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Abstract

Background: Colorectal polyps are the primary precancerous lesions of colorectal cancer (CRC), but the adenoma
miss rate associated with manual colonoscopy is relatively high in clinical practice. Although artificial intelligence
(Al)-assisted systems have shown substantial potential in improving polyp detection rates, a comprehensive
summary of the current research landscape is still lacking.

Methods: This study conducted a literature search of publications indexed in the Web of Science Core Collection
(WOSCC) from January 1, 2016 to December 31, 2025. Bibliometric analyses, including descriptive statistics,
co-occurrence analysis, cluster analysis, and burst detection, were applied to the retrieved data.

Results: A total of 570 publications were included. The synchronous growth in publication volume and citation
counts reflects the robust development momentum of Al research in colorectal polyps. China and the United States
emerged as the core countries in global research. Institutional output was highly concentrated among top-tier
academic medical centers. Gastroenterology journals and biomedical engineering/computer vision journals serve
as complementary knowledge hubs. Mori Y was the most prolific author, with core author groups forming highly
cohesive research communities within specific countries. Keyword analysis revealed the developmental trajectory
of the field. The early exploration phase focused on traditional machine learning and feasibility validation, while
convolutional neural networks (CNNs) and polyp segmentation drove the rapid expansion phase. The current phase
emphasizes a clinical orientation toward optical diagnosis, quality indicators, and real-world validation. Citation
burst analysis further corroborated this transition.

Conclusion: Research on Al-assisted colorectal polyps has developed rapidly. At present, the research focus in this
field is shifting from mere algorithmic performance optimization toward patient-centered clinical validation and
application. The literature suggests potential value in reducing interval cancers; however, this potential remains to
be confirmed by future prospective studies, as the present bibliometric analysis can only characterize publication
trends rather than establish clinical effectiveness.
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Introduction

Colorectal cancer (CRC) remains one of the most
common malignancies worldwide! . According to the
Global Cancer Statistics 2024, CRC accounts for 9.9%
of all new cancer diagnoses and 9.4% of cancer deaths
globally, ranking third in incidence and second in cancer
mortality worldwide™!. The vast majority of CRC cases
arise from colorectal polyps, particularly adenomatous
polyps, through the well-established adenoma-carcinoma
sequence™®. This pathological progression provides a
unique window of opportunity for cancer prevention, as
the detection and removal of precancerous polyps during
colonoscopy can effectively interrupt this cascade and
reduce both CRC incidence and mortality”*. Colonos-
copy is widely acknowledged as the gold standard for the
detection of precancerous polyps!'®'l. However, despite
its established efficacy, conventional colonoscopy is
not without limitations!">'¥, A significant percentage
of adenomas and polyps are missed during routine
endoscopic examinations, largely due to factors such
as lesion morphology, subtle appearance, endoscopist
fatigue, and variations in operator experience!>'®. These
missed lesions contribute to interval cancers and under-
mine the overall effectiveness of screening programs!'”.
Consequently, there is an urgent and growing need for
adjunctive technologies that can enhance the detec-
tion and characterization of colorectal polyps, thereby
improving the quality and consistency of colonoscopic
surveillance!'®.

In recent years, artificial intelligence (Al) has emerged
as an important technological advance in gastrointestinal
endoscopy, offering promising solutions to the long-
standing challenges of polyp detection and diagnosis!®.
Al technologies, particularly deep learning algorithms
and convolutional neural networks (CNNs), have been
increasingly integrated into colonoscopic procedures
to assist endoscopists in real-time identification and
classification of colorectal lesions™!. These Al-assisted
systems can be broadly categorized into computer-aided
detection (CADe) systems, which flag suspicious areas
during colonoscopy, and computer-aided diagnosis
(CADx) systems, which provide optical characterization
of detected polyps®". A growing body of evidence from
randomized controlled trials and meta-analyses has
demonstrated that Al-assisted colonoscopy significantly

increases adenoma detection rates (ADR) and polyp
detection rates (PDR) compared with conventional colo-
noscopy alone, with some studies reporting detection
accuracy as high as 93.7% for colorectal polyps™**.
The accelerating volume and broadening scope of
Al-related publications on colorectal polyps necessitate
a systematic and quantitative assessment of the research
landscape, but such a comprehensive overview is cur-
rently lacking. Bibliometric analysis, which employs
quantitative methods to evaluate publication patterns,
collaboration networks, and emerging research hotspots,
offers an ideal approach to map the intellectual structure
and evolutionary trajectory of this rapidly expanding
field***!. By providing a macroscopic view of global
research productivity, key contributors, and thematic
shifts, bibliometric studies can help researchers, cli-
nicians, and policymakers identify gaps, prioritize
future directions, and foster interdisciplinary collabora-
tions***7),

Materials and methods
Data sources and literature screening

On July 6, 2026, a systematic literature search was
performed in the Web of Science Core Collection
(WOSCC), covering publications from January 1,
2016 to December 31, 2025. The search strategy was
developed using a combination of controlled vocabulary
and free-text terms, built around two core themes: Al
and colorectal polyps. Specifically, terms related to Al,
such as “artificial intelligence”, “deep learning”, and
“machine learning”, were combined with disease-related
terms, including “intestinal polyp”, “colorectal polyp”,
and “colon polyp”, using Boolean operators. The search
was restricted to original articles and reviews published
in English. After the initial retrieval, the full records
and cited references of all identified publications were
exported in plain-text format.

