded. On the other hand, 1 mass appear
irregular in tomosynthesis but oval by automated ultra-
sound. No mass was detected by tomosynthesis in 1 case
but was detected by automated images as irregular small
masses (Fig. 1).
The relation between both modalities regarding the

shape is shown in Table 2.

Regarding the margin of the lesion
Both modalities showed agreement in 11 cases with cir-
cumscribed masses and 13 cases with spiculated margin;
on the other hand, significant mismatch appears in two
cases in which appear as circumscribed by tomosynth-
esis while shown as indistinct/speculated by automated
ultrasound (Table 3).
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Mass number and location
92.9% of cases show agreement by both modalities in the
presence of multiple masses,72.7% agreement in the
presence of single mass with statistically significant re-
sults p value < 0.001.

Regarding the location of the lesion, the largest
number of masses was detected in the upper outer
quadrant with 83% agreement by both modalities, 6
cases were detected retro areolar with 100% agree-
ment (Table 4).

Table 1 The histological diagnosis in the patients included in the study

Count of lesions %

Pathology Benign 16 43.2

Malignant 21 56.8

Pathology details Adenocarcinoma 1 2.7

Cyst 4 10.8

Duct carcinoma in situ 1 2.7

Fibroadenoma 6 16.2

Hamartoma 2 5.4

Invasive duct carcinoma 14 37.8

Invasive lobular carcinoma 2 5.4

Mixed invasive duct carcinoma and invasive lobular carcinoma 3 8.1

Mastitis 2 5.4

Metastases 2 5.4

Fig. 1 A 51-year-old female patient was presented with a left UOQ breast lump. a, b Digital breast mammography tomosynthesis MLO and CC
views of the left breast show an oval-shaped micro lobulated high-density mass at UOQ with no skin thickening (BIRADS IV). Automated
ultrasound left medial coronal image (c) shows focal irregular defect with retraction phenomena at distance 97.3 mm from the nipple.
Automated ultrasound left medial axial image (d) shows an irregular shaped mass with spiculated margin, non-parallel orientation, and
heterogeneous echo pattern (BIRADS IV). A core biopsy was done and revealed invasive duct carcinoma. Automated ultrasound was superior to
tomosynthesis in the characterization of this lesion by detection of the fine speculation
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Extension of the lesion
Extension of the lesion outside the mass margin either
as speculation or satellites within more than 2 cm.
Regarding extension of the lesion 95.2% shows no ex-

tension on both modalities and with 68.8% showing
radiological extension on both studies. Five cases show
extension by tomosynthesis images while non-visible by
automated ultrasound.

Skin thickening and retraction
43.5% of the malignant masses show no skin thickening on
automated ultrasound while 56.5% show skin thickening.

Calcification in the mass
No calcification was visible in 21 cases with 16 cases
showing calcification, 8 of them showing benign criteria,
and 8 with suspicious criteria. Only two masses show
calcification inside the mass. Tomosynthesis was high
more sensitive in the detection of calcification than
automated ultrasound.

BIRADS classification
All breast masses seen were interpreted then by the BIR-
ADS score system.
71.4% of benign masses were given BIRADS III by

tomosynthesis, 56.2% of malignant masses were given
BIRADS V while 57.1% of the benign masses were given
BIRADS III by automated ultrasound, and 73.9% of
malignant masses were given BIRADS V (Fig. 2).

One hundred percent agreement in BIRADS II benign
lesion with 95% agreement in malignant BIRADS V, 3
cases were given BIRADS IV by tomosynthesis images
and BIRADS V by automated with only one appear BIR-
ADS V in tomosynthesis images and IV in automated im-
ages with statistically significant results (Figs. 3 and 4).
Tomosynthesis was overestimated in 18.8% of cases

and underestimated in 0% of cases while automated
ultrasound was overestimated in 25% of cases and
underestimated in 0% of cases as shown in Table 5.
In detection and characterization of different breast

masses sensitivity, specificity, PPV, and NPV of ABUS
were 100%, 75% 84%, 100%, respectively and in breast
tomosynthesis were 100%, 81.25%, 87.5%, and 100%,
respectively.

