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ABSTRACT

Digital Mammography (DM) technique is a well-rooted mode of imaging for early breast cancer detection
and diagnosis. After the introduction of digital imaging in the field of radiology, several progressive meth-
odologies have been developed, specifically tomographic imaging methodologies that are capable of captur-
ing intricate details. The three dimensional (3D) Digital Breast Tomosynthesis (DBT) is one of such meth-
odologies which has witnessed extensive penetration in clinics and possesses the capabilities to replace DM
for the screening of breast cancer in the future. A lot of pre-acquisition processes of DBT influence its per-
formance clinically. Therefore, this research focuses on the comprehensive review of the DBT system hard-
ware design, the X-ray supply geometry optimization, radiation dose for breast glandular tissue, X-ray image
scatter and breast compression minimization.

Keywords: Digital Breast Tomosynthesis, Acquisition Geometry, Image Acquisition, Radiation Dose, X-Ray

Scatter.

1. INTRODUCTION

Standard mammography is a preferred
mode of imaging as it is non-invasive, cost-effi-
cient and time-efficient. It involves comparatively
low, ionising radiation doses, but the Digital
Mammography (DM) which has a two Dimen-
sional (2D) attribute leads to a superposition of
tissues. therefore, imposes two challenges: the de-
crease in the visibility of the lesion (impacting
sensitivity), found in glandular tissue density po-
sitioned below and/or above a lesion, and the ver-
tically-separated nature of two or more regular tis-
sue structures, seems to be exactly the same as the
projection of a lesion (decreasing specificity),
both phenomena result in a sensitivity and speci-
ficity of 83.5%, and 90.9% respectively for DM

methodologies developed. They include; Computed
Tomography (CT) image of the breast and dedicated
DBT [5, 6. 7, 8.9, 10, 11]. Although the dedicated
breast CT has a lot of potentials, the DBT is presently
the most growing technology in the clinical field. It
has been approved for clinical use in the United
States of America (USA) and across the world (refer
to Table I). In DBT, a limited number of X-ray pro-
jections are acquired from a narrow angular range

screening [1]. However, for women with dense
breasts, these values may be lower [2, 3, 4].

An introduction of digital procurement
has enabled improvements in DM. One of the nu-
merous issues that are mitigated by digital acqui-
sition includes avoidance of the screen-films lim-
ited range of linear response. Then again, a 2D
projection is obtained from a traditional mam-
mography from its corresponding (3D) object,
keeping the superposition of breast tissue problem
unresolved. The utmost improvement in DM is
probably its adjustability. This enables the ad-
vancement in imaging methodologies which
eliminates some of the constraints of DM. To an-
nul the information losses observed in the third
dimension, there were two new imaging

that enables pseudo tomographic imaging, and then
these projections are combined to reconstruct a
pseudo-3D image. The development of DBT has
been discussed in-depth by the authors in [12, 13]. In
1997, the DBT imaging was initially proposed by Ni-
klason et al. In the DBT imaging of the breast, the
acquisition geometry is comparable to that utilized in
DM, the only distinguishing factor being, the rota-
tion of the x-ray tube about a plane, around the breast
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which is statically compressed and a sequence of im-
ages are realized with one at either side of the x-ray
tube location (Figure. 2). The detector can be fixed
or rotates during the acquisitions in order to preserve
its top- most surface, which is normal to the x-ray
tube [14, 15]. A reconstruction algorithm is imple-
mented to process the series of projections acquired.
The algorithm uses various locations to project the
same tissues so that their vertical position can be cal-
culated and thereby the 3D distribution of the tissues
can be estimated. As a result of the restricted angle
of projection acquisitions, the DBT is distinguished
using the anisotropic spatial resolution, with consid-
erably low resolution in the perpendicular direction,
and the planes which are parallel in direction to the
detector, exhibit very large spatial resolution. Fur-
ther, the low anisotropic spatial resolution within the
depth’s path is considered as adequate in the minimi-
zation of the problem of tissue superposition consid-
erably, thereby reducing its effect on sensitivity and
specificity.

Therefore, this paper will review the image acqui-
sition methods involved in DBT imaging.

