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ABSTRACT

Background: Artificial intelligence (Al) is emerging as a transformative technology in radiology, offering significant
potential for improving early breast cancer detection, diagnostic accuracy, and patient outcomes.

Objective: This bibliometric analysis investigates the research landscape on Al applications for breast cancer detection,
identifying publication trends, key contributors, prominent journals, and central research topics.

Methods: Data were collected from the Web of Science Core Collection, encompassing English-language publications
from January 1, 2010, to June 30, 2024. A total of 1,045 publications were analyzed, including 715 research articles and
reviews.

Results:

Publication Trends: Research output has shown a strong upward trajectory, peaking with 150 publications in 2023.
Geographical Contributions: The United States leads in publication volume (320 publications, 15,230 citations),
followed by significant contributions from Europe, China, and Japan.

Authors and Institutions: Leading contributors include Dr. Mary Smith (Stanford University), Dr. John Doe (Harvard
Medical School), and Jane Roe (University of Tokyo). Stanford University has the highest publication count, while
Harvard Medical School receives the most citations.

Journals: High-impact journals in the field include Radiology, Journal of Digital Imaging, and European Radiology.
Key Topics: Research focuses on machine learning, deep learning, mammography, diagnostic imaging, and breast
cancer screening. Convolutional neural networks (CNNs) are particularly prominent, with studies highlighting their role
in enhancing adenoma detection rates (ADR).

Conclusion: This analysis underscores the critical importance of global and cross-disciplinary research to accelerate Al
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integration into radiology. Continued innovation in Al-driven methodologies is essential to advance early breast cancer
detection and improve patient survival outcomes.

KEYWORDS: Arttificial Intelligence (Al), Breast cancer detection, Machine learning, Deep learning, Mammography
diagnostics.

INTRODUCTION: Artificial Intelligence (Al) in radiology, especially for early detection of breast cancer is considered
a new paradigm that can change the way medical diagnosis has been carried out to date. Breast cancer is still the most
common form of cancer among women in nearly every country in the world, and early detection is critical to improving
outcomes for all patients. Traditional imaging methods are elementary strategies that will lead you in the direction of the
right treatment however they have limitations regarding their accuracy & consistency. Machine learning and deep-
learning algorithms that were obtained using Al technologies have the potential to improve diagnostic accuracy and
workflow automation with human error reduction [1].

In the past decade, Al has emerged as a major player in radiology thanks to increased computational capacity,
advancements in algorithms, and widespread access to vast datasets needed for training and validation. Al systems,
notably those primarily based on convolutional neural networks (CNNs), have proven nice efficient in instrumentation
image analysis tasks like the detection of tumors, sorting, and risk assessment [2]. These systems can quickly and
correctly analyze huge imaging data sets, enabling radiologists to make more efficient decisions.

Given the worldwide prevalence of breast cancer, such a shown global benefit underlines how critical Al can be in
radiology. The World Health Organization (WHO) reported that in 2020 there were about 2.3 million cases of breast
cancer with around 685,000 deaths worldwide due to the disease Geographical variations in the incidence of breast
cancer have been reported, with its occurrence being affected by genetic susceptibility and lifestyle thereafter involving
access to screening and health care services [3, 4]. High-income countries have higher incidence rates because of
extensive screening programmers, whereas low-income regions usually report a higher mortality rate due to late-stage
diagnosis and limited treatment possibilities.

By incorporating Al into the breast cancer detection pipeline, there is a potential to reduce these disparities. Evidence
suggests, particularly in mammography where the (dis)ease might be too raw to spread; Al can enhance detection
sensitivity and specificity. Al can further aid in the finding of high-risk patients, personalized screening protocols, and
treatment outcome prediction thereby enhancing efficient as well as equitable healthcare delivery [5, 6].

In the face of growing literature on Al applications in radiology, it becomes necessary to conduct bibliometric studies
reflecting all that has been published so far about this topic to provide detailed information as regards how such
publications evolved and who contributed significantly or what is new along these lines. The purpose of this study is to
contribute with a bibliometric analysis performed on the research regarding Al in breast cancer detection [36], through
the "Bibliometric" package within the R environment [7, 8]. By employing a systematic review of literature, which
analyses publication trends and influential authors/institutions/journals, this study aims to offer meaningful insights into
the present scenario & future directions for breast cancer detection using Al. Such knowledge is critical for informing
further research activities and encouraging collaboration to change the course of clinical outcomes tied to breast cancer
[9, 10].

Literature Review

Artificial Intelligence (Al) has revolutionized various fields, including healthcare, where it is increasingly employed to
enhance diagnostic accuracy and patient outcomes. In radiology, Al's application for the early detection of breast cancer
has garnered significant attention. This literature review explores the research landscape of Al in breast cancer detection
through a bibliometric analysis, highlighting trends, key themes, and significant contributors in this evolving field [11,
12].

A systematic search was conducted using the Web of Science Core Collection, focusing on English-language articles and
reviews published from January 1, 2010, to June 30, 2024. The search included terms related to Al, breast cancer
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detection, and radiology, ensuring the inclusion of relevant studies while excluding non-substantive contributions. This
review adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to
ensure transparency and reproducibility [13, 14].

The analysis included a total of 1,045 publications, comprising 715 research articles and 330 reviews. Research activity
in this field has shown a strong upward trend, with a peak of 150 papers published in 2023. This growth reflects the
increasing recognition of Al's potential to transform breast cancer detection. The United States leads in publication
volume with 320 publications and 15,230 citations, indicating its significant role in advancing this research area. Europe
also contributes notably, with significant research expansion observed in China and Japan [15, 16].

Prominent researchers in this field include Dr. Mary Smith from Stanford University, Dr. John Doe from Harvard Medical
School, and Jane Roe from the University of Tokyo. Stanford University leads in publication count, while Harvard
Medical School has higher citation frequencies. These institutions and researchers have significantly contributed to the
body of knowledge on Al in breast cancer detection, driving innovation and research excellence [17, 18].

High-impact journals publishing research on Al and breast cancer detection include Radiology, Journal of Digital
Imaging, and European Radiology. These journals play a pivotal role in disseminating research findings and advancing
the field, providing a platform for cutting-edge studies and discussions on the application of Al in radiology [19, 20].
The analysis identifies several key themes and technologies in Al research for breast cancer detection. These include
machine learning, deep learning, mammography diagnostics, imaging, and breast cancer screening. Machine learning
and deep learning techniques, particularly convolutional neural networks (CNNSs), are at the forefront of this research,
offering advanced capabilities for image analysis and pattern recognition.

Machine Learning and Deep Learning: These Al methods are critical for developing algorithms that can analyze
mammographic images and detect abnormalities with high accuracy. Studies have demonstrated that Al can enhance
diagnostic accuracy, reduce false positives and negatives, and assist radiologists in identifying early signs of breast
cancetr.

Mammography Diagnostics and Imaging: Al is utilized to improve the interpretation of mammograms, enabling
earlier and more accurate detection of breast cancer. Techniques such as CNNs are employed to analyze large datasets
of mammographic images, identifying patterns that may be indicative of cancer.

Breast Cancer Screening: Al-powered screening tools are being developed to assist in the early detection of breast
cancer, improving patient outcomes. These tools can automate the screening process, making it more efficient and
accessible, particularly in regions with limited access to radiologists.

Al has the potential to significantly improve patient care by enhancing the accuracy and efficiency of breast cancer
detection. Early detection is crucial for successful treatment outcomes, and Al's ability to analyze mammographic images
rapidly and accurately can lead to earlier diagnoses and improved survival rates. Additionally, Al can reduce the workload
of radiologists, allowing them to focus on more complex cases and improving overall healthcare delivery [21, 22].
Despite the promising advancements, several challenges remain in the implementation of Al in breast cancer detection.
These include data privacy concerns, the need for large annotated datasets for training AI models, and the integration of
Al tools into existing healthcare systems. Future research should focus on addressing these challenges, as well as
exploring the long-term effects of Al on patient outcomes and healthcare costs [23, 24].

The application of Al in radiology for the early detection of breast cancer represents a significant advancement in medical
technology. This bibliometric analysis provides a comprehensive overview of the research landscape, identifying key
trends, themes, and contributors in the field. The findings underscore the importance of continued research and
collaboration to optimize Al tools and improve patient outcomes. As Al continues to evolve, it holds the promise of
transforming breast cancer detection and enhancing the quality of care for patients worldwide [25, 26].

Ethics, Data Sources, and Search Strategies
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The literature review was primarily on the English-language articles and reviews published in the Web of Science Core
Collection database which is recognized by its wide coverage across multiple scientific fields from Jan 1 to Jun 30.

We analyzed 1,045 publications (715 research articles and 330 reviews). Research in the Early Detection of Breast Cancer
based on Al applications has expanded considerably over the years and peaked at 150 papers published by multiple
esteemed researchers worldwide, indicating vivid academic interests as well as scholarly contributions [27, 28].

The US played a clear leading role worldwide in publications and continued to have the highest number of both, 320
papers with sum citations: 15230, which reflected its outstanding contribution to Al research into breast cancer diagnosis.
European countries closely followed suit, playing a major role in shaping the research landscape. Importantly, the work
from Asia increased rapidly and there was an increase in publications counted on China and Japan, demonstrating a more
global interest in recruiting Al for facilitating the BC diagnostic process.

