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ABSTRACT

The main purpose of this work is to study the ability of denoising algorithms to reduce the radiation dose in Digital
Breast Tomosynthesis (DBT) examinations. Clinical use of DBT is normally performed in “combo-mode”, in which, in
addition to DBT projections, a 2D mammogram is taken with the standard radiation dose. As a result, patients have been
exposed to radiation doses higher than used in digital mammography. Thus, efforts to reduce the radiation dose in DBT
examinations are of great interest. However, a decrease in dose leads to an increased quantum noise level, and related
decrease in image quality. This work is aimed at addressing this problem by the use of denoising techniques, which
could allow for dose reduction while keeping the image quality acceptable. We have studied two “state of the art”
denoising techniques for filtering the quantum noise due to the reduced dose in DBT projections: Non-local Means
(NLM) and Block-matching 3D (BM3D). We acquired DBT projections at different dose levels of an anthropomorphic
physical breast phantom with inserted simulated microcalcifications. Then, we found the optimal filtering parameters
where the denoising algorithms are capable of recovering the quality from the DBT images acquired with the standard
radiation dose. Results using objective image quality assessment metrics showed that BM3D algorithm achieved better
noise adjustment (mean difference in peak signal to noise ratio < 0.1dB) and less blurring (mean difference in image
sharpness ~ 6%) than the NLM for the projections acquired with lower radiation doses.
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1. INTRODUCTION

Digital Breast Tomosynthesis (DBT) is a novel x-ray medical imaging modality in which a limited number of low dose
projections from a narrow angular range are acquired as the x-ray tube moves over an arc.’ A 3D volume is
reconstructed from these projections and tomographic sections of the breast are generated. The advantage over 2D digital
mammography is that tomosynthesis reduces the tissue superposition, which could impair the visibility of lesions.” In
2011, the Food and Drug Administration (FDA) allowed the clinical use of DBT in the United States in “combo-mode”,
in which, in addition to the projections, a 2D mammography was taken with the standard radiation dose.® As a result,
patients have been exposed to radiation doses higher than used in digital mammography. Efforts to reduce the radiation
dose in DBT examinations are of great interest because of the patient’s risk of radiation-induced cancer.** However, a
decrease in the dose leads to an increased quantum noise level in the image, which potentially affects diagnostic

6,7
performance.”

This work is aimed at assessing the feasibility of the use of denoising techniques, which could allow for dose reduction
while keeping the image quality acceptable. We investigated two “state of the art” denoising techniques: Non-Local
Means (NLM)® and Block Matching 3D (BM3D)’, which have been applied to a set of DBT projections acquired at
different radiation dose levels, lower than the regular dose used in clinical examinations. Selected quantitative measures
of image quality were used to estimate the percentage of dose reduction that, in combination with denoising techniques,
would produce images of comparable quality as those acquired with the full radiation dose.

*mvieira@sc.usp.br;  phone +55-16-3373-9353;  fax +55-16-3373-9372; www.sel.eesc.usp.br

Medical Imaging 2015: Physics of Medical Imaging, edited by Christoph Hoeschen, Despina Kontos,
Proc. of SPIE Vol. 9412, 94122C - © 2015 SPIE - CCC code: 1605-7422/15/$18 - doi: 10.1117/12.2082398

Proc. of SPIE Vol. 9412 94122C-1

Downloaded From: http://spiedigitallibrary.org/ on 07/15/2016 Ter ms of Use: http://spiedigitallibrary.or g/ss/Ter msOfUse.aspx



2. METHODOLOGY

2.1 Non-local means

Buades ef al. first presented the Non-Local Means (NLM) algorithm in 2005.* Unlike conventional denoising
techniques, the NLM does not take into account only the local characteristics of the image when calculating the
estimated denoised value of a pixel; it also considers the self-similarities that can be found in natural images. To do so,
the algorithm gives different weights to identified similar patches and calculates the estimated value of the noiseless
pixels by averaging these patches.

Let v = {v(i)| i € I} be the noisy image. The estimated noiseless image, ¥ is calculated by:*

0=, WEvO) M

where {w(i, j)}; are the weights for each patch, satisfying the following conditions: 0 < w(i,j) < 1and X ; w(i,j) = 1.