Tomosynthesis
Image Acquisition
Process
\ Genr.nerr\' | | | | Bﬁast
—  Hardware Ontini [.l'o : Radiation Dose Xray Scatter Compression
! Redutliu_n_ |
k4 _—
. , Alternative ' ,
General System , , Scatter Reduction
H Desin Motion of an X- Vethods
ray Supply )
»  Detector
. Incidence Angle .

——+ Effect of X-ray on

Detectiol

Figure 1: Block Diagram For DBT Pre-Acquisition
Processes

2. HARDWARE
2.1 General System Design

At present, the majority of the DBT systems con-
stitute of identical elementary modules as digital

—————————
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mammography systems, which include the arm that
holds the x-ray tube, a breast support and compres-
sion plate and a direct or indirect complete field
digital detector. The transformation of a DM sys-
tem into a DBT system is achieved through the ad-
dition of a specific basic hardware, which is the x-
ray tube that has the ability to rotate around a point
on or near to the detector, where the detector has a
comparatively high-speed readout. More extra
modifications have certainly been applied by the
manufacturers to ensure that the DBT system ac-
quisition is optimized more against the DM acqui-
sition, which for instance involves various pixel
binning and x-ray spectrum filtration [26, 27]. In
recent studies, the researchers have substituted the
x-ray tube, as well as the commercial DBT sys-
tem’s gantry (Hologic Selenia Dimensions, Incor-
porated, Bedford) with a nanotube array made of
carbon that spans 370 mm leading to an angular
coverage of 30" and has 31 x-ray sources. A devel-
oped Modulation Transfer Function (MTF) was
yielded by the stationary x-ray source compared to
a typical rotating x-ray tube. An improvement in
the sharpness of phantom microcalcification im-
ages was also observed for the stationary x-ray
source. Some of the challenges that are still unre-
solved, and needed to improve the overall scan time
include exposure time and x-ray tube current, and
detector readout rate [28, 29, 30]. The latest version
of the photon counting detector is made up of a
mechanism of energy resolution, which enables the
acquisition of two images simultaneously [32]. In
spite of this, the tomosynthesis system cannot ac-
quire mammographic images because of the sys-
tem’s acquisition geometry. Some research had
been conducted on an identical slot scanning pho-
ton and its development had been suspended [33].
Tablel provides a summary of the attributes of the
various tomosynthesis systems that are presently
under pre-clinical or clinical use.

2.2 Detectors

In order to optimize the detectors for DBT im-
aging, extensive work has been carried out. Be-
sides the requisites for DM, the detectors for
DBT are required to attain added capabilities. A
few of the desired capabilities include: (i) mini-
mal lag and ghosting, which leads to the intro-
duction of image artefacts [34, 35], (ii) faster
reading time to limit the total acquisition time of
all projections to a minimum, and (iii) low mini-
mization in the Detective Quantum Efficiency
(DQE), at little exposures. As anticipated, there
was an improvement in the binned mode results,
with respect to the Signal-to-Noise Ratio (SNR),
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on the other hand, it possessed a retribution in the
MTF binning path that was aligned to the x-ray’s
supply movement. The binned mode further
diminished the fall in DQE with reducing expo-
sure, which was however comparatively low for
the complete resolution mode. In contrast, there
was a higher lag, with a binned detector, while
for both modes, and the ghosting was insignifi-
cant. At the minimum exposure levels, it was fur-
ther observed that the DQE compared to DBT re-
duction of about 20% only as against the high
levels of exposure.

Translating
X-fay source
s

© »

X-ray beam (‘ k3

Compression
plate '
\z_____::a
Compressed breast ——/-
Support plate “"E’" = -—”-"}
Detector i

Figure 2: Schematic Of A DBT Acquisition [31]

2.3 Incidence angle effect of X-ray on Detec-
tion

Due to the presence of the stationary detector in
DBT systems, the x-ray’s angle of incidence onto the
detector could be considerably enormous. The out-
comes of this enormous angle of incidence over the
MTF have been studied analytically, as well as the
Monte Carlo (MC) simulations for the direct Sele-
nium (Se) detectors, the scintillator-based indirect
detectors, and the empirical study of the Point
Spread Function (PSF) [37, 38, 39, 40, 41]. Badano
et al. first studied the impact over the PSF in the pres-
ence of indirect detectors, using MC techniques,
where the results of the study revealed the anisotropy
presented by the abnormal incidence, and its fluctu-
ation all through the surface of the detector, as a re-
sult of the variable angle of incidence [42, 43].