To ensure high relevance to the research topic, two
investigators independently conducted a manual screen-
ing of the retrieved results. They first evaluated titles
and abstracts to exclude clearly irrelevant records, and
then read the full texts to determine whether each article
met the scope of the study. Any disagreements between
the two reviewers were resolved through discussion



or by consultation with a third investigator. Studies
were excluded if they mentioned Al only superficially
without it being a core component, or if they were con-
ference abstracts, editorials, letters, or lacked essential
bibliographic information. The detailed search strategy
is presented in Table 1.

Table 1: Construction of search strategy and literature
collection

Item Content
Database ~ Web of Science Core Collection
TS = (“artificial intelligence” OR “ai” OR “deep
learning” OR “machine learning” OR “computer
aided” OR “CADe” OR “CADx” OR “neural
network” OR “convolutional neural network”
Search OR “CNN” OR “automated” OR “automatic”
strategy OR “image recognition” OR “pattern recog-
nition” OR “computational intelligence” OR
“machine intelligence”) AND TS = (“intestinal
polyp” OR “colorectal polyp” OR “colon
polyp” OR “colonic polyp” OR “adenoma*”’)
Time period January 1, 2016 to December 31, 2025
Search date 6 July 2026
Document Article and review article
types
Language  English

Abbreviations: TS, Topic Search.

Data normalization and processing

The retrieved records were imported into CiteSpace
(6.2.R4) and VOSviewer (1.6.19) for data cleaning and
standardization™*!, To handle variations in terminology
among different authors, such as synonyms, abbrevia-
tions, and different naming forms, we first unified
synonymous concepts to avoid duplicate counting. For
example, “CAD” and “CADx” were consolidated into
“computer-assisted diagnosis”. Subsequently, we care-
fully checked each reference to standardize punctuation,
capitalization, and DOI information, thereby ensuring
the accuracy of the subsequent co-citation analysis.

Statistical analysis and construction of visuali-
zation networks

To intuitively illustrate the distribution and evolutionary
relationships of research topics, we constructed both
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a keyword co-occurrence network and a document
co-citation network. For the keyword co-occurrence
network, we set a frequency threshold of at least 5.
VOSviewer 1.6.19 was used to construct country,
institution, author, and journal co-occurrence networks.
CiteSpace 6.2.R4 was used for keyword co-occurrence
mapping, keyword clustering, betweenness centrality
calculation, timeline visualization, document co-citation
analysis, burst detection, and pathfinder network
pruning. The Louvain community detection algorithm
was then applied to automatically partition the network
into thematic clusters, with each cluster representing
a relatively independent research direction. For the
document co-citation network, cited references were
treated as nodes and co-citation relationships as edges.
The pathfinder network pruning algorithm embedded
in CiteSpace was employed to simplify the network
structure, thereby highlighting core nodes and major
connecting pathways. All networks were visualized using
the Kamada-Kawai force-directed layout algorithm. In
the resulting visualizations, node size reflects frequency
or co-citation count, node color indicates -cluster
membership, and edge thickness represents the strength
of co-occurrence or co-citation. Betweenness centrality
was automatically computed by CiteSpace.

Results
Annual publication volume and citation trends

Using the above retrieval strategy, a total of 570
publications were finally included after screening
from the WOSCC (Fig. 1). From 2016 to 2025, the
annual publication volume and cumulative citation
frequency in the field of intestinal polyps and Al
exhibited a pronounced upward trajectory, reflecting
steadily growing academic attention. The period from
2016 to 2018 represented an initial phase, with annual
publications and cumulative citations remaining at a low
level. During this stage, only a small number of scholars
conducted preliminary explorations of basic algorithms.
From 2019 to 2021, both publication volume and citation
frequency increased rapidly, with annual publications
rising from 32 to 87 and cumulative citations climbing
from 423 to 1,853. The widespread adoption of deep
learning techniques spurred a surge of studies on polyp
detection, while research teams worldwide continued
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2022, publication volume experienced a slight decline,
which may be related to fluctuations in research cycles
and database indexing lag; however, the specific reasons
require further investigation. During this period, the
citation curve maintained steady growth, indicating
that the overall academic influence continued to
expand. From 2023 to 2025, both publication output
and total citation frequency demonstrated substantial
increases, suggesting that research production in this
interdisciplinary area continued to grow rapidly. Overall,
the application of Al technologies in the intestinal polyp
domain shows strong developmental momentum and
considerable scholarly influence (Fig. 2).