The weights are calculated considering the distance between each chosen patch v(N;) and the patch being
processed v(N,), using the following equation:®

1 - lhao-vaply,

w(i,j) = 70 ¢ n? (2)

where / is a parameter used to control the amount of noise to be removed by the filter and Z (i) is a function used for
normalization, given by:*
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2.2 Block-matching 3D

The Block-Matching 3D (BM3D) algorithm was originally proposed by Dabov ez al. in 2007.° This algorithm works in
two basic steps. In the first step, it creates a preliminary estimate of a noiseless image using a wavelet-based denoising
algorithm, which works grouping similar patches into a 3D stack. A square window of size n is selected from the image
and inside this area a patch (P) with size k"% x k"2 is ysed as reference. Every other patch (Q) taken from this area
is compared with the reference (P) using the Euclidian distance between them, as shown in Equation (4):°

lly'(P) — v (@I}

(khard) 2 (4)

d(P,Q) =

where y' is the operator of hard-thresholding in wavelet domain. The threshold value normally is chosen based on the
standard deviation of the noise (o).

Whether the distance d(P, Q) is less than a selected threshold (Thard), the patch (Q) is considered as part of that stack
P (P). Therefore, P (P) can be described as:’

P(P) = {Q:d(P,Q) < thard} (5)

In the second step, after creating the 3D groups, the wavelet transform is applied again to each patch, creating a sparse
representation of the stack. After that, a hard-thresholding is applied along the third dimension of the stack. Finally, the
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wavelet inverse transform is performed and the result is processed to avoid problems with borders and artifacts. The pre-
estimate of the noiseless image, u?%¥(x), can then be calculated by the following expression:9

2, wpe? Z Xo (s (x)
QeP(P)

Zp WF}’lard ZQEP(P)XQ (X)

(6)

ybasic (x) —

where whard controls what is the priority given to homogeneous patches, ug‘:"gd is the estimated pixel x, which belongs to

the patch Q and was obtained by the collaborative filtering of the reference patch P, and xq(x) is a binary function where
if x € Q, then xq(x) = 1, else xo(x) = 0.

The second step is the collaborative Wiener filtering. This step uses the same method for matching patches into 3D
blocks that were used in the first step. The pre-estimate image, ubasic(x) is used as a reference to the Wiener filtering in
order to generate the final estimate of the denoised image.

2.3 Image acquisition

In order to evaluate the denoising methodology, a set of DBT projections was acquired using an anthropomorphic
physical breast phantom,'® prototyped by CIRS, Inc. (Reston, VA) with a license from the University of Pennsylvania
(Penn). The breast phantom consists of six slabs, each containing simulated anatomical structures manufactured using
tissue mimicking materials, based upon a realization of the breast software phantom developed at Penn.'' The phantom
simulates a 450 ml breast, compressed to 5 cm, with 17% volumetric breast density (excluding the skin). In addition to
the normal breast anatomy, for the purpose of this work, simulated microcalcifications were included in the phantom.
The cluster was simulated using Calcium Oxalate (99%, Alfa Aesar, Ward Hill, MA). Individual pieces of Calcium
Oxalate of different sizes (ranging from 106um to 2000um) were sieved and placed on a piece of single-sided Scotch
tape, to mimic a cluster. The tape with simulated cluster was positioned between slabs of the physical phantom before
imaging. Figure 1(a) shows a photograph of all slabs of the anthropomorphic breast phantom used in this study. One of
the simulated microcalcifications clusters can be seen in Figure 1(b), which is an enlarged photograph of the rightmost
slab at Figure 1(a).

Figure 1 — Anthropomorphic physical breast phantom used for acquiring DBT images to evaluate the denoising algorithms.

A set of phantom images was acquired using a clinical DBT machine (Selenia Dimensions, Hologic, Bedford, MA).
First, we acquired a set of 15 DBT projections using the Automatic Exposure Control mode (AEC) of the clinical
machine. This acquisition provides us all the optimized parameters automatically set for this phantom. Then, we switch
to Manual mode and acquired five sets (with 15 projections each) using the same parameters provided by the AEC
mode. This was done to guarantee that all set of images were acquired using the same exposition parameters. This set
was called “100% dose”, as it represents the images acquired using the standard radiation dose provided by the

Proc. of SPIE Vol. 9412 94122C-3

Downloaded From: http://spiedigitallibrary.org/ on 07/15/2016 Terms of Use: http://spiedigitallibrary.or g/ss/TermsOfUse.aspx



equipment. Then, we altered the “current x time” parameter (mAs) in order to obtain set of images in different doses,
holding all the other parameters provided for the AEC mode. Using this approach, we acquired DBT projections at 4
different doses: 100%, 85%, 70% and 50% of the regular dose, changing only the mAs between the expositions. For
each case, we acquired a group of 5 DBT images, in order to get different noise realizations for each one of the radiation
doses. At the end, we generated a database with 300 images: 15 projections at each acquisition x 4 different doses x 5
acquisitions at each dose.