Discussion
Supplemental breast US or DBT is an essential additive
tool for screening strategies in women at average or
intermediate risk of developing breast cancer. However,
early comparative studies have shown that breast US
may have a benefit over DBT in women with extremely
dense breasts [9].
Endo et al. [8] and Teertstra et al. [10] evaluated

the diagnostic performance of digital breast tomo-
synthesis and full-field digital mammography and
both concluded that tomosynthesis can be used as an
additional technique to mammography in patients re-
ferred with an abnormal screening mammogram or
with clinical symptoms.

Table 2 Relation between both modalities regarding the shape

Digital breast tomosynthesis (DBT) shape

Oval Round Irregular No mass p value

Count % Count % Count % Count %

ABUS shape Oval 8 72.7 2 33.3 2 11.1 0 .0 < 0.001

Round 1 9.1 3 50.0 0 .0 0 .0

Irregular 2 18.2 1 16.7 16 88.9 1 100.0

Table 3 Relation between both modalities regarding the margins

Digital breast tomosynthesis (DBT) margin

Circumscribed Obscured Micro lobulated Indistinct Apeculated No mass P value

Count % Count % Count % Count % Count % Count %

ABUS margin Circumscribed 11 84.6% 2 66.7% 0 .0% 0 .0% 0 .0% 0 .0% <0.001

Angular 0 .0% 1 33.3% 0 .0% 1 33.3% 0 .0% 0 .0%

Micro lobulated 0 .0% 0 .0% 1 50.0% 0 .0% 1 6.7% 0 .0%

Indistinct 1 7.7% 0 .0% 0 .0% 2 66.7% 1 6.7% 1 100.0%

Speculated 1 7.7% 0 .0% 1 50.0% 0 .0% 13 86.7% 0 .0%
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A comparison of digital breast tomosynthesis and
ultrasonography regarding the characterization of
breast lesions was the goal of Kim et al. [11]. Results
showed that digital breast tomosynthesis may provide
similar reader lesion characterization performance to
that of the US for breast lesions depicted on the
mammogram.
On the other hand, several studies focused on auto-

mated ultrasound.

Chang et al. [12] retrospectively evaluated the de-
tection performance of benign and malignant breast
masses using 3D volume data obtained by ABUS
with results showed higher performance of ABUS in
the detection of malignant, large, irregular shaped
masses with surrounding changes, than benign,
small, or round/oval masses without surrounding
changes.

Table 4 Relation between both modalities regarding the number of masses

Digital breast tomosynthesis (DBT) mass number

single multiple no p value

Count % Count % Count %

ABUS
mass number

Single 16 72.7 1 7.1 1 100.0 < 0.001

Multiple 6 27.3 13 92.9 0 .0

Mass 0 .0 0 .0 0 .0

Fig. 2 A 42-year-old female patient was presented with right tender breast. Digital tomosynthesis Mx CC and MLO views of the right breast (a, b)
show an oval-shaped circumscribed high-density retro areolar mass associated with skin thickening (BIRADS III). c Automated ultrasound right
medial coronal image shows a large defect at 2:30 o’clock. d Automated ultrasound right medial axial image shows a right oval-shaped mass
with indistinct margin, parallel orientation, and hypoechoic echo pattern (BIRADS III). The lesion was proved to be inflammatory mastitis with
acute abscess formation by aspiration of the abscess content
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Giuliano et al. [13] study performed in 3418
asymptomatic women with mammographically dense
breasts justified the cost-benefit of implementing the
use of ABUS in conjunction with mammography in
the dense breast screening population study.
This study compared the diagnostic performance of

automated three-dimensional (3D) breast ultrasound
(US) systems and breast tomosynthesis as diagnostic
tools in the work-up of mammographically detected
positive findings in dense breasts.
According to the BIRADS lexicon criteria for describ-

ing malignant masses and as regards the shape, 17
masses were irregular on both modalities and were
proved to be malignant, yet tomosynthesis underesti-
mated one case since it gave the appearance of a
rounded mass (normally to a benign descriptor); how-
ever, fine speculation were identified on automated
ultrasound images and core biopsy proved the malignant
nature of this lesion.
We found out that the sensitivity of tomosynthesis re-

garding the characterization of the shape of malignant
masses was 69.6% while it was 87% for automated
ultrasound

