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A B S T R A C T

In this work, we present an open-source MATLAB software tool for mammography image annotation. The tool
has an easy-to-use graphical user interface enabling simultaneous visualization of both breasts. Annotations
can be assigned to six categories for abnormal breast tissue: malignant mass, benign mass, malignant calcification,
benign calcification, malignant architectural distortion, benign architectural distortion. Furthermore, characterization
details, such as, morphology of the abnormality, can be assigned to each annotation. Optional examination-
level breast density assessment can also be specified. This tool has been successfully applied as part of the
data collection pipeline in already published deep learning-based segmentation and classification studies.

Code metadata

Current code version v1.3
Permanent link to code/repository used for this code version https://github.com/SoftwareImpacts/SIMPAC-2023-465
Permanent link to Reproducible Capsule
Legal Code License MIT License
Code versioning system used git
Software code languages, tools, and services used MATLAB (MathWorks, Natick, MA, United States)
Compilation requirements, operating environments & dependencies MATLAB R2023a, Image Processing Toolbox
Link to developer documentation/manual https://github.com/MIPT-

Oulu/MammogramAnnotationTool_public/blob/Rev1.3.0/README.md
Support email for questions antti.isosalo@oulu.fi

1. Introduction

Breast cancer is the most common cancer among female popu-
lation [1]. The survival rate for breast cancer is high when it is
found in its early stages (e.g. [2]). Mammography is a widely used
imaging modality for breast cancer screening to search for tumors in
symptomless women for early detection of breast cancer.

Mammography images are typically evaluated by two experienced
radiologists to find suspicious changes in breast tissue. Due to the
complex and varying nature of the breast tissue (e.g., tissue superim-
position), interpretation can be challenging. Radiographic appearance
of a breast depends on amount of fat, stroma, and gland, where fat
appears as radiolucent and the other two mentioned as radiopaque [3].

DOI of original article: https://doi.org/10.1016/j.compbiomed.2023.107023.
∗ Corresponding author.
E-mail address: antti.isosalo@oulu.fi (A. Isosalo).

1 Contributed equally to this work.

Radiographically, cancerous cases can be identified by inspecting a
mass density, specific shape and border characteristics of mass, exis-
tence of microcalcifications and architectural distortions. In addition,
asymmetries between the left and right breast in mammography images
are assessed [4]. Changes in the breast tissue, in comparison to normal
parenchymal patterns, can be subtle and small. These submillimeter-
size changes encountered in mammography result in a demand for high
resolution.

In a screening setting, images are commonly acquired from four
standard views, i.e., right and left side both for craniocaudal (CC) and
mediolateral oblique (MLO) views. The images are stored in Digital
Imaging and Communications in Medicine (DICOM) format which is an
international standard for medical images and related information (ISO
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Fig. 1. Annotation tool graphical user interface (GUI) components. Right and left mammographic views are shown with markup for several abnormalities. Pop-up dialog for
dditional characterization can be seen on the bottom left side in the figure and the auxiliary study listing on the bottom right.
ource: Mammograms courtesy of Breast Research Group, INESC Porto, Portugal.

2052:2017). It comprises detailed information about image acquisi-
ion parameters, such as, imaging protocol, image processing, radiation
ose, and imaging device and software version.

Several general-purpose software platforms and packages exists for
rocessing medical images: 3D Slicer,2 [5] Insight Toolkit,3 [6] Medical

Imaging Interaction Toolkit,4 [7] and Fiji5 [8] to name few. However,
hese software platforms and packages have also several features and
unctionalities which might not be relevant for the task at hand and
ould require customization. Therefore a dedicated software may be
ore preferable. There exists only a few dedicated software for mam-
ography annotation [9,10]. For example, Zheng et al. have developed

n online tool written in Java for annotating mammograms [9]. This
ool was applied to provide an annotated case library for educational
urposes. Dembrower et al. have implemented an in-house MATLAB-
ased annotation tool for mammography images as a part of their
ata collection of 1,182,733 screening examinations. However, it is not
penly available [10].

