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Introduction

The two-dimensional (2D) nature of mammography re-

sults in tissue superposition, which can reduce the visibil-

ity of a lesion when dense glandular tissue is located above

and/or below the lesion of interest (reducing sensitivity).

Furthermore, two or more normal features, that are only

vertically separated, can appear to be the projection of a le-

sion (reducing specificity) [1]. 

“In contrast”, breast tomosynthesis (BT) involves the ac-

quisition of multiple projection exposures by a digital de-

tector from a mammographic X-ray source which moves

over a limited arc angle (Figure 1). The BT image data are

sent from the acquisition workstation to the reading work-

station and images are reconstructed by using a mathemat-

ical algorithm similar to those used in computed

tomography.

BT has the potential to help reduce recall rates (false pos-

itive), to give exquisite information for mass lesion [2], to

improve the selection of patients for biopsy, and to increase

cancer detection rates (DR) (false negative) [3, 4], which

could be proven especially useful in patients with dense

breasts. Recently, the technology has been approved by the

Food and Drug Administration (FDA) [5].

Materials and Methods

The study population included 1,800 women from two breast

clinics equipped with two Hologic Selenia BT devices and two

Hologic Selenia full-field digital mammography. The initial

number of 1,800 women was reduced to 1,615 women because

of technical and other reasons. The age range for the 1,615 par-

ticipants was 34-85 years (mean, 57 ± 11 [SD] years). The

screening mammography took place on day 7-10 of menstrual

cycle for women who were in reproductive age and after at least

one month for women in menopause who used hormone re-

placement therapy (HRT). Moreover, each woman had already

done a previous mammography which was used for comparison

with the new pictures. 

The 1,615 patients were screened with craniocaudal (CC) and

mediolateral oblique (MLO) views of both breasts using full-

field digital mammography (FFDM) and BT (Table 1), during a
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Figure 1. — Schematic view of digital breast tomosynthesis.
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three year period (2010-2012). In BT, reconstructed section

thickness was one mm and post processing time was < one

minute per view. For both FFDM and BT, the probability of ma-

lignancy was rated on a Breast Imaging-Reporting and Data Sys-

tem- (BI-RADS) based scale: BI-RADS 1, 2, 3, 4A, 4B, 4C, and

5 (Table 2). For patients with suspicious findings, the authors

proceeded to biopsy to obtain histopathological examination of

the specimens.

Results

Ninety-three patients of 1,615 had a suspicious finding on

FFDM and/or BT (Table 3). In 81 out of 93 (87.1%), both

FFDM and BT showed a suspicious finding (BI-RADS ≥

4A) which was confirmed in 79 (97.5%) cases. In 81 women

16 were categorized as “4A’’, 45 as “4B’’, five as “4C’’, and

five as’’ BI-RADS class 5’’. In seven patients of 93 (7.5%)

with a negative FFDM, BT showed a suspicious lesion (BI-

RADS ≥4A) which was confirmed in six cases (85.7%).

From these six cases, three were BI-RADS 4B, two in 4C,

and one in 5. In five of 93 (5.4%) patients with a positive

finding on FFDM and a negative BT, final pathological di-

agnosis was negative.

From the previous results, FFDM had a detection rate

(correct diagnosis) in 80 cases of 93 (86%) (Table 4) and

BT had correct diagnosis in 90 cases of 93 (96.8%), with

statistically significant difference (p < 0.01) (Table 5). Fur-

thermore, it was suggested that FFDM, BT, and combined

FFDM and BT had 91.9% (79 out of 86), 96.6% (85 out of

88), and 97.5% (79 out of 81) PPV, respectively, with no

statistically significant difference comparing BT and com-

bined FFDM-BT (p > 0.05). 

Discussion

According to the present results, two-view BT performed

was better than 2D digital mammography in diagnostic

field. An almost similar conclusion of previous research

data for readers with the least experience [6-9] was reported

by Wallis et al. (Table 5) [10]. In addition, recent data in-

dicated that even one-view BT is not inferior to two-view

digital mammography [6], having the same or slightly

higher diagnostic performance [11]. Gennaro et al. con-

cluded that combining one-view digital BT and one-view

mammography improves readers capabilities in detecting

and characterizing breast lesion [12]. According to the pres-

ent findings, BT confirms expectations for the improve-

ment of breast cancer PPV and DR [13, 14] and preliminary

conclusions of older data [15]. Furthermore, a hybrid of

one-view BT and the opposite view from 2D mammogra-

phy is reported to show results in higher diagnostic per-

formance than two-view 2D mammography alone [16].