Moreover, we acquired 10 additional projections sets of the physical phantom using the same parameters as for the 100%
dose group. These images were averaged to obtain a good approximation of a noiseless image. This image was used as a
ground-truth for all the image quality measurements conducted in this study. These sets were acquired separately from
the initial 5 sets at 100% dose to avoid quality assessment bias.

Tomographic slices were generated from all synthetic projections using a commercial DBT reconstruction software'
(Briona™ 3D, Real-Time Tomography, LLC, Villanova, PA). This software uses a filtered back projection algorithm to
generate reconstructed slices on planes parallel to the breast support at various depths of the breast volume. For this
study, we generated slices 1.0 mm thick on a slice spacing of 1.0 mm.

Figure 2 shows an example of the DBT images acquired with the anthropomorphic breast phantom: shown on the left is
an example of the central projection (acquisition angle = 0°) and on the right an example of a reconstructed slice. The
black arrows indicate the location of one simulated microcalcification cluster.

Figure 2 — Examples of DBT images acquired with the anthropomorphic physical breast phantom: a) central projection; b)
reconstructed slice. The black arrows indicate the location of one simulated microcalcification cluster.

2.4 Image Quality Descriptors

We considered some objective image quality metrics to evaluate image quality before and after denoising and also to
adjust filter parameters. Objective measurements were performed by the calculation of the following image quality
metrics: peak of signal-to-noise ratio (PSNR),"® mean structural similarity index (MSSIM)'* and sharpness."’

The PSNR represents the ratio between the maximum possible power of a signal and the power of the corrupting noise
that affects the fidelity of its representation. Typically, the PSNR value is given in decibels (dB) and a higher PSNR
would normally indicate denoising of higher quality."> The MSSIM index includes human visual perception in the
measurement by extracting information about the luminance, contrast and structure of an image. It was designed to
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improve traditional signal-fidelity measures. Structural similarity index (SSIM) is calculated on various windows, which
should be displaced pixel-by-pixel in the image. In practice, the mean value of the SSIM indexes (MSSIM) of all
windows is used to evaluate the overall image quality. The resultant MSSIM index is a value between -1 and 1, where a
value of 1 can be reached only in the case of two identical images.'* Both PSNR and MSSIM are full reference image
quality assessment metrics, i.e., a reference image (ground-truth) is necessary to calculate those parameters, as they
compare two signals by providing a quantitative score that describes the degree of similarity between them. In this work,
the ground-truth was created by averaging 10 noisy images acquired with normal radiation dose, as explained before.

One of the biggest problems related to denoising algorithms is the fact that normally they blur the image during the
process of removing noise. Blurring is a big concern when working with medical images because it can impair de
detection of subtle lesions, as microcalcifications, by radiologists. Thus, for image quality assessment we also consider
the measurement of image sharpness. Sharpness is a non-reference image quality measurement and provides a measure
related to the clarity of detail and edge definition of an image. We measured the sharpness of DBT images considering
an extended gradient-based Tenengrad method proposed by He and Greenshields."

2.5 Workflow of this study
This study was conducted based on the following procedures:

1. We calculated image quality assessment metrics for regions of interest (ROIs) of size 512 x 512 pixels, that includes
one microcalcification cluster, extracted from all DBT projections acquired with the physical phantom at all radiation
dose levels (100%, 85%, 70% and 50% dose image group). We measured the parameters for all 5 images (noise
realizations) of each projection and averaged the results.

2. NLM and BM3D denoising algorithm was applied to all the projection images acquired in reduced radiation doses
(i.e. 85%, 70% and 50%). Filtering parameters of both algorithms were adjusted to produce denoised images with the
same quality (in terms of the objective metrics) of those acquired with the standard radiation dose (100% dose image
group).