Our current work describes a mammogram annotation tool to fa-
ilitate pixel-wise annotation of breast abnormalities observable via
reast imaging. The MammogramAnnotationTool was designed and
eveloped together with radiologists to be easy to use and so that it
upports necessary image processing features. Furthermore, the tool
nables structured outputs to ensure a common representation format
or the defined reference standard. The tool is based on MATLAB (Math-

orks, Natick, MA, United States), a commonly used environment for
cientific computing with libraries also for the construction of user
nterfaces. The tool has been used as a part of a data collection pipeline
n studies related to deep learning-based breast mass segmentation
nd screening mammography examination classification [11,12]. The
xperiments reported in these studies were performed in a supervised
earning fashion, typically requiring accurately annotated examples
erified by an experienced radiologist or a group of radiologists.

2 https://www.slicer.org/
3 https://itk.org/
4 https://www.mitk.org/
5 https://fiji.sc/

2. Software description

MammogramAnnotationTool provides means for reviewing and per-
forming free-form markup for mammography screening examinations
having the four standard views. Keyboard and mouse shortcuts for
annotations, panning, zooming, windowing, and study selection are
offered for user-friendly and efficient use. The user can switch between
examinations with couple of different ways, e.g., using arrow keys or
via list of all examinations specified by a Comma-Separated Values
(CSV) file which is requested in the data requirements (see https://g
ithub.com/MIPT-Oulu/MammogramAnnotationTool_public/blob/Rev1
.3.0/README.md). In more detail, the main functionalities included in
the software are:

• It enables viewing screening mammography examinations with
exactly four standard views.

• It enables the user to input breast density assessment and stores
the information as CSV files.

• It enables three groups of free-form pixel-wise contours to be
drawn to annotate malignant and benign masses, malignant and
benign calcifications, and malignant and benign architectural
distortions with the possibility to assign additional characteriza-
tions based on Breast Imaging Reporting and Database System
(BIRADS) [13].

• It automatically produces pixel-wise masks for each annotated
view and the previously mentioned breast abnormalities and
stores them as 8-bit Portable Network Graphics (PNG) files.

• It automatically produces view-wise image-level labels (see for
example [12]) based on the pixel-wise annotation masks defined
as binary labels indicating malignancy (labeled as 1) or the
absence of it (labeled as 0) and benignity (labeled as 1) or the
absence of it (labeled as 0), which are currently combined view-
wise and stored as CSV files and specifically aimed at allowing
the replication of the experiments reported by Wu et al. [14].

• It automatically creates a data structure (binary MATLAB MAT-
file) to save progress containing all data related to examination
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Fig. 2. Conceptual illustration of the annotation tool software components. Associations are represented by solid connectors with arrows. Filled diamond connector cap represents
omposition.

annotations, also the more intricate abnormality related binary
labels.

he conceptual illustration of the main software components and their
ssociations are presented in Fig. 2 in a form of a class diagram-like
raphical notation.

As one particularly useful feature, our software provides a values of
nterest look up table (VOI LUT) conversion function for mammography
ata ported from Pydicom [15] to MATLAB script. To highlight, the VOI
UT conversion is an essential post-processing step for mammography
mages. It specifies a potentially non-linear conversion for the pixel
alues transforming them into meaningful values for viewing purposes,
hus making the reading more efficient.

. Impact

The developed annotation tool is specifically designed for screening
ammography examination annotation with four standard views. An

mportant requirement for a tool in this context is for it to be interac-
ive. The software allows for markup of benign and malignant findings
howing simultaneously right and left mammograms (Fig. 1), their
etailed characterization, and potential removal. The GUI windows for
he views can be placed based on user preferences, on two screens or
ide-by-side on one screen. The possibility for side-by-side viewing is
ery important, as radiologists often compare breast images to each
ther to detect discrepancies in the tissue structure.