However, the full potential of BT is currently unknown and

more work is required using comprehensive and clinically

relevant methodologies using the most rigorous analytical

methods [17]. Although it is believed that the benefits of

BT include improvement in screening sensitivity and speci-

ficity, the results of some reports are conflicting and re-

ductions in sensitivity of 4-9% have been reported for BT

Table 1. — BI-RADS classification system.
Category Assessment Probability Clinical Management

of malignancy

0 Incomplete Further evaluation

(diagnostic mammogram, 

ultrasonographic image)

1 Negative Follow-up every 12 months

2 Benign finding Follow-up every 12 months

3 Probably benign ≤ 2 % Follow-up every 6 months

finding

4 Suspicious for 3-94 % Biopsy

malignancy

4A Low suspicion Biopsy

for malignancy

4B Intermediate Biopsy

probability for

malignancy

4C Moderate concern Biopsy

for malignancy

5 Highly suspicious ≥95% Biopsy

finding 

6 Proven malignant 100% Treatment

lesion

Table 2. — Separating the 93 cases in accordance with pos-
itive or negative diagnosis for malignancy from FFDM and
BT.
N(93) Digital mammography Breast tomosynthesis

(FFDM) (BT)

81 + +

7 - +

5 + -

Table 3. — Categorizing the diagnosis of the 93 cases from
FFDM confirmed with histopathological diagnosis.
N(93) FFDM True True False False

positive negative positive negative

81 + 79 - - 2

7 - - 1 - 6

5 + 0 - 5 -

SUM 80 /93 13/93

Table 4. — Categorizing the diagnosis of the 93 cases from
BT confirmed with histopathological diagnosis.
N(93) BT True True False False

positive negative positive negative

81 + 79 - 2 -

7 + 6 - 1 -

5 - - 5 - 0

SUM 90/93 3/93
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compared to 2D mammography [6, 11, 18]. However, only

one of these studies, focusing specifically on calcifications,

reported a statistically significant reduction [18]. Con-

versely, other studies report higher sensitivity for BT when

performed alone (even with just one-view of BT) [19], or

in combination with 2D mammography [20, 7, 21-24],

which is in accordance to the present findings concerning

PPV. BT has been reported to enhance breast cancer visi-

bility [15] and “detectability” [25], requiring only 50% of

the contrast level needed with 2D mammography [26], thus

enhancing the sensitivity for detection of speculated masses

and architectural distortions [17, 22]. 

As for specificity, it is reported that it is generally higher

for BT than 2D mammography [6, 11, 7, 21]. Only a few

studies mentioned lower specificity for BT compared to 2D

mammography [18, 27]. As a result, recall rate (for non-

cancer cases) is reduced using BT alone and by adding BT

mammography [7, 28-31]. It can be suggested that an “old

request” [32], increasing diagnostic accuracy in women

with dense breasts, can be achieved with BT. 

In conclusion, the present authors found an advantage

to perform BT which allows the acquisition of three-di-

mensional (3D) digital image data and could solve the

problem of interpreting mammographic features produced

by tissue overlap [33-35] and more in dense breasts [36-

38]. Moreover PPV of breast cancer detection is increased

according to the present data. The next future is repre-

sented by C-view technology: C-view images are gener-

ated from the 3D tomosynthesis data acquired during the

mammography exam, eliminating the need for additional

2D exposures. The combination 3D and C-view 2D im-

ages results in less time under compression, for greater pa-

tient comfort, and a lower radiation dose, while still

providing the 2D images required as part of FDA-ap-

proved 3D mammography screening exam. Clinical stud-

ies have shown that screening with 3D mammography

technology using C-view imaging results in clinical per-

formance superior to that of a conventional 2D mammo-

gram. Taking this into account with C-view [39], a

“virtual” digital mammography after BT can be achieved

and the combination of both methods could maximize the

PPV for suspicious lesions without increasing the radia-

tion dose. Finally, BT shows promise in screening women

for breast cancer. Age initiation and/or frequency of the

method should be determined. However, taking into ac-

count previous data related to 2D mammography [40, 41],

it could be suggested that BT as a screening tool could be

proposed to women older than 40 years and in women with

high mammographic density, as in dense breasts, BT helps

in differentiating the lesion malignancy rate [42].
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