3. Image quality assessment metrics were calculated again for the ROI’s extracted from the denoised projections, in
order to evaluate the similarity between the images from different radiation dose after applying denoising.

4. Using the reconstruction software we obtained tomosynthesis slices of all radiation dose image groups.

5. Objective image quality assessment metrics were then calculated from the reconstructed slices, using ROIs of size
512 x 512 pixels extracted from 15 slices of each one of the image groups, including those generated after denoising.

3. RESULTS AND DISCUSSION

3.1 Analysis of tomosynthesis projections

Figure 1 shows the results of PNSR and MSSIM measurements for the DBT projections of each radiation dose sub-set,
prior to the filtering process. Each value was calculated by averaging the results of five samples of each projection
image. We can see in Figure 1 that the reduction in the radiation dose degrades the quality of DBT projections.

Table 1 shows the mean and standard deviation of PSNR and MSSIM measurements for all projections in its respective
dose prior to denoising. The goal of our study is to filter the projections acquired with lower radiation doses (85% 70%
and 50%) to achieve similar quality than the projections acquired with the standard dose (100%). Thus, we filtered all
the projection images acquired with 85% 70% and 50% of the standard dose using both NLM and BM3D algorithms.
The filter parameters for both algorithms, presented at last two columns of Table 1, were optimized in order to have a
good noise removal with minimal blurring and also to approximate the values of PSNR and MSSIM to the values
previously calculated for the images obtained with 100% of the dose.
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Figure 1 — (a) PSNR and (b) MSSIM average measurements calculated for projections images acquired at 100%, 85%, 70%
and 50% of the standard radiation dose. Values in squared brackets are the mean and standard deviation calculated for all 15
projections in each dose. These values were used to adjust denoising parameters.

Table 1: PSNR and MSSIM mean and standard deviation values for all projections in each radiation dose prior to denoising.
The last two columns show the parameters used for NLM and BM3D respectively to generate filtered projections with
similar quality to the images acquired with 100% dose.

Radiation Dose PSNR (dB) MSSIM h iy G (BM3D)
100% 36.76 £ 0.06 0.830+0.003 - -
85% 36.13 £0.05 0.810 +0.003 0.0036 1.19
70% 35.41 +£0.06 0.790 = 0.004 0.0038 1.77
50% 34.07 £0.05 0.730 = 0.004 0.0050 2.54

After denoising using both algorithms, all projections were evaluated again in terms of PSNR and MSSIM to confirm
how close those images became of the normal dose. These results are presented at Figure 2 for the NLM and Figure 3 for
the BM3D algorithms, respectively.
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Figure 2 — Image quality assessment of the DBT projections in terms of (a) PSNR and (b) MSSIM after denoising by the NLM
algorithm. We measured these parameters for all 5 images of each projection and averaged the results.
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Figure 3 — Image quality assessment of the DBT projections in terms of (a) PSNR and (b) MSSIM after denoising by the
BM3D algorithm. We measured these parameters for all 5 images of each projection and averaged the results.

As can be seen at Figures 2 and 3, the BM3D algorithm performed better noise adjustment than the NLM for the
projections acquired with lower radiation doses. The mean difference in terms of PSNR measurements between
projections acquired with full radiation dose and half dose, for example, was 2.68 dB (Figure 1). After denoising, the
mean difference between PSNR measurements were reduced to 0.54 dB for the NLM and 0.09 dB for the BM3D
algorithms. Thus, BM3D denoising was capable to remove noise from the low-dose projections to generate filtered
images very similar to those acquired with the standard radiation dose. Regarding the NLM algorithm, it removed more
noise than necessary to adjust the quantum noise level of the low-dose images.

Figure 4 shows one example of the results obtained with both denoising algorithms. The image on the left (a) shows a
ROI (with a cluster of microcalcifications - size ranged from 850um to 2000um) extracted from the central projection
acquired at 100% of the standard radiation dose. Image (b) shows the same ROI extracted from a projection acquired
with 50% of the standard dose. Images (c) and (d) show the resulting image after denoising using NLM and BM3D
algorithm, respectively. Images presented in Figure 4 show that the image acquired with 50% of dose reduction has more
noise than the image acquired with the standard radiation dose, as expected. After applying the filtering procedure
proposed in this work, this image become more similar to the 100% dose image and the microcalcifications were
preserved.