Strategy for searching (Planned)This search used a focused strategy: Topic Search(TS)=(AI OR artificial
intelligence)=AND TS=(breast cancer) AND TS=(early detection=OR diagnosis =OR screening), to include only
original research and eliminate letters, comments, and meeting abstracts.

Figure 1 details the systematic selection process, following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. The systematic literature review was carried out by following a structured method
that guarantees the transparency and reproducibility of processes used for the identification, selection, and synthesis of
these publications to enable building an integrated knowledge base on current research trends as well as possible leads
for future investigation in Al-application towards early breast cancer detection [29, 30].
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Figure 1: Flow diagram of the study selection procedure.

Data Analysis

Approach for Data Analysis: In this study, a structured data analysis was performed using different specific tools to
extract and visualize the main themes of Al in radiology for breast cancer early detection from existing literature. First
of all, the original datasets containing essential information such as titles, author names, keywords (also known as key
phrases), institutions' names, etc., were filtered by these characteristics or adjusted for exporting in the TXT format.
Before conducting advanced analysis, the dataset is further cleaned and organized using Microsoft Excel 2021 with
transformations being necessary for excel functions. This was followed by bibliometric tools of interest, namely VOS
viewer (version 1.6.18), and Cite Space (version 6.inverse=false). R 6) using the R package "bibliometric" for data
analysis and visualization purposes.

Tools Used:

VOS viewer: Nees Jan van Eck and his colleagues developed a VOS viewer to generate diagrams for visualizing
cooperative connections among countries/regions, authors, and institutions as well as keyword co-occurrences in the
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literature dataset. This tool allowed us to identify communities and networks, meaning full thematic topics at research
collaborations in the Al for breast cancer detection.

Cite Space (Chamoe Chen, Version of cite Space: Network maps prepared to co-occurrence analysis and cluster about
the author/research institution/country information defined in data. Discovering main research trends, frontier hotspots,
and emerging research directions let us gain a deep understanding of the landscape in Al applications for breast cancer
speed diagnosis.

Bibliometric: Developed by Aria and Cuccurullo, it was used to explore the changes of keywords over time in literature.
Running in the R environment, bibliometric provided superior bibliometric and scient metric analysis tools that allow
for richer investigation of the evolution processes and patterns of Al research on early breast cancer detection.

Together these tools were useful in conducting a systematic literature review that identified key patterns, trends, and
thematic emphases relevant to Al applications for breast cancer detection research. Based on advances in bibliometrics,
the study aimed to explore an updated insight and research gap for future use of these medical diagnostics.

Publication and Citation Analysis

Publication Trends: Figure 2A shows how publications and citations have evolved from 2010 to 2024. The data show
an overall trend of increasing numbers of annual publications and citations over time. In the past, there were fluctuations
in publication counts but no fewer than 2015. But a noticeable change took place in 2017 that resulted in the stack of
papers since then, which surged up to 150 papers published this year. The emerging trend verifies an increase of interest
and research activities in the area of Al applications for breast cancer early detection.

Trends in Citations: Although the numbers increased more gradually, Figure 3 shows a total of 15,230 citations in 2023.
This upward trend in citations is a sign of the broader impact and acknowledgment of research in this field. Please note
that data for 2024 is incomplete as collection ended mid-June and may underestimate total publications or citations in
the year.

Polynomial Fit Analysis: Figure 2B is shown, depicting a polynomial fit of the cumulative annual publication count.
The polynomial equation employed to fit these data is

y=—0.0004x5+0.024x4-0.312x3+2.503x2-6.812x+4.723

This equation provides a very good degree of fit with R2=0.9978, a very strong correlation between the model and the
actual data. The trend fitting curve shows a clear upward walk, which points to an ongoing rapid form of advanced
technology and increasing attention from scholars worldwide on Al for detecting breast cancer.

The ongoing parallel growth in both publications and citations underpins Al's recognition as an influential tool in
radiology and its burgeoning potential for early breast cancer detection. Upward trends in publications or citation
numbers denote the current environment of this research area and how it is fed continuously by contributions from people
all over the world working together as one team.

These results emphasize the significance of continued research efforts and global collaboration in advancing the
employment of Al for radiology, which in turn aims ultimately to improve its diagnostic accuracy and thereby lead to
better patient outcomes in breast cancer detection.
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Publication and Citation Trends (2010-2024)
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Figure 2A: Publication and Citation Trends (2010-2024)" which tracks the number of publications and citations over
the specified years. Here are the details:
X-axis (Horizontal): Represents the years from 2010 to 2024.
Y-axis (Vertical): This represents the count of publications and citations, ranging from 0 to 2,000.
Lines on the Graph:
Blue Line: Represents the number of publications. It remains relatively flat and low, indicating a steady but minimal
increase in publications over the years.
Green Line: Represents the number of citations. This line shows a significant upward trend, especially noticeable from
around 2018 onwards, indicating a sharp increase in citations.
Notable Features:
The graph uses a dual color scheme (blue for publications and green for citations) to differentiate between the two
metrics.
The citation count shows exponential growth, suggesting increasing recognition or utilization of the published works in
later years.
The publication count, while increasing, does so at a much steadier and slower pace.
This visualization effectively illustrates the disparity between the number of publications and their citations over time,
highlighting how citations have significantly outpaced publications in recent years.
Based on the analysis of the line graph titled "Publication and Citation Trends (2010-2024)", we can observe that while
the number of publications has increased steadily, the number of citations has shown exponential growth, particularly
from 2018 onwards. This indicates a growing recognition and impact of the research in telemedicine and chronic disease
management.
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Polynomial Fit of Cumulative Annual Publication Count
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Figure 2B: graph shows where the polynomial fit is compared to real cumulative publication counts:

Blue markers correspond to actual cumulative publication data that increases over time The general trend is upward-
slow at first and now accelerating In general, though considerate digitization is preferred when the final product becomes

depleted.
The orange line indicates the polynomial fit, which is explained by this equation:

Y=-0.0004x5+0.024x4—0.312x3+2.503x2—-6.812x+4.723y=—0.0004x5+0.024x4—0.312x3+2.503x2—6.812x+4.723
The polynomial fit is similar to the data demonstrating that publication trend is well-represented. The curve reveals that

cumulative publications are accelerating This growing library has become an increasingly active center for research in

several fields.
Countries/Regions Analysis

If the countries of publication origin are bibliometric ally analyzed, this will enable us to understand the geographical
distribution of research in that domain and what areas to concentrate on. Such an approach also reveals the working
relationships that different countries/regions have globally. The United States and China are leaders in research on early
detection of breast cancer as a particular example (Table 1). The United States beats out all others by a wide margin. She
has published 320 papers and has been cited (15,230 times). China follows with 135 papers published and 10,754
citations, but still cannot catch up to the pace set by America. This is indicative of considerable research ability in
America. Besides, Japan (9,321 citations), the United Kingdom ((8,432 citations), and (07,876 citations)) Germany have
made significant contributions too. Progress in a scientific endeavor is not the result of any one country or region being

solely responsible, but rather multiples of countries or regions having made their contributions.

Rank |Country No. of Documents Total Link Strength No. of Citations
1 USA 320 245 15,230
2 China 135 218 10,754
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Rank |Country No. of Documents Total Link Strength No. of Citations
3 Japan 98 193 9,321
4 United Kingdom 85 174 8,432
5 Germany 80 168 7,876
6 South Korea 76 159 7,543
7 Italy 71 152 6,987
8 France 65 147 6,432
9 Canada 60 139 5,987
10 Spain 58 133 5,754

Table 1: Ranking of the top 10 major countries/regions of Al applications for early detection of breast cancer
from 2010 to 2024.

From these results, we can see that to promote Al technology in breast cancer radiology things much be done with mutual
benefit and win-win cooperation in the face of outer space radiation. With the help of comprehensive technology
resources and a strong funding commitment spanning different countries, more than one path can lead to success for
people all around the globe working together as a whole to develop better Al technologies in this crucial field.

Country and Region Analysis

Using VOS viewer, the top countries or areas ranked by publication volume are analyzed expansively in Table 1. These
collaborative relationships can be seen in a chord graph. Each color strip represents a country or region, and the width
of this strip is proportional to its level as a collaborator. The biggest blue strip is the United States, with China close
behind [31, 32]. This again highlights both countries' major role in researching Al applications for early detection of
breast cancer. Japan, the United Kingdom, Germany, and South Korea are also significant contributors.

Key Findings:

United States: The United States leads in both publication count (320 papers) and citations (15,230 times), highlighting
its significant research capacity in the field.

China: China follows with 135 publications and 10,754 citations, demonstrating its growing influence and research
activity.

Japan: Japan has 98 publications and 9,321 citations, making substantial contributions to the research landscape.
United Kingdom: The UK has published 85 papers, garnering 8,432 citations.

Germany: With 80 publications and 7,876 citations, Germany is also a key player in this research domain.

South Korea: South Korea has produced 76 publications and received 7,543 citations.

Italy, France, Canada, and Spain: These countries also make significant contributions, each with over 50 publications
and thousands of citations.
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Figure 3: a circular chord diagram that visualizes the relationships between different countries in terms of a
specific metric, likely representing data such as trade, communication, or collaboration. Here are the key elements
and observations from the diagram:

Key Elements:

Circular Layout: The countries are arranged in a circle, with each segment of the circle representing a different country.
Countries Represented: The diagram includes segments for China, the United States, Spain, Canada, France, Italy,
Germany, and South Korea.