National academic clusters and international
collaboration networks

National academic clusters in the cross-disciplinary
field of intestinal polyps and Al exhibit a multipolar
distribution pattern, with the United States and China
playing dominant dual-core roles (Fig. 3A). Four distinct
clustering camps were identified, each with markedly
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Figure 2: Temporal trends of annual publications and cumulative cita-
tion counts in studies on Al for colorectal polyps from 2016 to 2025.

different characteristics. Cluster 1 is centered on China
as the dominant core, closely linked with Asia—Pacific
countries including India and Australia, forming a sub-
stantially large Asia—Pacific academic bloc. Cluster 2 is
concentrated in the Iberian Peninsula and South America,
primarily comprising Portugal, Spain, and Brazil,
reflecting the profound influence of linguistic and
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Figure 3: Country-level collaboration network, publication distribution, and temporal contribution map of research on Al for colorectal polyps.

(A) Collaboration network of countries/regions. Node size indicates publication weight of each country, line thickness represents collaboration intensity, and different colors denote
distinct clusters. (B) Circular cluster diagram of publications by countries. (C) Stacked area chart showing the proportion of publications contributed by core countries from 2016 to

2025.

cultural affinity on transnational research collaboration.
Cluster 3 presents the most distinctive cross-regional
composition, encompassing the United States, Norway,
Italy, and Turkey, demonstrating a pronounced trans-
continental integration across the Americas, Europe,
and Asia. Cluster 4 is highly concentrated in the United

Kingdom and its closely collaborating neighboring
countries, exhibiting exceptional internal cohesion within
a specific academic community. In terms of overall
national weights, the United States and China far outrank
all other countries in both node counts and aggregate
weights. Not only do these two nations share highly
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frequent and extensive interconnecting links, but they also
serve as pivotal radiation hubs within their respective
clusters. This finding underscores that in the cross-
disciplinary research on intestinal polyps and Al
the United States and China are not only the highest-
producing research and development (R&D) power-
houses but also the crucial nodal connectors that bridge
different global collaboration camps.

The transnational collaboration network in this field
exhibits a densely interwoven pattern centered on the
United States, the United Kingdom, Japan, and Italy as
the core tier (Fig. 3B). The United States demonstrates
the most prominent weighting and arc length in the
global collaboration network, with the United Kingdom,
Japan, and Italy also ranking among the forefront of
international collaboration. These four nations together
form an exceptionally robust and intensive “backbone
chain” of cooperation, mutually incorporating and
integrating the most essential global research forces
in the field. China occupies a comparably substantial
arc segment in the chord diagram, not maintaining
multidimensional and robust collaborative links not
only with the United States, the United Kingdom, and
Italy but also with Asian neighbors including Japan,
South Korea, and Singapore. This clearly indicates that
China is deeply engaged in and connected to the core
nodes of global interaction. Beyond the aforementioned
countries, Germany, France, Australia, India, and South
Korea also participate broadly in the collaboration net-
work through multiple peripheral links, jointly fostering
a well-functioning transnational academic ecosystem
characterized by strong main trunks and densely distrib-
uted branches. Overall, global collaboration in this field
has transcended geographic constraints, with European,
American, and Asia—Pacific research camps interacting
at high frequency, thereby continuously accelerating
advances and dissemination at the forefront of this inter-
disciplinary research.

Examining the annual changes in publication shares
among major countries over the past decade, the field
has transitioned from an early phase dominated by the
United States, China, and Japan to a mature stage charac-
terized by coordinated multi-country advancement
(Fig. 3C). From 2016 to 2018, the early exploratory
period of this research, the United States and China

accounted for the largest annual publication shares; the
United States reached approximately 40% in 2017 and
35% in 2018, while China contributed approximately
20%-33% during this period. Japan also held a notable
share, whereas India’s share remained minimal or zero.
Starting from 2019, as the application of Al to intesti-
nal polyp research rapidly gained momentum, China’s
publication share rose markedly, from approximately
20% in 2019 to around 34% in 2020, and it remained
the largest share thereafter, reaching approximately 45%
in 2023, 40% in 2024, and 38% in 2025. In contrast, the
publication share of the United States declined from its
early peak to approximately 12% in 2025. By the most
recent observation point in 2025, the global academic
landscape had entered a relatively balanced phase of
comprehensive development. China became the country
with the largest publication share that year, followed by
the United States (approximately 12%), Italy (approxi-
mately 10%), and Canada (approximately 7%), while
Japan, the United Kingdom, and India each accounted for
approximately 6%—7%. In addition, countries including
South Korea, Norway, and Germany maintained stable
shares. This structural transformation clearly indicates
that cross-disciplinary research on intestinal polyps and
Al has moved beyond reliance on a single country’s
research capacity and is now entering a new phase
co-led by China, the United States, and several other
major contributors, with stable participation from multi-
ple nations contributing to synergistic development.

