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Abstract

Introduction: In recent years, significant advancements have been made in the
field of breast imaging. The present study provides an overview of keywords and
the participation trends of various countries in the field through scientometric
analysis. Moreover, research funding from institutions in the field of breast
imaging, as an important factor contributing to scientific progress, is also
examined.

Methods: Relevant articles were extracted from the Web of Science database,
and their data were analyzed using Python scripts to evaluate keyword trends
and research support.

Results: The results indicated that research on breast imaging primarily focuses
on the keywords “breast cancer” and “mammography,” while the use of “deep
learning” has grown substantially since 2014. The National Institutes of Health
(NIH) is at the forefront of funding these studies, and other organizations, such
as the National Natural Science Foundation of China and the National Cancer
Institute, also play significant roles. Other entities, including the World Health
Organization and the Japan Cancer Research Institute, have also provided
notable support.

Conclusion: Funding trends show that support from the NIH peaked in 2014,
whereas the National Cancer Institute and the National Science Foundation
exhibited varying patterns of funding. Internationally, the National Natural
Science Foundation of China has significantly increased its support by 2022, and
organizations such as the Korea National Research Foundation have taken a
more active role. This reflects a growing global effort in breast imaging research.
In recent years, the use of “deep learning” has risen significantly, underscoring
an increasing interest in artificial intelligence and deep learning for breast
imaging analysis.
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Introduction

The present study, using scientometric
methods, examines four decades of scientific
production in the field of breast imaging and
provides a comprehensive analysis of
keywords, research trends, and scientific
support. This research indicates that breast
imaging, as a key area in the diagnosis and
monitoring of breast cancer, has experienced
significant growth in scientific output.
Particularly in Iran, studies show that
international  collaborations  with  other
countries, such as the United States and Canada,
have increased, and concepts such as apoptosis
and polymorphism have been the most frequent
in the literature (1, 2). However, challenges,
such as fluctuations in annual participation and
financial limitations, still persist. Universities
of Medical Sciences in Tehran and Shiraz have
been identified as the main centers of scientific
production in this field (3, 4).

In recent years, artificial intelligence (Al) has
played a significant role in improving the
accuracy and efficiency of breast imaging.
Studies demonstrate that the use of Al in
mammography and breast ultrasound can
increase cancer detection rates and reduce false
positives (14, 15). Deep learning algorithms and
convolutional neural networks have contributed
to the improvement of automated breast cancer
diagnosis (5, 6). However, clinical validation of
these technologies still requires further
research.

Ghalambaz (7), in a recent study that included
12,462 articles from the Web of Science
database, analyzed and examined the progress
of research in the field of breast imaging. In
Ghalambaz’s study (7), the countries,
institutions, and articles with the most
significant impact in the field of breast imaging
were identified, and subsequently, the patterns
of collaboration between countries and
institutions were investigated. The findings
indicated that the University of Pennsylvania,
with 235 scientific documents, was a leader in
this field, and journals in medical physics and
radiology had the highest number of
publications in this area. Over time, the number
of articles in this field has seen remarkable
growth, increasing from two articles in 1980 to
967 articles in 2022. Additionally, international
scientific collaborations, particularly in the
United States, have played a crucial role in the
expansion of this research. The present study
builds on Ghalambaz’s (7) work by examining
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keywords, trends in scientific production, and
the trajectory of research support in the field of
breast imaging.

Methods

Ghalambaz (7) conducted a detailed search in
the Web of Science database for a scientometric
study on breast imaging. The search query,
designed to include a wide range of related
keywords, identified 12,637  relevant
documents. The data was published openly in
Mendeley
(https://doi.org/10.17632/msk8npw99x.1) and
analyzed using Python. Further statistical
details on authors, article types, temporal
distribution, countries, and subject areas are
available in the open research (7). The same
dataset and Python code were used to analyze
keywords and funding supports.

In this study, a detailed analysis of the extracted
funding information was conducted. Supporting
institutions were identified and categorized
using word-processing techniques. An initial
dictionary of funding institutions was then
created. Variations in the naming of some
institutions were observed. For example, the
National Natural Science Foundation of China
(NSFC) appeared in various forms, such as the
National Science Foundation of China and the
NSFC. Therefore, multiple names of a single
institution were merged into one unified name.
Since a single research project may be
supported by multiple institutions, the number
of supported records can exceed the total
number of records examined.