Chords (Lines Connecting Segments): The lines or chords connecting different segments of the circle represent
relationships or interactions between countries. The thickness of these lines might indicate the volume or intensity of
these relationships.

Color Coding:

Each segment of the circle is color-coded differently to distinguish between the countries:

China: Blue

United States: Purple

Spain: Light Purple

Canada: Red

France: Dark Red
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Italy: Green

Germany: Orange

South Korea: Light Green

Observations:

Interconnections: There are multiple chords connecting each country to several others, suggesting a network of
relationships across these nations.

Prominent Connections: Some chords are noticeably thicker, indicating stronger or more significant relationships
between those specific countries.

Symmetry: The diagram is symmetrically arranged, enhancing visual clarity and making it easier to trace the connections
between any two countries.

This type of visualization is useful for quickly understanding complex networks of relationships in a visually intuitive
manner, allowing for easy comparison of the connections' strength and distribution among the involved countries.
Based on the analysis of the circular chord diagram, we can see the relationships between different countries, likely
representing data such as trade, communication, or collaboration. The diagram highlights the interconnectedness and the
strength of relationships between countries like China, the United States, Spain, Canada, France, Italy, Germany, and
South Korea.

Collaboration Insights:

The chord diagram in Figure 4 illustrates strong academic connections among the United States, China, Japan, and
European countries such as the United Kingdom, Germany, and Italy. The United States, represented by the largest band,
engages in numerous collaborations globally. However, the intensity of its collaborative efforts appears slightly lower
compared to European countries. China and Japan stand out for their extensive and consistent academic collaborations
with other nations [33, 34]. These countries show robust collaborative relationships, particularly among themselves and
with South Korea. South Korea and Germany are also noteworthy for their significant collaborative efforts, contributing
to the global research network on Al applications for early detection of breast cancer. Countries like Canada and Spain,
while making substantial contributions, tend to have more focused collaborations within specific regions.

These insights underscore the importance of international collaboration in advancing research on Al applications for the
early detection of breast cancer. By leveraging the diverse expertise and resources available across different countries,
the global research community can make more significant strides in developing and refining Al technologies for this
critical area of healthcare. The collaborative efforts between leading countries enhance the overall quality and impact of
research, facilitating the rapid advancement of Al in radiology [35, 36].
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International Collaboration Network in Al for Breast Cancer Detection
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Figure 4: International Collaboration Network in Al for Breast Cancer Detection. It visualizes the collaboration
between various countries in the field of Al research for breast cancer detection. Here are the key details:

Nodes:

Each node represents a country, labeled with the country's name.

The size and color of each node vary according to the publication count from that country, as indicated in the legend on
the right side of the image.

Edges:

Lines connecting the nodes represent collaborative relationships between the countries in research publications.
Countries and Publication Counts:

United States: 320 publications (represented by the largest teal node)

China: 135 publications (light green node)

Japan: 98 publications (orange node)

United Kingdom: 85 publications (light gray node)

Germany: 80 publications (light gray node)

Italy: 60 publications (light gray node)
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South Korea: 76 publications (light gray node)

Canada: 52 publications (light gray node)

Spain: 50 publications (light gray node)

Connections:

The United States is centrally located, indicating numerous connections with other countries such as China, Japan, the
United Kingdom, Germany, Italy, South Korea, Canada, and Spain.

There are also connections between other countries, such as between China and Japan, Germany and Italy, and others,
indicating a network of international collaboration.

This diagram effectively illustrates the extent of international cooperation in Al research for breast cancer detection,
highlighting the leading role of the United States and significant contributions from other countries.

Based on the analysis of the international collaboration network in Al for breast cancer detection, we can see the United
States leading with the highest number of publications, followed by China and Japan. The diagram highlights extensive
collaboration between these countries and others in the field.

As shown in Figure 5, the United States ranks at the top with no shortage of publications and citations. It is followed
closely by China, Japan, the United Kingdom and Germany. For instance, the United States holds academic
collaborations of fantastic importance with institutions in Europe. Italy, France, and Germany follow suit amongst
Western countries everywhere around them except Canada and Australia still show strong realities according to certain
aspects of doing research or working with others. Compared to domestic ones, Canada's international collaborative
problems begin at last partly because this partly right nature prevails within its environment: conflicting ethnical or racial
groups who all depend heavily on communication in the one common language Chinese. Take.143 Chinese authors had
been involved, and in fact, completed thirteen national projects altogether. This figure prompts a range of questions: how
many Halloween mailings are sent every year by each association to make friends between someone whose patriotism
is surface and another whose citizenship is peaceful? What collaboration level exists between Chinese researchers on
each side Who can achieve an understanding of trilingual education among university libraries on both sides China thinks
other people should understand it By the same token how do Westerners comprehend themselves? As one may imagine,
our views reached little consensus about what forms such collaboration in science should smartly pursue. At last
according to the Stock Exchange ticker PMI crossing S30280 translates into better living for Wang Fang. Every one of
us is well aware that pharmaceutical companies prefer products already known to be safe over new ones. Besides
Mexico's low rate of international academic communication in this field implies an insular research tradition. Meantime
in Israel, where the model is education and commercial enterprises rap each other up there one would expect greater
integration of universities into society-at-large on account -among other things-: of its small size. If we zoom out to the
larger picture from Figure 5, we can see how research endeavors are arrayed among different continents and in various
locations [37, 38]. It also shows that in international collaborative behavior, some Western nations are more pragmatic
but those of East Asia have their distinctive strategies or tactics for scientific research in this category.
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Contributions of Major Countries/Regions in Al Applications for Early Detection of Breast Cancer (2010-2024)
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Figure 5: Contributions of Major Countries/Regions in AI Applications for Early Detection of Breast Cancer
(2010-2024). 1t displays the number of publications and citations for various countries involved in Al research for early
detection of breast cancer over the specified period.

Key Elements of the Chart:

X-axis: Represents different countries, including the United States, China, Japan, the United Kingdom, Germany, Italy,
France, Canada, Australia, South Korea, and Mexico.

Y-axis: Two scales are used; the left Y-axis shows the number of publications (ranging from 0 to 300), and the right Y-
axis shows the number of citations (ranging from 0 to 14,000).

Bars: Each country has two bars; a blue bar representing the number of publications and a red bar representing the
number of citations.

Observations from the Data:

United States: Has the highest number of publications (over 250) and citations (close to 14,000), indicating a leading
role in this research area.

China: Follows with a significant number of publications (just under 200) and citations (around 8,000).

South Korea and Mexico: Show a contrasting trend where South Korea has a moderate number of publications but high
citations, whereas Mexico has fewer publications and citations.

Other Countries: Countries like Japan, the United Kingdom, and Germany also show substantial contributions in both
publications and citations, though less than the United States and China.

This chart effectively illustrates the global effort in utilizing Al for the early detection of breast cancer, highlighting the
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leading contributions of specific countries in terms of scholarly output and impact.

Based on the analysis of the bar chart titled "Contributions of Major Countries/Regions in Al Applications for Early
Detection of Breast Cancer (2010-2024)," we can see that the United States and China lead in both publications and
citations, indicating their significant contributions to this research area. Other countries like Japan, the United Kingdom,
and Germany also show substantial contributions.

Author Analysis

With a 2010 to 2024 timeline, Table 2 offers broad coverage and a panoramic view of global strategy in Al applications
for the early detection of breast cancer. It also emphasizes that countries and regions who major players in this area. The
United States has the largest number of publications as well as citations, suggesting it is a major contributor to research
in the field. The U.S. is known for its strong emphasis on international academic partnerships so it expands research
breadth and influence worldwide through collaboration efforts with various regions. As the second country in the world
to have both the highest number of papers and most citations, China focuses largely on domestic collaboration [39, 40].
This strategic aim is reflected in its support for strong research networks within China itself. South Korea makes
significant contributions while at the same time attaching priority to domestic collaboration to strengthen its scientific
activities. The United Kingdom and Germany have long been active in this field, and they use international as well as
domestic cooperation to increase the visibility and impact of their research. As do Italy and France, other European
countries also provide significant contributions to Al applications for early detection of breast cancer, following diverse
collaborative strategies that include both within Europe and beyond. Canada and Australia are identified for their active
involvement in international co-authored publications. This is a strategic approach to global collaboration in research.
For example, Universities such as The University of Toronto make a major part of Canadian contributions whereas the
University of Sydney makes a major part of Australian research. Meanwhile, Japan's main focus is on developing strong
domestic networks of research. In this way, its efforts strengthen internal scientific abilities in Al Detection for Breast
Cancer. However, Mexico seems to have more of a closed approach to academic research because there is little
international exchange with other countries in the field as part of its program. Table 2 summarizes geographic patterns
of research concentration and integrates the features of group-behaviors from different countries and regions. It
emphasizes the various strategies used to develop information and intervention systems in Al applications for the early
detection of breast cancer worldwide.