Institutional output patterns and collaborative
networks

The institutional output landscape in the cross-
disciplinary field of intestinal polyps and Al exhibits
pronounced concentration (Fig. 4A). The top 10 insti-
tutions by publication volume were Showa Univ (29),
Humanitas Univ (23), Univ Oslo (21), Oslo Univ
Hosp (15), Nagoya Univ (12), Natl Canc Ctr (12),
Harvard Med Sch (11), Indiana Univ Sch Med (11),
Chinese Univ Hong Kong (10), and Univ Kansas (10)
(Fig. 4B). Among them, Showa Univ had the highest
total citations (1,789), followed by Univ Oslo (1,173)
and Nagoya Univ (1,150) (Fig. 4C). In terms of global
publication volume, major academic output is highly
concentrated among a group of internationally leading
clinical medical centers and comprehensive research
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Figure 4: Institutional collaboration network, publication output, and citation contribution map in the field of Al for colorectal polyps.

(A) Global institutional collaboration network; nodes represent research institutions, node size reflects institutional publication volume, line thickness indicates inter-institutional
collaboration intensity, and different colors correspond to different institution. (B) Bar chart showing publication outputs of core research institutions. (C) Bar chart showing cumulative

citation frequencies of core research institutions.

universities. Among these, the top-tier core medical
institutions, leveraging their substantial clinical resources
and interdisciplinary research accumulation, constitute the
primary driving force steering the field. A considerable
number of general hospitals and medical schools with
strong specialized capabilities form the second tier;
although their total output remains somewhat behind
the leading tier, they demonstrate notable focus and
activity in specific sub-directions. From a geographic
distribution perspective, these high-output institutions are

predominantly located in East Asia, North America, and
selected European countries, indicating that the research
focus in this field is closely tied to medical centers rich
in high-quality case resources and advanced hardware
and software facilities, thereby forming highly cohesive
medico-engineering clusters with strong endogenous
integration.

Institutional collaborations exhibit a multidimensional
collaborative network that radiates globally from core
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hubs (Fig. 4A). The visualized collaboration relation-
ships intuitively reveal that scientific collaboration in
this field has significantly transcended geographical
boundaries. The leading core institutions not only play
roles of academic leadership and resource aggrega-
tion within their respective regions but also serve as
critical hub nodes in the global collaboration network,
maintaining high-density research exchanges and coop-
erative ties with renowned medical schools and clinical
centers across Europe, Americas, and Asia. The exten-
sive network of intersecting links indicates that these
academic frontrunners are not operating in isolation;
rather, they effectively integrate global cutting-edge
research resources through multiple channels, including
data sharing, joint research initiatives, and talent mobil-
ity. Meanwhile, a number of emerging institutions have
leveraged active participation in transnational collabora-
tive projects led by these core hubs, rapidly overcoming
their own geographic and resource limitations through
the strong academic radiation of their partners, thereby
gaining entry into the globalized research system of the
field. This has substantially accelerated the translation
of Al-based intestinal polyp diagnostic technologies
from theoretical validation to clinical implementation.

Journal co-occurrence networks and publica-
tion outlets

The journal co-occurrence network demonstrated sig-
nificant interdisciplinary characteristics (Fig. SA). Three
major clusters were identified, corresponding to core
journals in gastroenterology and digestive endoscopy,
core journals in biomedical engineering and computer/
information science, and general medical journals,
respectively. The gastroenterology specialty journals,
centering on classic publications such as World Journal
of Gastroenterology, Digestive Endoscopy, Gastrointes-
tinal Endoscopy, and Digestion, constituted a clinical
research cluster in digestive diseases. The engineering
and technology journals, including /EEE Access, Sen-
sors, Biomedical Signal Processing and Control,
and Scientific Reports, represented a literature cluster
in Al, biosignal, and sensing technology directions.
Extensive cross-links between these two clusters intui-
tively reflected the ongoing interdisciplinary integration
between digestive endoscopy disease research and Al
engineering disciplines.

In terms of the overall distribution of publication output
among journals (Fig. 5B), IEEE Access and Biomedical
Signal Processing and Control served as the primary
venues for technology and methodology-oriented
research, while digestive specialty journals such as
Digestive Endoscopy and World Journal of Gastroen-
terology also published a substantial number of relevant
papers. Leading journals in digestive endoscopy and
gastroenterology maintained consistent and stable out-
put of clinical research findings, whereas biomedical
engineering and general science journals provided a rich
platform for the validation and application of cutting-
edge algorithms.

Regarding the academic impact of these journals, most
publications appeared in journals ranked in the quartile 1
(Q1) and quartile 2 (Q2) quartiles of the Journal Citation
Reports, underscoring that research in this interdisci-
plinary field not only exhibits strong clinical relevance
but also meets high academic quality and publication
standards, with broad recognition across mainstream
journals in multiple disciplines (Fig. 5C). In terms of total
citations, the top clinical journals in gastroenterology
established an academic high ground, effectively guid-
ing the theoretical and applied development in the field.
Meanwhile, some engineering and technology journals
also garnered considerable attention. Gastroenterology
had the highest co-citation frequency, followed by other
leading digestive journals such as Gastrointestinal
Endoscopy, Endoscopy, The Lancet Gastroenterology &
Hepatology, and Gut. Engineering and multidiscipli-
nary journals such as IEEE Journal of Biomedical and
Health Informatics and Scientific Reports also achieved
relatively high co-citation counts, further indicating
that researchers in this field not only highly recognize
authoritative clinical journals in gastroenterology but
also continuously refer to publications in biomedical
engineering and Al, demonstrating a pronounced inter-
disciplinary character.