3112

In a subsequent study on the same work, a systematic
model was devised for the detectors, and the empiri-
cal study of the Point Spread Function (PSF) [37, 38,
39, 40, 41]. Badano et al. first studied the impact
over the PSF in the presence of indirect detectors,
using MC techniques, where the results of the study
revealed the anisotropy presented by the abnormal
incidence, and its fluctuation all through the surface
of the detector, as a result of the variable angle of

incidence [42, 43].
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DBT systems FUJIFILE IMS Planmed Nu- Hologic Philips Mi- Siemens GE
Amulet In- Giotto TOMO ance Excel Selenia Di- cro- Dose Mammomat | Essential [22]
noyality [16, 18,19 DBT [20, 21 mension [23] Inspiration
17] 221 [22, 24, 25]
Filtration 0.7 mm Alu- | 0.05mm Rho- 0.075mm 0.7mm Alu- 0.5mm Al- | 0.05mm Rho- | 0.03mm Mo-
minium (Al) dium (Rh) or Silver minium (Al) uminium dium (Rh) lybdenum
0.05mm Sil- (Ag) or (Al) (Mo)
2 ver (Ag) 0.06mm or 0.025mm
i Rhodium Rhodium
) (Rh) (Rh)
]
Motion Continuous Step and Continuous Continuous | Continuous Continuous Step and
shoot shoot
Type Full Full Full Full field- Line Full Full
field- direct field-direct field-direct direct slit field- direct field-indirect
amorphous amorphous amorphous amorphous | Scan- spec- amorphous
selenium (a- (a-se) selenium (a- (a-se) tral photon selenium (a-
se se) counting se)
silicon (Si)
5
g Size (cm) 24x30 24x30 24x30 24x29 21 line 24x30 24x30
g detectors,
each 24cm
long
Pixel size 150 (ST 85 85 70 (binned 50 85 10
(1m) binned 2x1) 2x2) (perpen-
dicul ar to
motion)
Motion Static Static Rotating Rotating Continuous Static Static
during ex- slit scan
posure b
Grid No No No No No No Yes
Angular 40 (HR) 40 30 15c¢ 11 50 25
range 15 (ST)
(deg)
Number of 15 13c 15 15 21 25 9
- Projection
S Scan 9 (HR) 12 20 3.7 3-10 25 7
Zg time (s) 4(ST)
g Source to 65 68 65 70 66 66.5 66
< detector
distance
(cm)
Detector 4 2 4.37 0 -40 4.7 4
to center
of rotation
distance
(cm)
Method Filtered Iterative with Iterative Filtered Iterative Filtered Back Iterative
§ Back Projec- total varia- Back Projec- Projection
g tion (FBP) tion tion (FBP (FBP)
‘é‘ regularisation
3
&

Table 1: Specification of clinical of Digital Breast Tomosynthesis systems
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and its fluctuation all through the surface of the de-
tector, as a result of the variable angle of incidence
[42, 43]. In a subsequent study on the same work, a
systematic model was devised for the calculation of
the PSF feasible for the indirect detectors under var-
ying environments, without executing the CPU-in-
tensive MC simulations by Freed et al. The same
model was further developed to determine the PSF
for direct detectors [44].

In this study, these analytical models had been
used to understand the dependence of these metrics
on the angle of incidence of the x-rays and on the
design of the detectors.

64 ¢cm

Chest wall
(Y direction)

23.04 ¢cm

. ¥ Digital detector
2cem |

19.2 ¢m
Figure 3: Digital Detector In DBT Imaging [36]

It was observed that the backside-illuminated de-
tectors were limitedly responsive and susceptible to
the incidence angle than the front-illuminated detec-
tors, and hence, for DBT imaging, the backside-illu-
minated detectors would be more appropriate, be-
cause it was less sensitive.