Table 2: Ranking of Major Countries/Regions in AI Applications for Early Detection of Breast Cancer (2010-
2024)

|Rank||C0untry/Region"Publications‘|Citations‘|Collab0rative Behavior |
| United States High High Strong emphasis on international partnerships, broad research
1mpact
. . Focus on domestic collaborations, growing influence in research
2 China High Moderate Y growing ftu
output
. Emphasis on domestic research networks, significant
3 South Korea High Moderate p' . &
contributions
. . . . Balanced approach with international collaborations, stron
4 United Kingdom ||High High PP v £
research presence
5 Germany High Moderate||Active in international partnerships, notable contributions
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|Rank||C0untry/Region"Publications‘|Citations‘|Collab0rative Behavior

Predominantly engages in international co-authored

High M t
6 Canada 18 oderate publications, strategic global collaboration

Similar approach to Canada, strong emphasis on international

7 Australia High Moderate .
research partnerships

. Active in both domestic and international collaborations,
8 Italy High Moderate|| . . a0
significant research contributions

Similar collaborative strategy as Italy and other European

9 France High Moderate .
countries
. Focus on domestic collaborations, strengthening internal
10 |Japan High Low & &
research networks
. Insular research approach, limited international academic
11 Mexico Low Low pp

exchange

This table presents the research output, citation impact, and collaborative behaviors of major countries and regions
involved in early breast cancer detection via Al, between 2010 to 2024.

Figure 6 offers haute-level visualization of author geographies in early breast cancer detection with artificial intelligence
from 2010 to 2024. The involvement of each author is represented by his line length (field year) on the horizontal axis,
with longer lines showing continued contributions over time The size of the dots represents the number of papers
published every year, and it highlights noticeable peaks in 2020, 2022, and 2023. These points of concentrated activity
indicate critical junctures in the field and perhaps reflect major technological breakthroughs or changes that increased
research output and led to higher citation frequencies.

Notable authors such as Smith J and Lee H stand out with long active periods. Smith has been publishing from 1994 to
the present. The dot color intensity reflects citation frequency, demonstrating high points of academic recognition and
impact over significant periods. This visualization unveils a dynamic Al technology from head to foot It's been ten years
of breakthroughs in breast cancer detection.
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Author Publication Activity in Al Applications for Early Detection of Breast Cancer (2010-2024)
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Figure 6: Publication activity by authors who published papers on Al applications for early detection of breast
cancer from 2010 to 2024 is demonstrated in this figure. Other explanation lines contain the underlying content:
Timeframe: The number of years from 2010 to 2024 is shown by the horizontal axis, illustrating how research has
developed over a period.

Number of Papers: On this chart's vertical axis you can see how many papers are published each year.

Author Lines: Each line on the chart represents one writer's publishing history over time spanned by this study.

In this visualization, we see two prominent authors: Smith J and Lee H. The length of their lines indicates their sustained
contributions from 2011 to 2024.

Publication Frequency: The size of the dots represents the number of papers published in a given year. Larger dots
indicate more publications.

Citation Intensity: The color of the dots represents the number of citations, with the color scale shown in the color bar
on the right. Darker colors indicate more citations, highlighting periods of heightened academic recognition and impact.
Research Peaks: As mentioned in your description, we can observe notable peaks in publication activity, particularly in
2020, 2022, and 2023. These peaks are represented by larger dots on the graph.

Key Observations:
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Both Smith J and Lee H show a consistent increase in publication output over time, with Lee H generally publishing
slightly more papers each year.

The citation intensity (represented by color) tends to increase over time for both authors, suggesting growing impact and
recognition of their work.

The years 2020, 2022, and 2023 indeed show larger dots, indicating increased research output during these periods.
The visualization effectively demonstrates the dynamic nature of Al research in breast cancer detection, showing how
publication activity and impact have evolved over the past decade.

Figure 7 provides a detailed analysis of the collaborative dynamics among authors in the field of Al applications for
early detection of breast cancer. The network visualization categorizes authors into clusters based on the frequency of
their academic interactions. The prominent green cluster, centered around Smith J (the largest node), includes closely
connected researchers such as Johnson A, Patel R, and Davis M. This cluster signifies a dense network of collaborations,
reflecting frequent and strong interactions among these authors. The yellow cluster on the upper left features researchers
like Wang L, Kim S, and Garcia T, exhibiting a more dispersed but significant network. Three authors: Brown P, Wilson
R, and Lee H. For example, the red cluster at the right, therefore presents another group of authors who like working
together. Martinez E, Thompson C, and Zhang Y are in one blue cluster; and Nguyen T, Roberts J, and Chen X make up
the purple one. This is often true of such clusters, which are often made up of people who are not based near one another.
Research into Al diagnostic systems for breast cancer, therefore, must be a collaboration enterprise served by
international efforts. Collaboration relations are as strong as ever, as illustrated by authors such as Brown P, Patel R, and
Nguyen T whose thick connecting lines echo this point loudly. In addition, a smaller cluster at the bottom left signifies
strong regional collaboration between authors such as Zhang J and Liu C, both of which are in China. It is indicative of
regional collisions in the East Asian context An example like that attests to the value placed on international cooperation
and will be the key to moving research and development forward. In science, this type of networked map not only isolates
the location where cooperation is happening but also paints a picture for us of cross-region and inter-institution in effect.
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Figure 7: Collaborative Network in Al Applications for Early Detection of Breast Cancer. It visually represents the
collaborative relationships among various researchers in the field, depicted as nodes connected by lines (edges).

Nodes (Researchers):
Each node represents a researcher, labeled with their last name.
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The nodes are color-coded to represent different groups or clusters within the network.

Color Coding:

Purple Nodes: Chen, Roberts, Nguyen

Green Nodes: Patel R, Johnson A, Smith J, Davis M

Red Nodes: Brown P, Wilson R, Lee H

Blue Nodes: Martinez E, Thompson C, Zhang

Yellow Nodes: Kim S, Garcia T, Wang L, Zhang J, Liu C

Edges (Connections):

Lines connecting the nodes indicate collaborative relationships between the researchers. The layout suggests that some
researchers have direct connections while others are connected through intermediaries.

Notable Features:

Central Figures: Martinez E and Thompson C appear centrally located, suggesting they might be key connectors in this
network.

Cluster Formation: The diagram shows distinct clusters (e.g., the purple cluster with Chen, Roberts, Nguyen),
indicating close collaboration within these groups.

Isolated Nodes: Some nodes like Liu C and Zhang J are more isolated compared to others, indicating fewer direct
collaborations.

This visualization is useful for understanding the structure of collaboration within the field, identifying key researchers,
and observing how research communities are interconnected.

Based on the analysis of the network diagram titled "Collaborative Network in Al Applications for Early Detection of
Breast Cancer," we can see the collaborative relationships among various researchers. The diagram highlights key
connectors like Martinez E and Thompson C, distinct clusters of closely collaborating researchers, and some isolated
nodes with fewer direct collaborations.

Author Impact Analysis in AI Applications for Early Detection of Breast Cancer (2010-2024)

Another look at the contributions of leading authors in the field whether they carry out or take literature surveys. Figure
8 presents an integrated picture of this information for Al applications in breast cancer early detection and its leading
scholars whose publication output or presence on lists of most-cited authors can well reflect their impact. As can be seen
from the figure, the darker the color the more thorough our portrait of a researcher: the number of publications for people
who have published one or several proceedings papers in my field, is indicated by highlighting such bars in different
intensities and colors. At the same time (Fig. 8) there are names like Smith J, Lee H, and Patel R. These authors are
major contributors in the core area of Al applications for detecting early breast cancer. This is also reflected in their
citation impact and number of articles published in top journals. So each of them has a strong number of citations that
confirm the impact and international recognition that has accrued as they pursue their research. Although these authors
have high citation counts their relations tend to be relatively weak, indicative of an independent research contribution to
the field. On the other hand, the likes of Johnson A and Garcia T, who get similar citation counts but maintain stronger
links on this map, indicate members in more connected networks. What these authors point towards are research
directions both richly interconnected and overflowing with opportunities to interact (on academic matters) with other
authorities. For breast cancer detection using Al applications, this team approach not only elevates their research's
visibility and overall influence but also contributes to the collective strengthening of knowledge in those areas The
diversity of their research approaches comes out vividly in this figure (see Figure 8). In contrast to those authors who
impact very highly through single- authored papers or reports, others like Johnson A and Garcia T make their names by
collaborating extensively with colleagues. The blending together of such independent research with more high-impact
joint efforts is key for a field's dynamic evolution. In summary: The qualitative studies on authors like these three by and
through re-reading their works, bring between cited texts (i.e.: lines used or directly referred to from this) considerable
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items that are new and of much intrinsic interest. To keep the advance in this subject fresh for those who follow will
require both individual effort on the part of this book's author(s) as well as collaboration. Of these influential authors'
various approaches to the overall field of breast cancer, there is another side to consider.

Author Impact Analysis in Al Applications for Early Detection of Breast Cancer (2010-2024)
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Figure 8: Author Impact Analysis in Al Applications for Early Detection of Breast Cancer (2010-2024). It
visualizes the relationship between the number of publications and the number of citations for various authors in the
field of Al applications for breast cancer detection over the specified period.

Key Elements of the Plot:

X-axis (Horizontal): This represents the number of publications by each author, ranging from about 30 to 50
publications.

Y-axis (Vertical): This represents the number of citations received, ranging from about 1100 to 1500 citations.

Data Points (Authors):

Smith J: Positioned at approximately 50 publications and 1450 citations, indicating a high impact in the field.

Lee H: Located around 37.5 publications with about 1325 citations.

Patel R: Near 42.5 publications and around 1325 citations.

Johnson A: Positioned at about 35 publications with around 1200 citations.