So far, this annotation tool has been used in our studies related
o deep learning-based mass segmentation and classification of mam-
ography images [11,12]. In these studies, the tool has been utilized

or approximately 3,000 malignant suspect examinations with 12,000
mages of a Finnish screening mammography dataset, covering several

and Senograph Essential DS, GE Healthcare, Chicago, Illinois, United
States, with Standard Operating Procedure (SOP) Class Unique Iden-
tifier (UID) 1.2.840.10008.5.1.4.1.1.1.2. Additional testing
has been conducted utilizing examinations from the Portuguese IN-
breast dataset [16], and we expect that our software can be used
for versatile data. The encountered dimensions for mammograms for
presentation were 5928-by-4728, 4740-by-3540, 3062-by-2394, 2294-
by-1914, 3328-by-2560 and 4084-by-3328.

The MammogramAnnnotationTool development repository can be
found on GitHub (https://github.com/MIPT-Oulu/MammogramAnnot
ationTool_public/). User contributions and development ideas are very
welcome.

4. Limitations and future work

The software is currently limited to be used with mammography
screening examinations with exactly four standard views, requiring the
user to prepare their desired dataset for annotation according to this
specification. No safety precautions have been taken, other than saving
the progress up to the previously annotated examination, to account
for situation where one or more of the expected views are missing. An-
other limitation concerns removing annotations. In case of overlapping
annotations, all annotations sharing the specified coordinates will be
removed.

In addition to producing annotated data prior to experimental
phase, the tool could also be utilized in an active learning fashion (see
for example [17]). Specifically, the tool could be included within a
machine learning pipeline to facilitate answering interactive queries
and provide labels to new data instances selected by the active learning
algorithm. This could potentially reduce the annotation cost in terms
of annotated examinations.
ammography imaging device versions, namely Senograph Essential

3

https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/
https://github.com/MIPT-Oulu/MammogramAnnotationTool_public/


A. Isosalo, S.I. Inkinen, H. Heino et al. Software Impacts 19 (2024) 100599
Funding statement

This work was supported by funding from the Jane and Aatos
Erkko Foundation, Finland and the Technology Industries of Finland
Centennial Foundation. Antti Isosalo received funding from the Wihuri
Foundation, Finland (grant no. 210099 and no. 220106), and the
Finnish Cultural Foundation (grant no. 10221743). The funding sources
had no involvement in study design; in the collection, analysis and
interpretation of data; in the writing of the report; and in the decision
to submit the article for publication.

CRediT authorship contribution statement

Antti Isosalo: Conceptualization, Methodology, Software, Re-
sources, Writing – original draft, Visualization. Satu I. Inkinen:
Conceptualization, Methodology, Software, Resources, Writing – orig-
inal draft, Supervision, Project administration, Funding acquisition.
Helinä Heino: Methodology, Software, Writing – review & editing.
Topi Turunen: Conceptualization, Software, Writing – review &
editing. Miika T. Nieminen: Conceptualization, Resources, Writing
– review & editing, Supervision, Project administration, Funding
acquisition.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgments

Pieta Ipatti, Lucia Prostedná and Jarmo Reponen are acknowledged
for scientific discussions regarding the annotation tool. Inês Domingues
is acknowledged for providing the INbreast database.

References

[1] H. Sung, J. Ferlay, R.L. Siegel, M. Laversanne, I. Soerjomataram, A. Jemal,
F. Bray, Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries, CA: A Cancer J. Clin. 71
(3) (2021) 209–249, http://dx.doi.org/10.3322/caac.21660.

[2] O. Ginsburg, C.-H. Yip, A. Brooks, A. Cabanes, M. Caleffi, J.A. Dunstan Yataco,
B. Gyawali, V. McCormack, M. McLaughlin de Anderson, R. Mehrotra, A. Mohar,
R. Murillo, L.E. Pace, E.D. Paskett, A. Romanoff, A.F. Rositch, J.R. Scheel, M.
Schneidman, K. Unger-Saldaña, V. Vanderpuye, T.-Y. Wu, S. Yuma, A. Dvaladze,
C. Duggan, B.O. Anderson, Breast cancer early detection: A phased approach
to implementation, Cancer 126 (S10) (2020) 2379–2393, http://dx.doi.org/10.
1002/cncr.32887.