3. GEOMETRY OPTIMIZATION

The acquisition of a DBT image, like most other
medical imaging modalities, includes a number of
parameter selections. The highly researched param-
eter acquisitions in DBT are the ones which play a
significant role in defining the acquisition geometry
which are the projections covered the total angular

range, the distribution of the projections, and the
number of projections. Table I shows the enormous
differences in the values of the geometrical parame-
ters that are used in the latest tomosynthesis systems.
The complexity involved in optimizing these param-
eters are indicated by the values presented in the ta-
ble. Theoretically, it would be presumed that by aug-
menting the projection number and the angular
range, the utmost quality of image could be attained.
In the end, for different angles of projection, the
probability of applying varying tube current expo-
sure time and/or allowing a random distribution of
the angles of projection intensifies the complexity of
the optimization problem over the range of angles.
This might also improve the image quality, particu-
larly for specific clinical procedures (for example,
soft tissue lesion or microcalcification detection)
[45, 46]. Maidment et al. conducted a wire-based
DBT imaging simulation and visualized a rabbit im-
age that possessed a photon-counting DBT system
[33]. The objective of this experiment was to inves-
tigate the geometrical parameter optimal values that
are related to the imaging of the DBT. The wire sim-
ulations were carried out devoid of any additional
noise. It was observed that increasing the projection
number and angular range led to a protocol with an
optimal acquisition. After the analysis of the projec-
tion number’s impact involved with the DBT set for
a second time via the use of clinical images, increas-
ing the number of projections to a maximum, re-
sulted in improved image quality [25]. In one more
study conducted by Ren et al. with the help of a ho-
mogeneous phantom. It was observed that augment-
ing the projection number for a range of angles and
a certain overall dose would result in a minute im-
provement in the CNR’s vertical profile. Whereas
there was a degradation in the in plane image quality
due to the increased number of projections [47].Four
various acquisition protocols (the use of 2-2 pixels
binning was included in a fifth variation) were also
compared in a simulation-based study. By employ-
ing a homogeneous background, a monochromatic x-
ray beam and three distinctive reconstruction tech-
niques conducted by Zhou et al. In this study, the au-
thors made use of a Signal-to-Noise Ratio (SNR) for
assessing in-plane image quality. While in contrast,
for vertical resolution in DBT imaging, the research-
ers utilized a typical metric, referred to as an Artefact
Spread Function (ASF) [48]. Which is defined in the
equation below.

_ Is(2)-1gg(2)
ASF(2) = 15(Zo)-1pG(Zo) 1
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Where | refers to the signal mean value of the pixel,
Igc refers to the background mean value of the pixel,
Z is the current location and Zj is the in-focus plane’s
location. With these metrics, the projections number
and maximized range of angles led to an optimized
image quality, established by Zhou et al. Ghetti and
Sechopoulos further validated

1.0¢
® 5proj = 21 proj
0.8 o 9 proj © 25 proj
: v 13 proj ¢ 31 proj
i a 17 proj ¢ 41 proj
2067 4 61 proj
| =
3
S 04¢ |
0.2 &
(a) 60° ;
0.0 5 . : :
0 2 4 6 8 10

Vertical Location (mm)

Figure 4: ASF From Simulated DBT Images Acquired
With Varying Projection Number And A 600 Range Of
Angles. [49]

the same observation and additionally found that, by
augmenting the projection number for each range of
angles beyond a limit to reduce the artefacts of the
off-focus plane, did not yield improvement or the de-
sired result in the vertical resolution infinitely (Fig-
ure. 4) [50]. In this study, the author had suggested
the “quality factor” metric to analyze these relation-
ships. The “quality factor” is a mixture of the vertical
resolution and the in-plane image quality, which
functions as a metric to correlate the DBT’s image
quality and is expressed as:

CNR

QF = (@)

T ASFy

Here, CNR refers to a measure of the quality of an
in-plane image. ASFy, refers to the ASF’s width. For
example, the z location is the point where the ASF
(z) in equation (1) reaches an amount of 0.2. As
shown in Figure 4, the angles for the number of pro-
jection necessary for attaining a “threshold”, above
which there is no more improvement, is considerably
low in thevertical resolution for a certain range of an-
gles. With a common QF metric, Tucker et al con-
ducted a study using x-ray sources with a stationary
carbon nanotube and made an identical conclusion
on the effect of the range of angles, and the DBT’s
projection number [28].