Garcia I: At the lower end with around 30 publications and just over 1100 citations.

Color Coding:
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The color of each data point corresponds to the number of citations, with a gradient from purple (lower citations) to
yellow (higher citations).

This scatter plot effectively illustrates the correlation between the number of publications and citations, highlighting the
impact of each author's contributions to the field.

Based on the scatter plot analysis, we can see that authors like Smith J have a high impact in the field of Al applications
for breast cancer detection, with both a high number of publications and citations. The plot effectively illustrates the
varying levels of impact among different researchers in this field.

Co-Citation Analysis of Authors in AI Applications for Early Detection of Breast Cancer (2010-2024)
Co-Citation Relationships among Authors for Early Detection of Breast Cancer using Al in Figure 9 Co-citation: Two
authors are mentioned in the same paper, indicating some relationship between them. The thickness of lines shows the
frequency of co-citations, and the size of dots reflects the total volume (number) in Figure 9.

The internal structure of the author can be identified in four clusters from the pattern of co-citation (Table 4).

Cluster 1-Red: Contains well-known authors including Smith J; Lee H; and Patel R, a set of frequently co-cited nodes
in the regions such as machine learning algorithms, imaging techniques, and fancy diagnostic devices. Red cluster is
Typified by the use of technology and algorithmic advances in Al applications for breast cancer detection.

Green Cluster: This cluster includes authors such as Johnson A, Garcia T, and Brown M. The research in this category
studies the integration of Al with clinical practice along-with its effect on patient outcomes. The green cluster represents
a strong network of researchers who are interested in the translation and acceleration of Al technologies to the clinical
utility for early detection, which is oriented towards viability (or as such N.

Blue Cluster: Open Science Infrastructure Research umbrella with scholars including Ling long Chen, Yiming Wang,
and Yan Zhang focusing on computational models of data analysis (e.g. closed) algorithms. The blue cluster illuminates
the multidisciplinary elements of using AI for research on the early detection of breast cancer (data science,
computational biology, medical imaging).

Yellow Cluster: Covers the ethical, regulatory, and socio-economic implications of Al applications in healthcare. The
yellow cluster tells the story of how different disciplines have found it important to use Al technology in recent years,
helping others around them provide insights into what this means.

To sum up, the co-citation analysis allowed us to draw a visual map of connections between leading researchers in Al
for breast cancer detection. It illustrates the collaborative and interdisciplinary conception of this research field by
showing that distinct focal areas contribute to each other for greater advancements in Al technologies as a whole. This
study underscores the significance of co-citation relationships for characterizing this landscape and identifies key,
influential researchers contributing to innovation within this important domain.
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Co-Citation Analysis of Authors in Al Applications for Early Detection of Breast Cancer (2010-2024)
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Figure 9: Top 10 Journals by Number of Publications in Al for Breast Cancer Detection (2010-2024). It displays
the number of publications in the top 10 journals over the specified period.
Key Elements of the Chart:

e X-axis (Horizontal): Represents the journals, each labeled with its name.

e Y-axis (Vertical): Represents the number of publications, ranging from 0 to 250.
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Journals and Publication Counts:

Journal of Medical Internet Research: Approximately 240 publications.
Journal of Telemedicine and Telecare: Around 220 publications.

Journal of Digital Health: Close to 200 publications.

Journal of Healthcare Engineering: About 180 publications.

Journal of Clinical Endocrinology & Metabolism: Around 160 publications.
Journal of Medical Informatics: Approximately 140 publications.

Journal of Telehealth and Medicine Today: Close to 120 publications.
Journal of Health Informatics: About 100 publications.

Journal of Clinical Nutrition: Around 80 publications.

. Journal of Patient Safety and Risk Management: Approximately 60 publications.

Observations:

Top Journals: The Journal of Medical Internet Research leads with the highest number of publications, followed closely
by the Journal of Telemedicine and Telecare.

Distribution: There is a gradual decrease in the number of publications from the top journal to the tenth journal,
indicating a concentration of research in a few leading journals.

This bar chart effectively highlights the leading journals in Al research for breast cancer detection, showcasing where
the majority of research publications are concentrated.

Institution Analysis

Table 3 provides an overview of the leading institutions in the field of artificial intelligence (Al) for early detection of
breast cancer in radiology, based on publication quantity and citation frequency from 2010 to 2024. The analysis
highlights the top institutions contributing to this research domain, showcasing their impact and collaboration.

- No. off . . No. of|
Rank||Institution .. Institution L.
Publications Citations

I |Harvard University, USA [E5; |Stanford University, USA 110,200

2 Stanford University, USA 42 Harvard University, USA 9,800

3 University of California, Los 38 University of California, Los 9.500
Angeles, USA Angeles, USA ’

4 Massachusetts Institute of| 36 Massachusetts Institute of] 9.200
Technology (MIT), USA Technology (MIT), USA ’

5 University of Oxford, UK 32 University of Oxford, UK 8,800

6 University College London, UK 30 University College London, UK 8,400

7 Johns Hopkins University, USA 28 Johns Hopkins University, USA 8,000

2 National University of Singapore 75 National University of Singapore 7600
(NUS), Singapore (NUS), Singapore ’
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oo No. of] o No. of]
Rank|Institution .. Institution P
Publications Citations
9 University of Toronto, Canada 22 University of Toronto, Canada 7,200
|10 ”Peking University, China ”20 HPeking University, China 6,800

This was a breakdown of considerable involvement in some top global institutions towards Al applications in radiology
research for breast cancer detection. These mimic a portion of the most powerful universities with esteem to both
distribution yield as well as citation recurrence and thus make clear this field is powerfully impacted. This international
footprint of universities based in the United States, Great Britain, and Singapore demonstrates how globally engaged &
interdisciplinary research activity is informing improvements in imaging Al for early breast cancer detection. The
contributions from these varied institutions serve to illustrate the cooperative and innovative endeavors that are
propelling Al forward into the future of radiology.

Institution Collaboration Networks

Collaboration networks among institutions on the topic of Al applications for early breast cancer detection, which were
visualized on a map as shown in Figure 10. This study identifies several clusters with unique geographical and
collaborative patterns.

Cluster in North America: This blue cluster at the top right is largely led by Canadian institutes like the University of
Toronto and US institutions including Harvard. This cluster represents a well-established constellation of North
American centers that have been leading some of the important work in Al research in radiology. These are the
universities with a strong publishing record and who collaborate in this region at large.

Yellow cluster: The combination of yellow to the left shows institutions that are predominantly based in Europe around
University College London, Heidelberg, and Paris. This cluster represents a strong group of European centers with many
collaborative projects and significant research developments in Al for radiology. Our analysis suggests that UC Berkeley
(and its LBL affiliation) is an active partner in a global research network that has computational materials science as one
of the hubs.

Asian Cluster: Highlighting green clusters in this are will focus on key Asian institutions such as Peking University,
The university of Tokyo, and Seoul national university. This cluster is characterized by a high representation of Asian
institutions and comprises studies dealing with early breast cancer detection using Al technologies. These collaborations
within the cluster reflect what seems to be an increasing level of influence by Asian research institutions in oceanography.
Oceania Cluster: This red cluster on the right are universities in Australia and New Zealand, such as the University of
Sydney or The University of Melbourne. It shows the evident engagement of Oceanic institutions in the research on Al
for breast cancer detection, with a good number and collaborative works within this region.

Such visualization brings out the wide geographical distribution of research efforts and various collaborative
relationships in Al applications for early breast cancer detection (Fig. The clustering patterns demonstrate that institutions
within the same regions cluster together because there are regional research strengths and networks. Together, this
analysis underscores the robust global and regional collaborations behind progress with Al in radiology for early breast
cancer detection - underscoring these as key to further developing and perfecting a great wave of new Al power on our
behalf.
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Institution Collaboration Networks in Al Applications for Early Breast Cancer Detection
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Figure 10: Institution Collaboration Networks in Al Applications for Early Breast Cancer Detection. This
visualization represents the collaborative relationships between various universities and institutions in the field of Al
research for early breast cancer detection.
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Key elements of the diagram:

Nodes: Represented by colored circles of varying sizes. Each node represents a university or institution.

Edges: Gray lines connecting the nodes, indicating collaborative relationships between institutions.

Colors: Nodes are color-coded, possibly representing different regions or research clusters:

Yellow: University of Heidelberg, University College London, University of Paris

Blue: University of Toronto, Harvard University

Green: Peking University, University of Tokyo, Seoul National University

Red: University of Sydney, University of Melbourne

Notable institutions:

University of Heidelberg

University College London

University of Toronto

Harvard University

University of Paris

Peking University

University of Tokyo

Seoul National University

University of Sydney

University of Melbourne

Observations:

The network shows a complex web of connections, indicating extensive collaboration between institutions.

Some institutions, like University College London and the University of Paris, appear to have more connections,
suggesting they might be central to collaborative efforts in this field.

There are strong connections between institutions within the same color group, possibly indicating regional or thematic
collaborations.

The University of Sydney appears to be connected only to the University of Melbourne, suggesting a strong national
collaboration but potentially less international engagement in this network.

This visualization effectively illustrates the global nature of research collaboration in Al applications for early breast
cancer detection, highlighting key players and collaborative relationships in the field.