Results and discussions

Breast cancer is the most prominent keyword in
breast imaging research, representing 27.7% of
total publications with 2,992 articles and 48,603
citations. This dominance underscores the
critical role of breast imaging in identifying,
diagnosing, and monitoring breast cancer.
Techniques such as mammography, ultrasound,
and advanced imaging methods enable early
detection of abnormalities, facilitating timely
intervention and improved patient outcomes.
Mammography, the second most common
keyword, accounts for 10% of publications and
is vital for breast cancer screening, particularly
in detecting early-stage  abnormalities.
Ultrasound, another key term, is widely used for
real-time imaging and differentiating between
cysts and solid masses, especially in individuals
with dense breast tissue.
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Deep learning has emerged as a crucial area in
breast imaging research, with 481 articles and
6,978 citations, highlighting its growing
importance. Artificial intelligence algorithms,
particularly those based on deep learning, are
being developed to enhance the accuracy and
efficiency of breast cancer detection and
diagnosis. These technologies minimize human
error and support clinical decision-making,
demonstrating their potential to transform
breast imaging practices. Additionally,
interdisciplinary research on breast imaging
continues to expand, as evidenced by the broad
coverage of terms, such as “breast” and “breast
imaging”, which encompass various techniques
and applications.

The analysis of keyword distribution across
eight countries highlights significant trends in
breast imaging research. The United States
dominates in frequencies for terms, such as
"breast cancer,” "mammography," "breast
imaging," and "magnetic resonance imaging,"
with China and South Korea often following
closely. Terms such as "deep learning" and
"ultrasound" are also highly prevalent in the
United States and China, while other countries,
such as India, the UK, Germany, Italy, and
Canada, show lower or  moderate
representation. South Korea and Germany
occasionally appear in subsequent rankings;
however, their overall presence 1is less
pronounced compared to the United States and
China.

The UK and Canada exhibit similar patterns,
with balanced representation across keywords
such as "breast cancer" and "mammography,"
though they do not lead in most categories.
Similarly, Germany and Italy demonstrate
comparable trends, particularly in terms such as
"mammography," "breast,” and "ultrasound,"
maintaining  moderate  but  consistent
representation across various keywords.
Significant global support has driven
advancements in breast imaging research,
particularly among leading countries. The
United States has demonstrated a strong
commitment by supporting 1,825 research
studies, emphasizing innovation in breast
cancer diagnosis and treatment. Similarly,
China has invested heavily in 1,248 projects,
reflecting its strategic focus on early diagnosis
and management of breast diseases. The United
Kingdom has contributed to 382 projects,

prioritizing the accuracy and efficiency of
breast cancer diagnostics. These efforts
highlight the critical role of breast imaging
technologies in improving patient outcomes and
advancing healthcare solutions.

Canada and South Korea have also made
substantial contributions, supporting 299 and
279 projects, respectively, with a focus on
enhancing early diagnostic methods and
integrating advanced technologies into
healthcare. Germany, Spain, and Italy have
further reinforced this global effort, supporting
233, 192, and 185 projects, respectively. These
investments aim to improve the precision and
quality of breast imaging, underscoring the
importance of early and accurate diagnosis in
breast cancer care.

Leading funding institutions in breast imaging
research, such as the NIH, the NSFC, and the
National Cancer Institute (NCI), have made
significant contributions to advancing the field.
The NIH stands out with 1,083 supported
projects, 35,354 citations, and an h-index of 92,
reflecting its dominant role and the high impact
of its funded research. The NSFC, with 468
projects and an h-index of 40, plays a key role
in China, while the NCI, though supporting
fewer projects, 197, achieves a comparable
impact with 5,630 citations and an h-index of
41. Other organizations, such as the NSF and
the Department of Defense’s Breast Cancer
Research Program, also contribute
meaningfully, albeit on a smaller scale.

Figure 1 shows the trend of funding support for
breast imaging research from 2000 to 2022 for
different organizations. The figure reveals
significant contributions by major organizations
worldwide. In the United States, NIH
demonstrated consistent support, with a
significant increase starting in 2004 and
peaking at 75 projects in 2014, reflecting its
strong commitment to advancing breast
imaging research. NCI showed more
variability, with funding peaking at 25 projects
in 2018 before declining, likely due to shifting
priorities or budget constraints. NSF, while
supporting fewer projects, maintained steady
involvement, reflecting its broader scientific
mission. These trends highlight the sustained
efforts of the United States institutions in
driving innovation and progress in breast
imaging.
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Figure 1: Funding trends of the top eight institutions from 2000 to 2022

Globally, NSFC exhibited remarkable growth,
increasing from no projects in the early 2000s
to 88 by 2022, underscoring China's strategic
focus on scientific advancement in breast
imaging. Canada’s Natural Sciences and
Engineering Research Council and Korea’s
National Research Foundation also showed
steady growth, with peaks in 2021 and 2022,
respectively, reflecting their evolving priorities
and commitment to medical technology. Cancer
Research UK maintained relative stability until
2017, followed by a decline, while China’s
central universities saw a significant surge in
funding after 2019, likely due to policy changes.
These global efforts demonstrate the diverse
and dynamic landscape of breast imaging
research, driven by both national and
institutional priorities.