Author co-occurrence networks and leading
contributors

The author collaboration network is presented in
Figure 6A. The green cluster, centered around Japanese
researchers including Mori Y., Misawa M., and Kudo
S., formed the largest and most internally cohesive
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Figure 5: Journal co-occurrence network, publication quantity and citation distribution of literature on Al for colorectal polyps.

(A) Journal co-occurrence network map; node size represents the number of published articles of each journal, the thickness of connecting lines stands for the co-citation strength
between journals, and different color clusters distinguish journal groups with similar research positioning. (B) Bar chart showing the annual document quantity of core journals, with
color blocks marking journal partition (Q1, Q2, Q3). (C) Bar chart displaying cumulative citation counts of high-impact core journals, with colors indicating journal partition (Q1, Q2).

Abbreviations: Q1, quartile 1; Q2, quartile 2; Q3, quartile 3.

collaborative research group. The red cluster comprised
Italian scholars such as Repici A., Hassan C., and
Antonelli G., representing another core research team.
Additionally, small independent collaborative subgroups
composed of researchers from the United States and the
Netherlands were also observed. Although cross-cluster
links indicated some degree of interregional academic

exchange among research teams, overall collaboration
remained predominantly intranational.

Figure 6B illustrates the distribution of highly produc-
tive authors. Mori Y. ranked first with 22 publications,
followed by Hassan C. (19) and Misawa M. (19). The
most prolific authors were primarily from Japan and
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Figure 6: Author collaboration network, publication output, and citation distribution of research on Al for colorectal polyps.
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represent author clusters from different countries. (B) Bar chart of total publications for core productive authors, color-coded by national affiliation. (C) Bar chart of cumulative citation

counts for highly cited core authors, color-coded by national affiliation.

Italy, while researchers from the United States and the
Netherlands contributed relatively fewer publications,
corroborating the geographical clustering patterns
observed in the collaboration network. Figure 6C ranks
authors by citation counts of their publications. Mori
Y. had the highest total citations (1,500), followed by
Misawa M. (1,324) and Kudo S. (1,303). Highly cited
scholars were predominantly Japanese, with Italian
researcher Hassan C. also demonstrating notable academic

10

impact. These findings indicate that Japanese research
teams hold a leading position in both overall output and
academic influence in this field, while Italian research
teams serve as another significant contributor of high-
value contributions. Although independent research
groups exist in other regions of Europe and the United
States, their overall academic volume and influence
remain comparatively lower than those of Japanese and
Italian authors.



High-frequency keyword analysis and thematic
clusters

The keyword co-occurrence network is shown in
Figure 7A. Prominent large nodes including ““colonoscopy”,
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“polyp detection”, “colorectal polyps”, “computer-aided
detection”, “convolutional neural network”, and “cap-
sule endoscopy” serve as core hotspots, demonstrating
that existing studies mainly focus on computer-aided
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Figure 7: Keyword co-occurrence network, clustering map, and temporal evolution timeline of Al research on colorectal polyps.
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keywords. (B) Keyword clustering map based on Log Likelihood Ratio (LLR) algorithm, with different colored regions representing independent research clusters labeled by serial
numbers. (C) Keyword temporal evolution timeline spanning 2016—2025, illustrating the rise and shift of each research cluster over years.
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examination under colonoscopy and capsule endoscopy.
Meanwhile, closely linked keywords such as “adenoma”,
“histology”, surveillance”, and “reduction
false positives” can be observed, revealing that apart from
algorithm construction, researchers also attach importance
to clinical challenges including adenoma pathological
classification, CRC prevention, endoscopic surveillance

and false positive optimization (Tables 2 and 3).

9% ¢

prevention”,

Table 2: Top 10 high-frequency keywords in the analyzed

literature
Rank Keyword Frequency Proportion (%) Year
m‘:‘erﬁ‘lgzi . 158 14 2019
2 Colorectal cancer 142 5 2017
3 Deep learning 134 8 2017
4 Classification 114 18 2016
5 Cancer 104 27 2016
6 Colonoscopy 92 20 2016
7 Diagnosis 81 26 2017
8 Validation 78 15 2018
9 Colorectal polyps 76 3 2019
10 System 70 24 2017

Note: Year indicates the year in which the keyword first appeared in the included
publications.