Regarding the margins, and as expected, 78.6% of
the circumscribed masses were benign and 65% of the
spiculated masses were malignant. However, two
masses were circumscribed on both modalities yet
pathology proved them malignant, this confirms the
idea that a single criterion is not enough for radiolo-
gists to reach a correct diagnosis. Tomosynthesis was
as sensitive as automated ultrasound in this study
both 65.2%.
Regarding the number of masses detected multiple le-

sions in 14 out of 19 cases with multiple masses, while
automated ultrasound was able to detect the whole 19
cases.
Tomosynthesis was able to detect the extension of the

mass by 43% while automated ultrasound by only 32.4%.
Tomosynthesis was far better in the detection of calci-

fication; where 16 cases were detected by tomosynthesis
while automated ultrasound was only able to detect 2
cases. This is one of the situations where tomosynthesis
is definitely superior over automated ultrasound. Tomo-
synthesis was high more sensitive in the detection of cal-
cification than automated ultrasound matching results
by Hussein et al. [14].

Fig. 3 A 74-year-old female patient was presented to us by a clinically palpable left breast lump. Digital mammography tomosynthesis CC and
MLO views (a, b) of the left breast show an oval-shaped circumscribed high-density UOQ mass with no associated skin thickening (BIRADS IV).
Automated ultrasound left AP coronal image (c) show small irregular defect at distance 28.3 mm from the nipple. Automated ultrasound image
(d) shows a right irregular shaped mass with spiculated margins, non- parallel orientation, and heterogeneous echo pattern. (BIRADS V). A core
biopsy was done and revealed adenocarcinoma. Automated ultrasound was superior to tomosynthesis in the characterization of the lesion while
tomosynthesis was superior in the detection of axillary lymphadenopathy
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In detection and characterization of different breast
masses sensitivity, specificity, PPV, and NPV of ABUS
were 100%, 75%, 84%, and 100%, respectively, and in
breast tomosynthesis were 100%, 81.25%, 87.5%, and
100%, respectively.
Few studies have compared both modalities as that done

by Hussein et al. [14] showing sensitivity, specificity, PPV,

and NPV of ABUS was 92%, 98%, 92%, and 98%, respect-
ively, and in BT were 92%, 92%, 76%, and 98%.
In this study, both modalities showed a higher sensitiv-

ity for the detection of breast masses both being 100%
compared to 92% in Hussein et al. study [14] but less
specificity for both modalities in this study with BT
showing higher specificity compared to ABUS.

Fig. 4 A 36-year-old female patient was referred to the early detection breast clinic with a strong family history of breast cancer. Tomosynthesis
CC and MLO views (a, b) of the right breast show a UOQ oval-shaped circumscribed high-density mass (BIRADS III) (arrow). c Automated
ultrasound right AP coronal image showing rounded spot at distance 10.3 mm from the nipple. d Automated ultrasound right lateral image
shows an oval-shaped mass with circumscribed margins, parallel orientation and hypoechoic echo pattern (BIRADS III). The lesion proved to be
fibroadenoma by core biopsy. Both modalities were equal in the detection and characterization of the mass

Table 5 Breast masses classification according to BIRADS score system

Digital breast tomosynthesis (DBT) ABUS

Pathology Pathology

Benign Malignant p value Benign Malignant p value

Count % Count % Count % Count %

BIRADS I 0 0 0 0 < 0.001 0 0 0 0 <0.001

BIRADS II 3 21.4 0 0 4 28.6 0 0

BIRADS III 10 71.4 0 0 8 57.1 0 0

BIRADS IV 1 7.1 8 34.8 2 14.3 6 26.1

BIRADS V 0 0 15 65.2 0 0 17 73.9

BIRADS VI 0 0 0 0 0 0 0 0

Malignant 21 100 3 18.8 < 0.001 21 100 4 25 <0.001

Benign 0 0 13 81.2 0 0 12 75
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Conclusion
The value of ABUS and DBT in the detection and
characterization of breast masses were very close to one
another. Since automated ultrasound provides 3D im-
ages with avoiding the radiation hazard, it can be the
new era in breast cancer screening in adjacent to
mammography.
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