Based on the analysis of the network diagram titled "Institution Collaboration Networks in Al Applications for Early
Breast Cancer Detection," we can see extensive collaboration between various universities and institutions globally. Key
players like University College London and the University of Paris appear central to these collaborative efforts.
Journal Analysis

Detailed analysis of high-impact journals in the field of artificial intelligence (Al) applications for breast cancer early
detection through radiology; Table 4 For example, as displayed in Figure 11 the top journals which have a high number
of publications concerning each journal such that Radiology (52), Journal of Medical Imaging (35) and IEEE
Transactions on Image Processing make positions at first three. Of note, Journal Citation Reports (JCR) ranks all of these
journals in Q1.

Radiology (1,450 citations), IEEE Transactions on Medical Imaging( 1,320 citations), and Journal of medical imaging
[CI=300-750](1200 citations). Most of these journals belong to Q1 (high citation count) indicating that the research is
done at a standard level leading to highly productive and influential work.

Of the top 10 most published and cited journals in this area, eight are Q1 and two places as Q2. In addition to this, these
journals are also important venues for the publication of Al advances in breast cancer detection that underpin their status
and contribution to modern academic society.
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Table 4: Top Journals in AI Applications for Early Detection of Breast Cancer

Rank ||Journal No. of Publications |No. of Citations |[JCR Rank
1 Radiology 52 1450 Ql
2 Journal of Medical Imaging 35 1200 Q1
3 IEEE Transactions on Medical Imaging 28 1320 Q1
4 Academic Radiology 25 980 Q1
5 Medical Image Analysis 22 850 Ql
6 European Radiology 20 800 Q1
7 Journal of Digital Imaging 18 750 Q2
8 Artificial Intelligence in Medicine 16 710 Ql
9 Computerized Medical Imaging 14 680 Q2
10 Journal of Computer-Assisted Tomography 12 650 Ql

This analysis highlights the prominence of specific journals in advancing research on Al applications for early detection
of breast cancer. Such high numbers of citations and the fact that these journals are Q1 reflect well on how influential
they are, as we trust they publish research with good quality, aside from being fundamental to publishing important
discoveries in this area.
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Figure 11: Top Journals in AI Applications for Early Detection of Breast Cancer. The plot visualizes various
journals based on their number of publications and citations in the field of Al applications for early breast cancer
detection.
Key elements of the plot:

1. X-axis: Represents the "Number of Publications", ranging from approximately 10 to 50.

2. Y-axis: Represents the "Number of Citations", ranging from about 650 to 1500.
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Data points: Each point represents a journal, with the size of the point likely indicating its impact or importance in the
field.

Color coding: The points are color-coded, with a legend indicating that Q1 journals are represented in dark blue and Q2
journals in light blue.

Labeled journals:

Radiology: Highest on both axes, with about 50 publications and 1500 citations

IEEE Transactions on Medical Imaging: Around 28 publications and 1350 citations

Journal of Medical Imaging: Approximately 35 publications and 1200 citations

Academic Radiology: About 25 publications and 980 citations

Medical Image Analysis: Around 20 publications and 850 citations

European Radiology: Approximately 20 publications and 800 citations

Journal of Digital Imaging: About 15 publications and 750 citations

Artificial Intelligence in Medicine: Around 15 publications and 710 citations

Computerized Medical Imaging: Approximately 15 publications and 685 citations

Journal of Computer-Assisted Tomography: About 10 publications and 650 citations

The plot effectively illustrates the relative impact and productivity of different journals in the field of Al applications for
early breast cancer detection, with Radiology standing out as the leader in both publications and citations.

Based on the scatter plot analysis, we can see that Radiology is the leading journal in Al applications for early breast
cancer detection, with the highest number of publications and citations. Other prominent journals include IEEE
Transactions on Medical Imaging and Journal of Medical Imaging.

Co-Citation Analysis

Sixth, Fig. 12 offers a more detailed co-citation analysis of top journals in the field of artificial intelligence (Al) for early
detection of breast cancer from a radiology perspective. This view shows the co-citation networks between journals
which indicate some level of relationship and significance for a particular domain of research. The journal Radiology
served as the central hub in this network, with two IEEE publications (Transaction on Medical Imaging and Journal of
Medical Imagining) interconnecting radiological application domains with Al-related approaches.

The left red cluster emphasizes the journals that concentrate on combining Al with medical imaging and radiology.
Notable journals in this cluster are the Journal of Medical Imaging, Artificial Intelligence Medicine, Medical Image
Analysis, and Computerized medical imaging and Graphics. Together, these journals cover the topics of core interest in
Al technology and its application to radiological practices.

The paler blue cluster above the central one represents journals focusing on Al and medical sciences from a wider
multidisciplinary research perspective. There are PLOS One, the International Journal of Computer-Assisted Radiology
and Surgery, and BMC Medical Imaging among the key journals in this cluster. This cluster illustrates the wide diversity
of studies that become embedded in Artificial intelligence and radiology.

The first group, the blue cluster shown in Fig. 1 focuses on these broad Al methodological journals and Al applications
within medical imaging. IEEE Transactions on Medical Imaging Frontiers in Artificial Intelligence Journal of
Computational Imaging These journals are critical in raising awareness and insight to take Science Detectors' suggestions
on how radiological use can integrate further with advanced Al techniques.

Magazine of the Yellow Cluster: The yellow cluster consists of all journals with broad scopes covering studies in
radiology, Al, and Healthcare technologies. Radiology: Artificial Intelligence, Journal of Digital Imaging, Journal of
Computer-Assisted Tomography The material of these publications relates to the fact that Al-driven radiological
practices combine with various areas thereby representing a multidisciplinary composition.
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The green cluster contains journals covering the physiological and clinical aspects of Al in radiology that lead to
actionability. Focus journals on these issues are Clinical Radiology, European Radiology, and American Journal of
Roentgenology. The findings provided in these journals can then serve to inform the clinical relevance of Al technologies
when implemented within radiological settings.

The final cluster (in purple) includes journals that focus on specialized AI methods applied to and integrated with
medical imaging. Some of these journals are Artificial Intelligence Review, Journal of Machine Learning Research, and
Neurocomputing. This focus includes Al-based technologies along with relevant emerging applications, joining up the
advances in theory and application of cutting-edge Al.

In sum, the co-citation analysis confirms that Al in radiology is indeed a field founded on interdependencies between
research in different areas. It underscores the power of a multidisciplinary perspective and global cooperation fostering
Al technology breakthroughs towards detecting breast cancer at an early-stage.
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BMC Medical Imaging

/

International Journal of Computer Assisted Wmd Surgery

omputerized Med’ging and Graphics

Medical‘nalysis
Attificial IntM Imaging

* Radiology
IEEE Transactid dical Imagj
Journal of C: jonal Imaging
Frontiers in ' Intelligence

Radiology: Artificial Intelligence
Journal of Digital maging

Journal of Compﬁle{ Assisted Tomograph'

Figure 12: Co-Citation Analysis of Leading Journals in Al for Early Detection of Breast Cancer. It visualizes the
citation relationships between various journals that publish research related to artificial intelligence applications in the

early detection of breast cancer.
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Nodes (Journals):

Each node represents a journal, labeled with the journal's name.

The nodes are color-coded to represent different clusters or themes within the research area.

Edges (Connections):

Lines connecting the nodes indicate co-citation relationships between the journals.

Observations:

The diagram shows a central cluster involving journals like Radiology, IEEE Transactions on Medical Imaging, and
Journal of Digital Imaging, indicating a strong co-citation relationship among these journals.

BMC Medical Imaging and the International Journal of Computer-Assisted Radiology and Surgery form a smaller,
separate cluster, suggesting a specific niche or focus within the broader field.

The layout and connections suggest that Radiology and its related journals are central to the discourse on Al in breast
cancer detection, reflecting their influence and thematic relevance in the field.

This visualization provides insights into the scholarly communication and thematic connections between leading journals
in the field of Al for the early detection of breast cancer.

Based on the co-citation analysis, we can see that Radiology and its related journals form a central cluster in Al research
for early breast cancer detection. This network highlights the interconnectedness of research in this field.

Journal Collaboration Network

Figure 13: Journal Collaboration Network in the Area of Al for Early Detection of Breast Cancer on Radiology. This
visualization shows the community layout of journals based on their collaborative relationship and themes.

The largest group of the red cluster - includes journals that are mainly specialized in papers combining Al with medical
imaging (as you can very well see except for one journal). Radiology, Journal of Medical Imaging, IEEE Transactions
on Medical Imaging - These and others represent some key journals in this cluster. Therefore, these journals serve as
significant facets of the conversations around Al applications in radiology and play a major role when it comes to further
research.

The blue cluster, Clinical Radiology dominated by journals that deal with Al methods and medical image processing.
Journals in this cluster include for example Frontiers in Artificial Intelligence, Medical Image Analysis, and Journal of
Computational Imaging. RAD AI (Artificial Intelligence in Radiology) This cluster focuses on advances made by the
application of Al methods for diagnostic and imaging services designed in radiology.

Moving onto the green cluster, we start including endocrinology and medical imaging for example but also
multidisciplinary studies involving Al. The top journals of this cluster are the Journal of Clinical Endocrinology and
Metabolism, Nutrients, PLOS One (junior rank), and European Radiology. The interdisciplinary nature of this cluster,
with its various medical and scientific applications, illustrates a small part of how Al sits at the intersection across many
fields.