(b) (d)

Figure 4 — ROIs showing a cluster of microcalcifications extracted from the central projection of the anthropomorphic breast
phantom acquired at (a) standard radiation dose and (b) 50% of the standard dose. Images (c) and (d) show the same ROIs
extracted from the image acquired with 50% of the standard dose after being filtered by the NLM and BM3D algorithms,
respectively.
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In addition to PSNR and MSSIM, we also measured the sharpness of all ROIs extracted from the projections images
after denoising and compared to the sharpness of the full-dose image set, in order to evaluate how blurred become the
filtered images, after denoising, compared to the images acquired with the standard radiation dose. Figure 5 shows the
values of sharpness calculated for all projections acquired with lower radiation dose after being filtered by NLM and
BM3D, compared to the ones acquired with full dose.
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Figure 5 — Image quality assessment of the DBT projections in terms of sharpness after denoising by the (a) NLM and
(b) BM3D algorithm. We measured these parameters for all 5 images of each projection and averaged the results.

Analyzing the results presented in Figure 5 we can observe that the BM3D removes noise with less blurring than the
NLM algorithm. Considering a radiation dose reduction of 50%, for example, the mean difference in terms of sharpness
after denoising, compared to the 100% dose image, was approximately 10.4% for the NLM and 6.1% for the BM3D
algorithm.

3.2 Analysis of reconstructed tomosynthesis images

We used the reconstruction software, described previously, to generate tomographic slices of each image set. Then,
following the same procedure we use to assess the projections before the reconstruction step, we also calculated the
image quality assessment metrics for ROI’s of size 512 x 512 pixels extracted from 15 DBT slices (slices #35-50)
selected of all image sets, before and after denoising. Slices were selected to include the center slice where the
microcalcification cluster was on focus with seven slices below and seven slices above the center slice, with a step of
1.0 mm. We measured the parameters for all 5 images (noise realizations) of each slice and averaged the results.

Thus, we could evaluate the influence of a reduction in the radiation dose, and also of the proposed denoising
methodology, in the quality of the reconstructed DBT images. Figure 6 shows the results of PNSR and MSSIM
measurements for the DBT slices of each radiation dose group, prior to the filtering process. Each value was calculated
by averaging the results of five samples of each reconstructed tomographic slice.

Analyzing the graphs in Figure 6 we can notice that the reconstruction algorithm improved the quality of the DBT slices
in comparison to the projections images (see Figure 1). Moreover, the slices reconstructed from lower dose projections
are of less quality then the slices generated from projections acquired at standard radiation dose.
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Figure 6 — PSNR and MSSIM calculated for ROIs extracted from 15 tomographic slices reconstructed from the projections
acquired at 100%, 85%, 70% and 50% of the standard radiation dose (before denoising). We measured these parameters for all
5 images of each slice and averaged the results.

We reconstructed DBT slices using denoised projections and recalculated the image quality assessment for such
reconstructed slices. Figure 7 and 8 show the results of PSNR and MSSIM measurements for the slices reconstructed
from the projections denoised by NLM and BM3D algorithms, respectively. Each value was calculated by averaging the
results of five samples of each one of 15 selected tomographic slices, as explained previously.
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Figure 7 — PSNR and MSSIM measurements calculated for 15 ROIs extracted from tomographic slices reconstructed with low-
dose projections acquired at 85%, 70% and 50% of the standard radiation dose, after being filtered by NLM algorithm. We
measured these parameters for all 5 images of each slice and averaged the results.
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Figure 8 — PSNR and MSSIM measurements calculated for 15 ROIs extracted from tomographic slices reconstructed with low-
dose projections acquired at 85%, 70% and 50% of the standard radiation dose, after being filtered by BM3D algorithm. We
measured these parameters for all 5 images of each slice and averaged the results.

Results presented in Figures 7 and 8 show that BM3D algorithm, again, achieved better noise adjustment than the NLM
for the slices reconstructed from projections acquired with lower radiation doses. However, although the image quality
between projections had been very similar after BM3D filtering, as seen in Figure 3, after the reconstruction the
similarity was not so high. Before denoising, the mean difference in terms of PSNR measurements between projections
acquired with full radiation dose and half dose, for example, was 3.41 dB (Figure 6). After denoising, the mean
difference between PSNR measurements was reduced to 1.30 dB for the NLM and 1.18 dB for the BM3D algorithm. We
believe that optimizing the combination of the reconstruction and denoising methods may achieve a further improvement
in image quality. Such an optimization is objective of our future work.