Conclusions

The study analyzed 12,637 records from the
Web of Science in the field of breast imaging,
examining popular keywords and research
funding trends. The evolution of keywords and
country contributions over time was also
explored. The bibliometric analysis reveals a
growing interest in breast imaging, highlighting

key findings:

"Breast cancer" is the central focus in breast
imaging research, often linked with
"mammography," "deep learning," and

"convolutional neural networks," reflecting the
growing role of Al and machine learning in this
field. It is the most common keyword root
(2,992 articles; 27.7% of total articles; 48,603
citations), followed by "mammography" (1,081
articles; 10% of total articles; 17,253 citations)
and "breast imaging" (4.6% of articles).

Since 2014, "deep learning" has seen a
significant rise in popularity, indicating
increasing interest in Al and deep learning for
breast imaging analysis.

NIH is the leading supporter of breast imaging
research, funding 1,083 projects (10% of the
dataset) with the highest citations (35,354) and
an h-index of 92, demonstrating its global
influence.

NSFC and NCI also play key roles, supporting
468 and 197 projects, respectively. The NSFC
has 7,070 citations and an h-index of 40, while
the NCI has 5,630 citations and an h-index of
41, both significantly impacting breast cancer
imaging research.

Funding trends show sustained support from the
NIH, peaking in 2014, while the NCI and NSFC
exhibit variable patterns. Internationally, the
NSFC significantly increased its funding by
2022, alongside other entities, such as the
National Research Foundation of Korea,
reflecting intensified global efforts in breast
imaging research.
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Figure 2: Word cloud map of keyword stems for the top 100 keywords. Each keyword begins with a capital letter.
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Table 2: Top twenty keywords in breast imaging
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Root of Keywords Total Total Publications Total H-
Publications (%) Citations Index
Breast Cancer 2,992 27.7 48,603 91
Mammography 1,081 10.0 17,252 58
Breast 716 6.6 11,749 51
Breast Imaging 493 4.6 7,165 41
Deep Learning 481 4.5 6,978 39
Ultrasound 412 3.8 7,385 43
Breast Neoplasm 389 3.6 6,648 40
Magnetic Resonance Imaging 341 32 4,562 35
Computer-Aided Diagnosis 331 3.1 7,153 42
Convolutional Neural Network 312 2.9 4,664 35
Image Analysis 312 2.9 7,281 45
Digital Breast Tomosynthesis 307 2.8 3,578 32
Body Imaging 265 2.5 6,022 43
Image Segmentation 263 2.4 3,664 33
Image Processing 262 2.4 4,645 32
Ultrasonography 229 2.1 3,025 31
Segmentation 224 2.1 2,566 27
Classification 214 2.0 2,780 27
BI-RADS: Breast Imaging-Reporting and Data System 211 2.0 3,311 32
Digital Mammography 199 1.8 3,645 32
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Figure 3: Trends of the top 20 keywords over time
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Table 3: Top eight countries by number of supports in breast imaging

Supports USA China

UK Canada

South Korea  Germany Spain  Italy

1,825 1248 382 299

233 192 185
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Table 4: Top twenty supporting sources in breast imaging

Supporting Sources

Total Total Publications  Total H-

Publications (%) Citations Index
National Institutes of Health (NIH) 1,083 10.0 35,354 92
National Natural Science Foundation of China (NSFC) 468 43 7,070 40
National Cancer Institute (NCI) 197 1.8 5,630 41
National Science Foundation (NSF) 95 0.9 1,551 24
Natural Sciences and Engineering Research Council of 74 0.7 882 18
Canada (NSERC)
National Research Foundation of Korea (NRF) 54 0.5 742 13
Cancer Research UK (CRUK) 45 0.4 1,275 18
Fundamental Research Funds for the Central Universities 44 0.4 706 14
(FRF)
GE Healthcare 40 0.4 1,263 15
Grant-in-Aid for Scientific Research (KAKEN) 37 0.3 293 8
National Council for Scientific and Technological 32 0.3 185 10
Development (CNPq)
American Cancer Society (ACS) 32 0.3 941 15
National Key Research and Development Program of China 31 0.3 426 11
Department of Defense (DoD) 31 0.3 497 13
Canadian Institutes of Health Research (CIHR) 28 0.3 296
National Key R&D Program of China 27 0.2 116
European Union (EU) 26 0.2 463 11
Breast Cancer Research Foundation (BCRF) 26 0.2 271
Department of Defense Breast Cancer Research Program 26 0.2 276
(DoD BCRP)
National Institute of Biomedical Imaging and Bioengineering 26 0.2 618 15

(NIBIB)

2 Department of Defense Breast Cancer Research
Program (DoD BCRP)

! National Science Foundation (NSF)
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Figure 5: Support trends of the top eight institutions from 2000 to 2022
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