3.1 Alternative Motion of an X-ray Supply

As depicted in Fig. 2, in the designs for standard
DBT, the X-ray supply progresses in a plane about

an arc, over the breast that undergoes imaging.
Additional designs for DBT have been suggested.
Stevens et al introduced a Circular DBT, in which
the detector and the X-ray supply moved in a circu-
lar plane that was aligned to one another [S1]. On
the other hand, Zeng et al. recommended combin-
ing the DBT acquisition with the acquisition of a
CT scan to achieve an enhanced reconstruction
quality, where a high rate of resolution DBT image
obtained using a standard arc motion, was com-
bined with a low rate of resolution CT image, ob-
tained through an arc-and-line motion [52]. Xia et
al. suggested relocating the X-ray supply in both
arcs, which were normal to one another, so that a
spherical surface part beyond the imaged object
could be encircled [53]. Zhang and Yu also sug-
gested this geometry, where the source rotation
was combined with the rotation of the detector, and
a different way was presented to encompass the
spherical surface, which was a succession of
curved zigzag lines as shown in Figure. 5 [54].
With the use of the two architectures in tandem, the
advantage was that the frequency domain could be
sampled more comprehensively, leading to an en-
hanced image quality. However, there were poten-
tial geometrical issues with the remaining parts of
the patient’s body that needed to be examined for
these geometries to be effective clinically.

4. RADIATION DOSE

The radiation dose accumulated in the breast’s
glandular tissue is a risk of cancer improvement
during breast imaging. Hence, the Mean Glandular
Dose (MGD) was recommended as

2D source scanning surface
defined by zigzag lines

20 source scanning surface
defined by two arcs

detecior

Figure 5: Alternative X-Ray Source Motions
For The Acquisition Of DBT Projections [54]

a cadence for the breast scan’s dosage. Convention-
ally, MGD was measured using the Monte Carlo ap-
proach which simulated the acquisition process that
was implemented to quantify the energy accumu-
lated by the breast in the glandular area. The breast
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representation was generally done very much like the
adipose- glandular tissue composition with a skin
layer enclosure. In general, the air karma in front of
the breast surface acts like a normalising factor for
the MGD, which results in a Normalised mean Glan-
dular Dose (DgN), expressed as the Mean Glandular
Dose (MgD) per unit mGy air kerma, with a unit of
mQGy. To clarify the assessment of the overall MGD
in DBT from an entire acquisition, the Relative Glan-
dular Dose (RGD) metric was introduced, and it is
expressed as in the equation below [55].
DgN(a)
DgNo

RGD(a) = 3)
Where (DgNo) (Dg) N(av) refer to the normalised glan-
dular dose values for the angles of projection 0° and
a, correspondingly. Hence, under the same environ-
ments, o is comparable to the (DgN) for a DM acqui-
sition. With the help of the RGD, the overall (Dg) N
for an entire DBT acquisition can be calculated as
follows:

DgN = DgNo.Za RGD(a) = DgNO -Na-#RGD (4)

Where N(a) refers to the number of projections at-
tained, and (Mrep) refers to the RGD mean included
in the DBT acquisition, for the angles of projection.
If a DBT acquisition leads to a Prgp of unity, then
DgN can be computed by multiplying the applicable
DgNo by the projection number in the acquisition.
For some specific acquisition environments, such as
small overall range of angles, and for a few varying
breast sizes and thicknesses, the estimated (Mrep) had
been found to be very close to unity [56].

5. X-RAY SCATTER

In an X-ray image, the addition, as well as the
identification of the X-ray image scatter signal, in the
captured images lead to a range of effects that in-
clude loss of accuracy, dependency on modality, and
loss of contrast. In a digital mammogram, the scat-
tering of X-ray signals are mitigated by anti-scatter
grids utilization that is positioned between a detec-
tor, and the breast, that satisfactorily consume scat-
tered X-rays, as well as transfer non-scattered X-
rays. However, anti-scatter frameworks are certainly
less impeccable solutions as these include a conse-
quential increased dose of X-rays to the breast, in or-
der to attain a non-grid signal strength about the de-
tector [43, 57, 58]. In DBT, there are two important
reasons why the scatter of an X-ray is more im-
portant than DM: (i) the changeable comparative X-
ray supply’s location with a static detector will cause
an acute saturation of the primary X-rays, by the grid
at non-zero angles of projection, (ii) the already low
exposure available for every projection would be