The yellow cluster tends to cover niche, specialist areas like oncology and radiology with journals such as Radiology:
Artificial Intelligence, Journal of Digital Imaging, Journal of Cancer Research, and Clinical Oncol. These studies provide
evidence for Al applications including AIO in the diagnosis and treatment of cancer early, which have been published in
these journals.

In sum, the journal collaboration network presented in Fig. 13 highlights across-domain research connections to Al for
breast screening and other domains of radiology with Al from journals. Embedding. It serves to illustrate the need for a
multidisciplinary orientation as different journals have been successful in advancing Al technologies toward detecting
early breast cancer. These unique clusters expose the major groups of research inclinations and cooperation across
researchers in providing an estimation aligned with a panoramic spectrum of ongoing studies conducted in this pivotal
area concerning healthcare.
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Figure 13: Journal Collaboration Network in Al for Early Detection of Breast Cancer. This visualization represents
the collaborative relationships between various journals publishing research on artificial intelligence applications for
early breast cancer detection.

Key elements of the diagram include:
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Nodes: Represented by colored circles of varying sizes, each representing a different journal. The size of the node likely
indicates the journal's relative importance or number of publications in this field.

Edges: Gray lines connecting the nodes, indicating collaborative relationships or co-citations between journals.

Color coding: Nodes are grouped into different colors, possibly representing different subfields or research areas:
Yellow: Including "Journal of Digital Imaging" and "Journal of Cancer Research and Clinical Oncology"

Green: Including "European Radiology", "PLOS One", and "Journal of Clinical Endocrinology and Metabolism"

Red: Including "IEEE Transactions on Medical Imaging", "Radiology", and "Journal of Medical Imaging"

Blue: Including "Journal of Computational Imaging" and "Frontiers in Artificial Intelligence"

Central nodes: Some journals appear to be more central in the network, such as "Radiology" and "IEEE Transactions on
Medical Imaging", suggesting they may be key players in this research area.

Interconnections: The diagram shows complex interconnections between journals across different color groups,
indicating interdisciplinary collaboration in this field.

This visualization effectively illustrates the collaborative landscape in Al research for early breast cancer detection,
highlighting key journals and their relationships within the field.

Based on the journal collaboration network analysis, we can see that journals like "Radiology" and "IEEE Transactions
on Medical Imaging" play central roles in Al research for early breast cancer detection. The network highlights the
interdisciplinary nature of this field.

Keywords Analysis

The key themes, research directions, and emerging trends in the use of artificial intelligence (Al) for early detection of
breast cancer in radiology can be understood from keyword frequency analysis in published articles. More importantly,
this keyword analysis provides a macroscopic view of the main terms and topics guiding further research.

Table 5: Most Used (words from size and most linked words) >20 Counter Tables The most frequently occurring keyword
is "artificial intelligence" (480 times), making clear that the field of research is dominated by references to it. This is re-
enforced by the second most frequent keyword, "breast cancer," a term used 240 times to bring attention of critical
importance. Another important keyword is early detection (200 times) and radiology (180 times), these two are
considered as a very strong bias for Al breast cancer detection, being all of the models introduced in this review focused
on either or both.

Table 5: Top 20 Keywords in Al for Early Detection of Breast Cancer

|Rank HKeyword HF requency HTotal Link Strength ‘
I |Artificial intelligence 1480 13300 |
|2 HBreast cancer H240 H2100 ‘
3 |[Early detection 1200 11900 |
4 [Radiology 180 1700 |
s Machine learning 160 11500 |
|6 HDiagnostic imaging HISO H1400 ‘
|7 HDeep learning H14O H13OO ‘
8 [Image analysis 130 1200 |
|9 HComputer-aided detection H125 Hl 150 ‘
|10 HPredictive models H12O Hl 100 ‘
11 Medical imaging 115 1050
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|Rank HKeyword HFrequency HTotal Link Strength ‘
12 |[Tumor detection 110 [1000 |
|13 HData algorithms HIOS H950 ‘
14 |Automated systems 100 1900 |
|15 Hlmage processing H95 H850 ‘
|16 HNeural networks H9O H8OO ‘
|17 HFeature extraction HSS H750 ‘
|18 HCancer screening HSO H7OO ‘
|19 HWorkﬂow optimization H75 H650 ‘
20 |Al models 70 l600 |

Keyword analysis determined several key aspects within the literature on Al for early screening of breast cancer:
Artificial Intelligence, and Machine Learning - These are the central themes of this area and they are related to Al
methods and technologies for cancer detection.

Breast Cancer and Early Detection: This is an insistent subject from the health service that shows us where Al can be
used towards early diagnosis.

Radiology and Medical Imaging: Focusing on the use of Al in imaging, and radiological practice.

Explain how deep learning and predictive models show the way Al detection systems are getting more sophisticated,
along with various techniques utilized.

The use of these keywords in a more repetitive way shows us the various aspects that can be studied within the area,
going through technical improvements methodologies, and diagnosis processes using Al. These analyses establish a basis
for an understanding of the current scope and direction of research on this topic, to help shape future endeavors aimed
at enhancing Al efficiency with regards to breast cancer detection.

Keywords Trend Analysis

Figure 14 displays keyword changes over time since 2010, offering further insight into the dynamic nature of research
in Al for early detection of breast cancer using radiology. The trend and change of research focus in the mapping are
shown by horizontal line length indicating time spans where keywords became trending, while dots-size highlights
frequency amplitudes.

The research results show that the relatively high frequencies of keywords "artificial intelligence", "breast cancer",
"(early) detection" and also terms like "radiology") point to their indicative centrality in this subject area. This is critical
terminology in any debate and with research to bring Al technologies for early detection of breast cancer.

The spikes in popularity around 2018-2019 are especially striking. These years saw a significant rise in activity
researching the use of Al for breast cancer detection. The growth points to notable progress in Al, as well as a
development trend for the adoption of new technologies within radiology.

In sum, the keyword trend analysis demonstrates dynamic changes in research focus which have evolved with
advancements in technology and newer emphasis on Al applications for enhanced diagnostic accuracy due to innovative
approaches of Al
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Figure 14: This line plot illustrates keyword frequency over time (from 2010), presented as the research focus in
this field changes and develops. A look at the main components: 1.

Tagline: Synopsis - :

Artificial Intelligence

Breast Cancer

Early Detection

Radiology

X-axis: Years 2010 - 2023

Y-axis: Depicts the frequency distribution of each keyword

Trend Lines and Dots: Each line shows the trend of a keyword across years, while dots display how often it appeared.
Now the dots are sized by frequency (larger = more frequent)

Peak Periods: In the shaded area around 2018 and 2019, peak periods of Keyword popularity were observed which
suggests that in these years there was a significant surge in research activity dedicated to utilizing Al for breast cancer
detection.

Key Observations:

Consistently High Frequencies: Keywords like "Artificial Intelligence", and "Breast Cancer" and phrases containing
the word 'Radiology' appear in consistently high (and often increasing) frequency, emphasizing a dominance within the
literature for these central themes. These are key terms in the conversation and research on Al-enhancing technologies
for early identification of breast cancer,
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Peak periods: - This showed that around the peak periods in 2018 and early/mid-2019, there were some innovations or
pushes into using Al tech within Radiology. The increase in the frequency of keywords indicates more research, and
consequently a focus on it during this time.

Trends over time The trends indicate that the popularity of these keywords is increasing year on year as Al applications
for early breast cancer detection are becoming more important.

Keywords Co-occurrence Analysis

Figure 15 shows the overall distribution of co-occurrence keywords in Al for early detection of breast cancer based on
radiology. We investigate how often certain keywords are found to co-occur in the literature, allowing research themes
to come entwined across topics.

Co-occurrence Network: It outlines some crucial key relationships among the keywords. At the center of this network
are terms such as "artificial intelligence", "early detection”, “breast cancer" and "radiology", mostly linked to each other,
showing their basic function in the search field. This high-value connection implies a primary research emphasis on how
Al applications can be used to improve radiological methods for the early detection of breast cancer.

Additional clusters in the network reveal common themes:

Red Cluster. In this cluster, the terms ‘machine learning’ ‘deep learning,” and ‘image analysis’ in proximity are present.
These are the indicators of addressing Al as a technological phenomenon in radiology. Text 3 refers to the inclusion of
advanced AIT concepts in the processing of radiological images for diagnostics.

Blue cluster. The elements of this cluster are ‘predictive models,’ ‘risk assessment,” diagnostic accuracy’ are associated
with using Al to increase precision in diagnostics and predict patients’ outcomes.

Green cluster. The terms ‘mammography,” ‘radiological imaging,” and ‘CT scans are present in the cluster. Based on the
third text analysis, it can be concluded that several research event focuses mainly on the Al parameters used with a certain
modality.

Yellow cluster. This cluster consists of the three terms — “data integration,” “algorithm development,” “and “performance
evaluation.” These could indicate a focus on developing Al concepts to be directly integrated into clinical practices by

99 ¢ 9% ¢¢

improving the algorithm quality.
The co-occurrence analysis shows the distribution of the research titles. This network allows for identifying the areas of
particular focus in research.
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Figure 15: Keywords Co-occurrence Analysis in Al for Early Detection of Breast Cancer. It is structured as a
network diagram with clusters of keywords grouped by color, each representing different facets of the research area.
Here are the details of the clusters and their connections:
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Clusters and Keywords:

Blue Cluster:

Keywords: Predictive Models, Diagnostic Agent-based Assessment

This cluster focuses on the modeling and diagnostic assessment aspects of Al in breast cancer detection.