Table 3: Top 10 keywords with highest betweenness cen-
trality

Rank Keyword Frequency BZ:;;Z?E;SS Year
1 Capsule endoscopy 19 0.52 2016
5 Helicpbactgr pylori 13 0.32 2019

infection
3 Colorectal polyp 27 0.31 2021
4 Polyp segmentation 61 0.29 2019
5 Accuracy 25 0.28 2018
6 Cancer 104 0.27 2016
7 Diagnosis 81 0.26 2017
8 System 70 0.24 2017
9 Comgi‘:;j‘ssizmed 2 024 2020
10 Adenocarcinoma 2 0.23 2022
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The cluster map based on modularity analysis is dis-
played in Figure 7B. All research topics are divided
into 11 clusters, namely #0 machine learning, #1 polyp
segmentation, #2 optical diagnosis, #3 automatic polyp
detection, #4 polypectomy, #5 colon polyps, #6 computer-
aided diagnosis, #7 colorectal cancer, #8 colorectal,
#9 convolutional neural networks, and #10 semantic
segmentation. Two interwoven research threads can
be summarized: the technical thread consists of Al
algorithms including “convolutional neural networks”,
“machine learning”, and “semantic segmentation”, while
the clinical thread covers “colon polyps”, “colorectal
cancer”, optical diagnosis and endoscopic treatment of
polyps, strongly proving the interdisciplinary integration
of Al and clinical digestive endoscopy.

The timeline visualization of keywords is presented in
Figure 7C, which reflects the evolutionary trajectory of
research themes across years. Early studies centered on
“capsule endoscopy”, “computer-aided detection” and
the evaluation of polyp detection performance. In sub-
sequent periods, deep learning-related themes such as
“convolutional neural networks”, image segmentation,
and “semantic segmentation” gained growing attention.
Recent research pays more attention to CRC screening,
feature extraction of algorithms, clinical performance of
models, and epidemiological characteristics of diseases.
The evolutionary trend indicates that the research para-
digm has shifted from preliminary exploration of basic
detection models to the development of refined image
segmentation algorithms, and further extended toward
clinical screening practice and real-world performance
verification.

Reference co-citation analysis and intellec-
tual base

The reference analysis revealed that the knowledge
base of the interdisciplinary field of colorectal polyps
and Al exhibits a co-citation network characteristic of a
close integration between clinical digestive endoscopy
and deep learning technologies (Fig. 8A and 8B). In
terms of clustering distribution (Fig. 8B), the field
was partitioned into several thematic clusters, with
representative clusters including #0 polyp segmentation,
#1 artificial intelligence, #2 polyp detection, #6 cnn, and
#7 optical diagnosis. Research directions centered on
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Figure 8: Reference co-citation network, reference clustering map, and top burst references of Al research on colorectal polyps.

(A) Reference co-citation network; node size represents co-citation frequency of each publication, and node labels mark representative pivotal references. (B) Reference clustering
map categorized by LLR algorithm, where distinct color zones denote independent citation clusters with serial number labels for thematic topics. (C) Top 20 references with the
strongest citation bursts from 2016 to 2025; “Strength” indicates burst intensity, while horizontal bars visualize the time interval of citation burst for each core literature.
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Al, polyp segmentation, and polyp detection were closely
interconnected, with dense cross-linking among them.
Clusters pertaining to foundational algorithm models,
clinical translation, and standardized diagnostic and
therapeutic protocols were mutually interpenetrating,
collectively constituting the academic knowledge
foundation of this field.

Highly cited publications were predominantly published
between 2018 and 2020 (Tables 4 and 5). These studies
established critical algorithmic benchmarks and clinical
validation evidence for Al-assisted polyp recognition.
Publications with high betweenness centrality were
mostly derived from foundational algorithm develop-
ment in computer vision and standardization research for

clinical applications. These works served as important
academic “bridges”, effectively facilitating the transla-
tion of underlying algorithmic frameworks into practical
clinical demands in digestive endoscopy.

The temporal sequence of citation bursts clearly mapped
the periodic shifts in research perspectives within
this field (Fig. 8C). Early burst documents tended to
explore the feasibility of Al applications in colorectal
polyps and CRC screening, whereas recent strong
bursts have focused on more granular technical chal-
lenges, including optimization of polyp segmentation
algorithms, construction of clinical evaluation metrics,
and evidence-based assessment of auxiliary diagnostic
and therapeutic tools. The burst periods of some of the

Table 4: Top 10 cited references in the co-citation network

Rank Cited reference (first author, year, journal) Frequency DOI
1 Jha D, 2020, Lect Notes Comput Sc 98 10.1007/978-3-030-37734-2
2 Byrne MF, 2019, Gut 93 10.1136/gutjnl-2017-314547
3 Chen PJ, 2018, Gastroenterology 75 10.1053/j.gastro.2017.10.010
4 Urban G, 2018, Gastroenterology 75 10.1053/j.gastro.2018.06.037
5 Wang P, 2019, Gut 75 10.1136/gutjnl-2018-317500
6 Deng-Ping Fan, 2020, MICCAI (LNCS) 66 10.1007/978-3-030-59725-2
7 Mori Y, 2018, Ann Intern Med 64 10.7326/M18-0249
8 Sung H, 2021, CA-Cancer J Clin 63 10.3322/caac.21660
9 Wang P, 2018, Nat Biomed Eng 61 10.1038/541551-018-0301-3
10 Repici A, 2020, Gastroenterology 60 10.1053/j.gastro.2020.04.062
Table 5: Top 10 cited references with the highest betweenness centrality
Rank Cited reference (first author, year, journal) Centrality Frequency