lowered further due to the inclusion of a grid. In a
study conducted on scatter characterisation, the
Monte Carlo technique was used by Sechopoulos et
al. tocompute the Scatter-to-Primary Ratio (SPR),
and scatter PSF for different breast definitions, and
imaging conditions [59, 60].In this study, the authors
observed that with an increase in the projection angle,
the pieces of the PSF scatter across the opposite side
to the X-ray tube position expanded, while the tails
at the identical side of the X-ray tube position ta-
pered. Moreover, as observed in earlier DM results,
[58, 61] there was no substantial variance in the PSF
scatter with the spectrum of the X-ray, and only a
small variance occurred alongside the Breast Glan-
dular Fraction (BGF). The study of the SPR led to
polynomial-fit equations that were used to find the
SPR at the breast’s projection mass centre. The SPR
is a glandular fraction of breast thickness and the
DBT projection angle. The advantage of this tech-
nique as stated by the authors was that, the impact
the X- ray scatter had on DBT image quality was clear
and substantial, both in mammography and DBT.
However, its effect on clinical performance is yet to
be investigated [62, 63, 64].

5.1 Scatter Reduction Methods

Correction methods and X-ray scatter reduction
can be deemed as advantageous for improving image
quality in DBT. Liu et al. suggested one such scatter
reduction method that was based on a software
method and required no extra hardware [65]. In the
recommended approach, after the reconstruction of
the DBT breast image, the available voxels in the im-
age of the breast that were reconstructed, were linked
to a restricted amount of various mixtures of glandu-
lar tissues and adipose with calcium. The 3D image
was subsequently categorized and put in an MC sim-
ulation system in order to analyze and project the dis-
tribution of the scatter signal in the projections.
However, a rise in noise level was observed as antic-
ipated, through the decrease in the overall signal. X-
ray scatter correction algorithms based on low-fre-
quency scatter signal subtraction from the acquired
projections without reducing the scatter quantum
noise. it is characterized by increasing noise through
a decrease of the overall signal [63, 65]. Feng and
Sechopoulos suggested leveraging the scatter distri-
bution’s known insensitivity to breast composition,
and size to execute a scatter correction based on a
model, in order to reduce the computation time re-
quired for the patient-peculiar MC simulations [66].

6. Breast Compression Minimization

It has been suggested that DBT imaging could be
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Figure 6: Horizontal Sketch Via The Centre Of A Le-
sion In A DBT Reconstructed Slice Indicating A Decrease
In The Values Of The Voxels, As Well As A Contrast Ow-

ing To An X-Ray Scatter Existence [62]

executed with a considerable minimization in the
mechanical compression of the breast, employed in
the course of acquisition when matched to DM. This
can inherently minimize the issue of tissue superpo-
sition faced in the imaging of planes. The authors’
employed lesion conspicuity for calcifications and
masses and then found that there was no significant
contrast in the minimized compression, even on
changing the exposure parameters, in order to con-
tinue with a fixed dose for the breasts. A clinical
study was done by Fornvik et al. By acquiring DBT
images of patients with partly the force employed in
full compression and with full compression, via
identical acquisition technique for both [67, 68]. In
breast imaging, even though the key reason for breast
compression is the minimization of tissue superposi-
tion, there are other reasons as well. Other necessary
considerations for breast compression include mo-
tion artefacts and breast dose, a decrease in the scat-
ter signal of an x-ray and a rise in the number of
breast tissues in the terrain of view. Therefore, be-
fore clinically carrying out DBT with reduced com-
pression, it should be confirmed if a reduction in
compression force would adversely impact these
other factors [69].

6. DISCUSSION:

This paper discusses characteristic of all digital
breast tomosynthesis systems that are variable in
clinical. It is understandable that parameters of digi-
tal breast tomosynthesis imaging that are used in
post-processing. Also, the different methods of re-
construction were used for each system of tomosyn-
thesis. Although the use of objective metrics such as
CNR and ASF yield useful comparative information
on image quality, they do not provide any absolute

relation to diagnostic quality, for which perception
based image quality models are needed. Many re-
search have been performed on lots of the acquisi-
tion parameters and other physical aspects of DBT
image acquisition, such as radiation dose and x-ray
scatter. In many aspects, this has resulted a good un-
derstanding of the issues, with several different re-
search approaches often arriving at similar conclu-
sions.