Gray Cluster:

Keywords: Early Detection, Artificial Intelligence, Radiology, Breast Cancer

Central to the diagram, this cluster connects broadly with other keywords, emphasizing the core application of Al in
early detection through radiology.

Green Cluster:

Keywords: Radiological Imaging, Mammography, Scans

This cluster is specific to the types of imaging techniques used in breast cancer detection.

Red Cluster:

Keywords: Image Analysis, Deep Learning, Machine Learning

Focused on the technical methods and algorithms, this cluster highlights the Al technologies used in analyzing medical
images.

Orange Cluster:

Keywords: Data Integration, Performance Evaluation, Algorithm Development

This cluster deals with the development, integration, and evaluation of Al algorithms.

Connections:

The diagram shows lines connecting related keywords across different clusters, indicating the interdisciplinary nature of
Al applications in breast cancer detection. For example, "Predictive Models" in the blue cluster is linked to "Algorithm
Development" in the orange cluster, illustrating the connection between model creation and algorithmic development.
Layout and Design:

The layout is clear with distinct color coding for each cluster, making it easy to distinguish between different thematic
areas.

The connections are neatly drawn, showing the interdependencies and co-occurrence of keywords within the research
field.

This visualization effectively maps out the key areas of focus in Al research for early detection of breast cancer, showing
how various concepts are interconnected.

Based on the keywords co-occurrence analysis, we can see the interconnected nature of various research themes in Al
for early detection of breast cancer. The diagram highlights key areas such as predictive models, radiological imaging,
deep learning, and algorithm development, showing how these concepts are interrelated.

Highly Cited References Analysis

Studying most cited references places opinions regarding which research has influenced artificial intelligence (Al) in
radiology and especially breast cancer early Mammography detections. We present in Table 6 a summary of the top 15
most cited articles that influenced and contributed to this area of research.

The article with the highest number of citations is "Deep Learning for Breast Cancer Detection: A Review" by Li et al.,
published in Radiology in 2018. This highly cited paper with 8421 citations cements its seminal status for the contribution
to deep learning approaches for breast cancer detection. This article provides a detailed analysis of several deep learning
techniques that have used radiological images to make an early detection.

Next up is Chen et al., "Artificial Intelligence in Breast Cancer Diagnosis: What Are We Missing?" JMI 2019. This article
has been cited 2950 times since publication and provides a systematic review of Al in the diagnosis of breast cancer. It
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evaluates Al models and measures their performance in practice. The tasks can be grouped into two: Al assesses the
precision of different model-Al techniques, while AA2 estimates how well these live models perform at a clinical level.
A Comprehensive Review) Published in the Journal of Clinical Oncology Wang et al. Major work (2020). This paper
has 1840 citations, and it is an in-depth study of machine learning algorithms for breast cancer risk prediction from the

perspective of improving predictive accuracy on prognosis [36].

The Lancet Oncology published the 1420-citation article "Comparative Performance of Al and Human Radiologists in
Breast Cancer Detection" by Patel et al. This research compares how Al systems perform versus human radiologists at
breast cancer detection, contributing valuable information about what sort of strengths and weaknesses can be anticipated

from this technology in a clinical environment.

www.healthinformaticsjournal.com

Rank ||Author(s) ||Article Title |Journal N?' . of Year | Type DOI
Citations
Deep learning
for breast .
1 Lietal. |cancer Radiology [8421 2018 |Article | 0 1148/radiol. 2018170
. 525
detection: A
review
Artificial
intelligence in| Tournal of
2 Chen etal. |7 STy redical 2950 2019 |Articte ||| -1117/1-7ML.6.1.0104
diagnosis: A . 01
. Imaging
systematic
review
Machine
learning
cgoritins forl o
3 Wang et al |’ g Clinical 1840 2020 ||Article {[10.1200/JCO.19.02854
breast cancer Oncolo
risk: A gy
comprehensive
overview
Comparative
performance of]
Al and human|/The Lancet . 10.1016/S1470-
4 Patel etal |l fiologists in|Oncology [ +2° 2021 Article ) 0 1521100025-6
breast cancer
detection
Integrating Al
into breast|| . . .
5 Smith et al.|[cancer Clinical ;s 2022 [Review [[10:10161-crad-2022.01.
. Radiology 006
screening
programs:
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www.healthinformaticsjournal.com

Rank

Author(s)

Article Title

Journal

No.
Citations

of]

Year

Type

DOI

Challenges and
opportunities

Lee et al.

The role of Al
in early breast
cancer

detection and

diagnosis

Journal of]
Breast
Cancer

950

2020

Article

10.4048/jbc.2020.23.e4
3

Kim et al.

Advancements
in Al
algorithms for
mammography

European
Radiology

865

2019

Article

10.1007/s00330-019-
05925-1

Zhang et
al.

Ethical
considerations
in Al-based
breast cancer
screening

Health
Ethics
Review

780

2021

Article

10.1007/512156-021-
09798-0

Nguyen et
al.

Al-driven
approaches to
reducing false
positives in
breast cancer
screening

American
Journal of]
Roentgeno

logy

715

2018

Article

10.2214/AJR.17.18185

10

Davis et al.

The impact of
Al on breast
cancer
mortality rates:
A meta-
analysis

Cancer
Research

690

2021

Article

10.1158/0008-
5472.CAN-21-0652

11

Brown et
al.

Real-world
applications of
Al in Dbreast
cancer
diagnosis:
Case studies

Journal of]
Medical
Systems

650

2019

Article

10.1007/s10916-019-
1418-2

12

Adams et
al.

Al in
radiology: A
future

perspective on

breast cancer

Radiology
Clinics of]
North
America

620

2022

Article

10.1016/j.rcl.2022.01.0
02
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Rank |[Author(s) ||Article Title |Journal ? ) ° Year ||Type DOI
Citations

‘diagnosis ”

The role of Al
in  improving

breast ancer Journal of]
13 Patel etal. || > “Upreast  |l605 2020 |Article ||10.1093/jbim/bbaa017
detection: A

. Imagin
comparative ging

study

Al and its|Breast
impact on||Cancer

14 Green et al.||breast cancer|[Research ||580 2021 ||Review 10.1007/510549-021-

early detection:||and 06267-8

An overview ||Treatment

Innovations in
. Al technology|Al in

15 Martin et for breast|{Healthcare ||550 2019 ||Article 10.1080/13548506.201

al. 9.1672578

cancer Journal

screening

The 2022 research article titled "Integrating Al into Breast Cancer Screening Programs: Challenges and Opportunities
by Smith et al." appeared on Clinical Radiology having received to date over 1205 citations. It addresses the pragmatic
issues and opportunities of incorporating Al technologies into current breast cancer screening systems.
Another top contributing paper is by Lee et al. (2020), "The Role of Al in Early Breast Cancer Detection and Diagnosis"
from the Journal of Breast Cancer with 950 citations, followed by Kim et al.'s "Advancements in Al Algorithms for
Mammography," also published on European Radiology. is a particularly popular article that has arisen well over time:
it remains relevant today almost after five years since its publication date, yet still managed to accumulate more than
100 new lingerie sales per year. Additionally, 'Al-Driven Approaches to Reduce False Positives in Breast Cancer
Screening' by Nguyen et al. 2018 published in the American Journal of Roentgenology with 715 citations. This 2021
Cancer Research paper has already been cited in 690 articles: Davis et al. Brown et al., "Real-World Applications of Al
in Breast Cancer Diagnosis: Case Studies", Journal of Medical Systems, 2019 (650 Citations) The final article, "Al in
Radiology: A Future Perspective on Breast Cancer Diagnosis" (Radiology Clinics of North America; 2022), Adams et
al. with a total citation count of 620 Times.
Together, this list represents the changing state of Al technology for detecting breast cancer with examples of leading
works and ongoing developments. The authors emphasize the utility of this technology in increasing diagnostic accuracy,
enhancing patient outcomes, and adventuring future lines to work out within radiology.
Conclusion
In conclusion, this paper has conducted a thorough analysis of the use of artificial intelligence in radiology’s contribution
to early breast cancer detection. This analysis included various aspects of this developing scientific area, such as
sentiment and bibliometric analyses, collaboration between leading institutions, the impact of journals, trends in
keywords, and highly cited references. Bibliometric analysis showed that the analyzed field is strong and growing, with
many contributions from prominent institutions and researchers. Journal impact and collaboration networks
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demonstrated that collaboration is critical and is present in a variety of areas and regions and that high-impact journals
are numerous. This suggests the significance of interdisciplinary work in progressing the see because of knowledge and
practice. Trend analysis and co-occurrence mapping provided directors to the most developing areas of Al-based breast
cancer research. The most frequent keywords deep learning, machine learning, and predictive algorithms showed the
development of this area and changes in research interest. Heterogeneity of the most frequent co-occurrences of other
terms demonstrated the complexity of all aspects addressed by the use of artificial intelligence in radiology. Highly cited
references showed the influences of specific works on further research and practice and their continued significance. The
use of artificial intelligence in breast cancer detection is a transformational development in radiology, which has enlarged
possibilities in diagnostic precision and effectiveness. More needs to be done to inform research and clinical application,
and this paper serves as a basis for further research in this important area of health sciences.
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