1 Yu LQ, 2017, IEEE J Biomed Health 0.67 23

2 He KM, 2016, CVPR 0.54 19

3 Shen DG, 2017, Annu Rev Biomed Eng 0.54 5

4 Zhang RK, 2018, Pattern Recogn 0.53 24

5 Deng-Ping Fan, 2020, MICCAI (LNCS) 0.51 66

6 Mori Y, 2018, Ann Intern Med 0.51 64

7 Vazquez D, 2017, J Healthc Eng 0.51 16

8 Rondonotti E, 2023, Endoscopy 0.45 27

9 Rex DK, 2024, Ann Intern Med 0.45 9

10 Tajbakhsh N, 2016, IEEE T Med Imaging 0.42 18




most recent emergent publications extended continuously
into 2025, suggesting that segmentation models and
Transformer-related architectures remain persistently
active frontier research directions.

Discussion

As the predominant precursor lesions of CRC, colorectal
polyps are histologically classified into hyperplastic
polyps, inflammatory polyps, adenomatous polyps, and
sessile serrated lesions (SSLs)®™. Among these,
adenomatous polyps are highly prevalent and carry
a well-established risk of malignant transformation,
while SSLs are increasingly recognized as clinically
significant precursors with a distinct and considerable
neoplastic potential®'*?. The malignant potential of
these lesions is closely correlated with lesion size,
endoscopic morphological features, and the depth
of submucosal invasion. The foremost advantage of
colonoscopy lies in its ability to simultaneously detect
and resect precancerous lesions in a single procedure.
During the endoscopic examination, accurate real-time
differentiation between neoplastic and non-neoplastic
polyps is critical for guiding immediate resection
decisions and determining appropriate surveillance
intervals. However, conventional endoscopic diagnosis
and treatment are inherently dependent on the operator’s
technical skill, visual attention, ability to inspect blind
areas behind colonic folds, and consistency of subjec-
tive judgment, factors that inevitably contribute to a
non-negligible polyp miss rate, thereby undermining
the overall effectiveness of screening programs®*.
Al-assisted tools, capable of marking suspicious lesions
in real time and providing instantaneous optical biopsy
predictions, hold the potential to assist endoscopists in
achieving more consistent and higher-quality polyp
management across diverse clinical settings, potentially
contributing to reduced incidence of malignant out-
comes*.,

This study conducted a systematic bibliometric analysis
of research literature on Al in the field of colorectal
polyps from 2016 to 2025, based on the WOSCC. It
comprehensively revealed the knowledge structure
and development trajectory of this field from multiple
dimensions, including annual output, countries/regions,
institutions, journals, authors, keywords, and references.
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The results indicate that research in this field has
undergone a significant transformation from sporadic
exploration to rapid growth over the past decade, with
a concurrent sharp increase in both publication volume
and citation counts after 2019. The substantial expansion
of research output can be attributed to multiple driving
factors: the global promotion of colonoscopy-based
cancer screening, the continuous accumulation of high-
quality endoscopic polyp image databases, the iterative
optimization of computer vision and convolutional
neural network (CNN) algorithms, and the clinical
demands for reducing polyp miss rates and standardiz-
ing endoscopic judgment criteria”>*?. The synchronous
growth in citations suggests that research findings in this
field have gained extensive attention and been adopted
by the academic community. Overall, the field of Al-
assisted diagnosis and treatment of colorectal polyps is
experiencing not only an expansion in scale but also a
concurrent accumulation of academic influence, and is
currently on a steady upward trajectory.

At the national level, this study reveals a complex collabo-
rative network driven by the United States and China,
with multipolar collaboration pattern. The United
States, leveraging its dual strengths in foundational Al
algorithms and clinical research in digestive endoscopy,
is among the most influential contributors. China, in turn,
has become the major hub of the Asia—Pacific region,
underpinned by its vast clinical case resources and rapidly
advancing technological R&D capabilities, and has
established the most intensive collaborative links with
the United States®’**. This configuration suggests that
major breakthroughs in this field increasingly depend on
cross-national and cross-regional resource integration
and coordinated research efforts. Notably, Japan once
held a dominant role in the early pioneering phase;
however, with the deepening engagement of a growing
number of countries, the global academic landscape has
evolved into a mature stage characterized by balanced
development among multiple nations. This structural
shift indicates that the field has transitioned from reliance
on the first-mover advantages of individual countries
toward a multi-centric and benignly competitive col-
laborative pattern, which holds positive implications
for the diverse validation and global translation of these
technologies.