7.1. Radiation dose

Tomosynthesis is a new digital mammography
tool, with safe radiation doses within the allowed pa-
rameters, that is changing breast cancer diagnosis
thanks to its better performance (improved sensitiv-
ity and specificity) in comparison with traditional 2D
mammography. Radiation dosage is a major concern
for the International Commission on Radiological
Protection due to potential risks of ionizing radiation
in unauthorized doses. Tomosynthesis is considered
a safe procedure as radiation doses it requires are
within parameters established by the Mammography
Quality Standard. Since its approval for clinical use
in 2013, multiple studies have demonstrated that use
of synthesized mammography can decrease radiation
dose by nearly half, while maintaining the perfor-
mance benefits of DBT over FFDM. Although tomo-
synthesis lower resolution than FFDM, with 2Ds,
cancer detection is preserved and the risks of missing
a low-density finding is outweighed by this benefit
as well as the decreased dose. Differences in the ap-
pearance of the 2Ds image exist and this may require
an adjustment period. Future research avenues re-
main to optimize the usage of 2Ds.

7.2. X-ray scatter

The imaging performance of tomosynthesis is
challenged by some physical factors, including de-
tector efficiency, geometry alignment, and x-ray
scatter. Several investigators have studied scatter
properties in mammographic applications with ex-
perimental and analytical methods. Tomosynthesis is
now becoming a new clinical standard, but there are
currently no methods of alleviating the negative ef-
fects of scattered radiation on DBT image quality for
a vast majority of clinical DBT systems. Tomosyn-
thesis reconstructed images fall short of truth even in
the absence of scatter. This is due to limitations in
the reconstruction algorithm and the incomplete
sampling geometry of tomosynthesis. The error in
the reconstructions is further increased by the appar-
ent signal increase due to the presence of scatter. The
detection and inclusion of an x-ray scatter signal in
images obtained in x-ray imaging obtained in wast-
age of contrast, amidst other effects such as wastage
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of accuracy, depending on the method. In mammog-
raphy, the x-ray scatter was treated by the use of anti-
scattering networks between the breast and the de-
tector, which preferentially absorbed scattered x-ray
absorption and the transfer of primary (non-scat-
tered) x-rays. Therefore, anti-scattering networks are
not ideal and include a penalty for increasing the
dose to the breast to achieve the same signal at the
detector.

Recently, researchers are trying to perform a
better evaluation of the clinical impact of the algo-
rithm on detection and diagnosis. One of the main
disadvantages of most DBT systems is large scat-
tered radiation fraction observed at the image recep-
tor. For system modelling and optimization or scatter
correction or removal, a good understanding of the
scatter signal for each of the DBT projections is re-
quired.

To increase image quality, an optimal number of
projections was achieved at a relatively low number.
Other aspects a correction or reduction of the x-ray
scatter signal in DBT projection, still necessitate fur-
ther research before application in clinical DBT im-
aging. The software-based scatter correction algo-
rithm on DBT imaging produced measurable im-
provement in the image quality of the scatters cor-
rection reconstructions. The application of methods
to the reconstruction of images also improve the im-
age quality, including those actionable findings in a
clinical setting.

Current DBT systems, lack x-ray scatter reduc-
tion measures, be it in software or hardware. This
leads to the inclusion of the entirety of the x-ray scat-
ter signal in the tomosynthesis projections, resulting
in reconstruction artifacts and reduced contrast. Ac-
cording to previously developed a software-based x-
ray scatter correction algorithm that when the ac-
quired tomosynthesis projections is applied before
reconstruction, it shown potential in improving im-
age quality.

Finally, the improved accuracy and overall effi-
ciency that DBT can provide will enhance radiolo-
gists’ performance and improve the patient experi-
ence. Future progressive improvements in DBT tech-
nology will likely decrease radiation exposure. In
practice, women who require extra mammographic
views (e.g., technical repeats, implants, or tiled large
breasts) were originally not offered in DBT until we
obtained the ability to perform synthesized mam-
mography. It may help to clarify the issue over
whether the adoption of new technical developments
is able to improve the effective screening for breast
cancer in a population-based context.

8. CONCLUSION

Lot of works on the factors of acquisition have
been done and more visible facets of image acquisi-
tion in DBT that includes X-ray scattering and radia-
tion dose. As a result, the aforementioned has
brought about a great knowledge of the concerns,
with many various investigated methodologies lead-
ing to comparable outcomes. This is seen in the max-
imum number of projections achieved and the im-
proved image quality obtained from the use of a large
angular range. Further works are needed to be done
in the modification of X-ray scatter signals in DBT
projections before it is applied in the clinical domain.
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