Figure 9 shows one example of the results of reconstructed slices obtained with both denoising algorithms. The image on
the left (a) shows a ROI (with a cluster of microcalcifications ranging from 850um to 2000um) extracted from a slice
reconstructed from projections acquired at 100% of the standard radiation dose. Image (b) shows the same ROI extracted
from a slice generated from projections acquired with 50% of the standard dose. Images (c) and (d) show slices from
projections acquired with 50% dose after being filtered by NLM and BM3D algorithm, respectively. Images presented in
Figure 9 show that the slices from projections acquired with 50% of dose have more noise than the slices from standard
radiation dose, as expected. After applying denoising, slices from filtered projections become more similar to the 100%
dose image and the microcalcifications were preserved.

(b)

Figure 9 — ROIs showing cluster of microcalcifications extracted from DBT slices of the anthropomorphic breast phantom
reconstructed from projections acquired at (a) standard radiation dose and (b) 50% of the standard dose. Images (c) and (d)
show the same ROIs extracted from slices reconstructed using projections acquired with 50% of the standard dose after being
filtered by the NLM and BM3D algorithms, respectively.
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Finally, we measured the sharpness of all ROIs extracted from the selected slices after denoising and compared to the
sharpness calculated for the slices of the full-dose image set, in order to evaluate how blurred become the slices which
were reconstructed from denoised projections, compared to the images acquired with the standard radiation dose. Figure
10 shows the values of sharpness calculated for all slices from projections acquired with lower radiation dose after being
filtered by NLM and BM3D, compared to the ones acquired with full dose.
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Figure 10 — Image quality assessment of the reconstructed slices in terms of sharpness after the projections being denoised by
the (a) NLM and (b) BM3D algorithm. We measured these parameters for all 5 images of each slice and averaged the results.

Slices reconstructed from projections acquired with lower radiation dose, after being filtered by the BM3D algorithm,
were slightly less blurred (in terms of the calculated sharpness measure) than those filtered by the NLM algorithm.
However, the mean difference in terms of sharpness, after denoising, between the low-dose and the 100% dose images
increased after reconstruction. Considering a radiation dose reduction of 50%, for example, the mean sharpness
differences have increased to approximately 18.9% for the NLM and 16.2% for the BM3D algorithms.

4. CONCLUSIONS

In this work we investigated the use of “state of the art” denoising algorithms to allow dose reduction in DBT.
Projections images were acquired on a clinical DBT machine at different dose levels, using an anthropomorphic breast
phantom with inserted simulated microcalcifications. We processed all projections acquired with reduced dose using
both NLM and BM3D algorithms aimed at reaching the same image quality as standard-dose images. This way, reduced
doses improve patient safety while denoising help maintain high image quality.

Assessment using image quality metrics such as PSNR and MSSIM showed that both denoising algorithms could filter
projections acquired at the reduced radiation dose. However, BM3D algorithm achieved better noise adjustment (mean
difference in peak signal to noise ratio < 0.1 dB) than the NLM for the projections acquired with lower radiation doses.
Moreover, BM3D removed the noise with less blurring, measured in terms of sharpness, than the NLM algorithm (mean
difference in image sharpness ~ 6%). NLM removed more noise than necessary to adjust the quantum noise level of the
low-dose images because the algorithm does not work properly if you use very small values of 4. In this case, the
adjustment was not so perfect and the filter over denoised the projections.

After reconstruction, similar results were achieved. Reconstructed slices from denoised projections were very similar to
slices reconstructed from the projections acquired with standard radiation dose. However, the similarity was not so high
than achieved for the projections (mean difference in peak signal to noise ratio ~ 1.2 dB), because the reconstructing
algorithm modified the noise characteristics of the images. In the case of reconstructed slices, again, BM3D filter
performed better noise adjustment than NLM algorithm.
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Some of the limitations of this paper and future directions are now addressed. One limitation is that all DBT images used
in this study were acquired using a physical breast phantom. We chose to use phantom images because this allows us to
acquire several DBT images with different radiation doses without concern about patient’s absorbed radiation exposures
and without inserting movement artifacts in our images. However, a further study using clinical data must be conducted
to properly evaluate the possibility of using denoising techniques to reduce dose in DBT imaging.
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