[3] D. De Benedetto, D. Abdulcadir, E. Giannotti, J. Nori, E. Vanzi, L. Capaccioli,
Radiological anatomy of the breast, Italian J. Anatomy Embryol. 121 (2016)
20–36, URL https://oajournals.fupress.net/index.php/ijae/article/view/1541.

[4] IARC Working Group, Breast Cancer Screening, Vol. 15, International Agency for
Research on Cancer, 2016, p. 469, URL https://www.ncbi.nlm.nih.gov/books/
NBK546556/.

[5] A. Fedorov, R. Beichel, J. Kalpathy-Cramer, J. Finet, J.-C. Fillion-Robin, S.
Pujol, C. Bauer, D. Jennings, F. Fennessy, M. Sonka, J. Buatti, S. Aylward,
J.V. Miller, S. Pieper, R. Kikinis, 3D slicer as an image computing platform
for the quantitative imaging network, Magn. Resonan. Imaging 30 (9) (2012)
1323–1341, http://dx.doi.org/10.1016/j.mri.2012.05.001, Quantitative Imaging
in Cancer.

[6] M. McCormick, X. Liu, L. Ibanez, J. Jomier, C. Marion, ITK: Enabling repro-
ducible research and open science, Front. Neuroinform. 8 (2014) http://dx.doi.
org/10.3389/fninf.2014.00013.

[7] I. Wolf, M. Vetter, I. Wegner, T. Böttger, M. Nolden, M. Schöbinger, M.
Hastenteufel, T. Kunert, H.-P. Meinzer, The medical imaging interaction toolkit,
Med. Image Anal. 9 (6) (2005) 594–604, http://dx.doi.org/10.1016/j.media.
2005.04.005.

[8] J. Schindelin, I. Arganda-Carreras, E. Frise, V. Kaynig, M. Longair, T. Pietzsch,
S. Preibisch, C. Rueden, S. Saalfeld, B. Schmid, J.-Y. Tinevez, D.J. White,
V. Hartenstein, K. Eliceiri, P. Tomancak, A. Cardona, Fiji: An open-source
platform for biological-image analysis, Nature Methods 9 (7) (2012) 676–682,
http://dx.doi.org/10.1038/nmeth.2019.

[9] Y. Zheng, M. Wu, E. Cole, E.D. Pisano, Online annotation tool for digital
mammography, Acad. Radiol. 11 (5) (2004) 566–572, http://dx.doi.org/10.
1016/S1076-6332(03)00726-8.

[10] K. Dembrower, P. Lindholm, F. Strand, A multi-million mammography image
dataset and population-based screening cohort for the training and evaluation
of deep neural networks—the cohort of screen-aged women (CSAW), J. Digit.
Imaging 33 (2) (2020) 408–413, http://dx.doi.org/10.1007/s10278-019-00278-
0.

[11] A. Isosalo, H. Mustonen, T. Turunen, P.S. Ipatti, J. Reponen, M.T. Nieminen, S.I.
Inkinen, Evaluation of different convolutional neural network encoder-decoder
architectures for breast mass segmentation, in: Medical Imaging 2022: Imaging
Informatics for Healthcare, Research, and Applications, vol. 12037, Society of
Photo-Optical Instrumentation Engineers, International Society for Optics and
Photonics, 2022, pp. 207–214, http://dx.doi.org/10.1117/12.2628190.

[12] A. Isosalo, S. Inkinen, T. Turunen, P. Ipatti, J. Reponen, M. Nieminen, Indepen-
dent evaluation of a multi-view multi-task convolutional neural network breast
cancer classification model using finnish mammography screening data, Comput.
Biol. Med. 161 (2023) 107023, http://dx.doi.org/10.1016/j.compbiomed.2023.
107023.

[13] L. Liberman, J.H. Menell, Breast imaging reporting and data system (BI-RADS),
Radiol. Clin. North America 40 (3) (2002) 409–430, http://dx.doi.org/10.1016/
S0033-8389(01)00017-3.

[14] N. Wu, J. Phang, J. Park, Y. Shen, Z. Huang, M. Zorin, S.a. Jastrzȩbski, T.
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