Proactive Health Research

At the institutional level, the analysis reveals that the
total publication output is highly concentrated among
top-tier comprehensive universities and large clinical
medical centers, which have formed a leading first tier
by leveraging their abundant endoscopic case resources
and well-established interdisciplinary platforms in medi-
cal engineering. The second tier consists of specialized
hospitals and medical schools with targeted research
outputs. Geographically, high-output institutions are
predominantly located in East Asia, North America, and
Europe, forming close medical-industrial collaborative
clusters around resource-rich advanced medical centers.
In terms of collaborative networks, research institutions
have transcended geographical boundaries, integrating
global cutting-edge resources through joint research,
data sharing, and talent exchange, thereby accelerating
the clinical translation of Al-based polyp diagnostic
technologies. At the current stage, however, a notable
imbalance in institutional research capabilities persists.
Japanese core institutions hold a leading position in both
publication volume and citation impact, whereas insti-
tutions in some regions have more limited independent
research capacity and mostly rely on collaborative
projects with top-tier centers to conduct their studies.
Future research should foster deeper collaboration between
core institutions and emerging regional medical centers,
so as to further advance the standardization and multi-
center clinical validation of Al-assisted diagnostic sys-
tems.

Bibliometric analysis of journal co-occurrence, publi-
cation volume, and citation metrics further elucidates
the interdisciplinary development characteristics of Al-
assisted colorectal polyp research. Gastroenterology and
digestive endoscopy journals, as traditional bastions of
clinical medicine, focus on publishing prospective vali-
dation studies of Al-assisted technologies in real-world
clinical settings, multicenter randomized controlled trial
results, and cost-effectiveness analyses, with their editorial
emphasis placed on clinical feasibility of methodologies
and patient outcome-oriented evaluation metrics. In
contrast, biomedical engineering and computer vision
journals serve as the breeding ground for algorithmic
innovation, giving greater attention to innovations in
deep learning model architecture design, performance
optimization of image segmentation and object detec-
tion algorithms, and technical solutions addressing
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the specific limitations of endoscopic imaging, with
evaluation standards centering on technical novelty,
computational efficiency, and performance on public
benchmark datasets. This journal distribution pattern,
characterized by the integration of medicine and engi-
neering, reflects the continuous translation of algorithmic
innovations into the clinical diagnosis and treatment of
colorectal polyps.

Author co-occurrence analysis reveals that core author
groups have formed tightly-knit research communities
within specific countries, while extensive cross-national
and cross-regional collaborative links also exist, indi-
cating that research efforts in this field are anchored
by core teams that drive the participation of scholars
worldwide. In terms of overall publication output, the
literature in this field is predominantly contributed by
core teams from Asia and Europe. Japanese scholar
Mori Y. stands as one of the most prolific authors in this
domain, with his research tracing a complete pathway
from proof-of-concept to clinical translation of Al-
assisted colonoscopy. Mori’s group initially focused on
the application of deep learning-based CADx systems in
therapeutic decision-making for colorectal polyps, and
subsequently expanded into evaluating the intervention
effectiveness of Al in cancer screening programs, its
preventive benefits against CRC mortality, and its clinical
application in endoscopic surveillance of ulcerative
colitis™ ", European scholars such as Repici A. and
Antonelli G. have also made significant contributions to
the integrated evaluation of CADe/CADx systems. Repici,
as a core author of multiple high-impact systematic
reviews and meta-analyses, has investigated not only the
detection and characterization accuracy of Al systems
but also the enhancement effect of Al assistance on the
diagnostic performance of non-expert endoscopists!*'.
Antonelli, in his reviews, explicitly stated that CADe
and CADx represent the most evidence-based clinical
applications of Al in gastroenterology, and emphasized
that the transformative potential of Al in colonoscopy
lies in achieving standardization of practice*”. In terms
of academic influence, current high-impact research is
heavily dependent on Japanese authors. Future efforts
should further strengthen in-depth transnational collabo-
ration to promote the universal development of Al-based
diagnostic technologies for colorectal polyps.



Keyword co-occurrence analysis enables the identifica-
tion of research hotspots and the evolution of research
themes™!. The strong associations among high-fre-
quency keywords such as “deep learning”, “validation”,
“colonoscopy”, “colorectal polyps”, and “colorectal
cancer” indicate that the core driving force of this field
consistently originates from clinical needs, with algo-
rithmic innovations ultimately serving to improve polyp
detection rates and neoplastic polyp recognition rates'**..
Keywords including “adenoma detection”, “polyp
segmentation”, and “optical diagnosis” reflect research
hotspots focused on differentiating benign from malignant
polyps and screening diminutive polyps, corresponding
to the central clinical goal of enhancing ADRM**!, From
a technical perspective, “computer-aided detection”
and “computer-aided diagnosis (CADX)” represent the
prevailing general paradigms in the field, bridging tra-
ditional computer vision and deep learning™*”". “Machine
learning”, “convolutional neural network”, and “deep
learning algorithm” constitute the main algorithmic
backbone, while a substantial number of secondary
keywords such as “segmentation”, “classification”, and
“semantic segmentation” have emerged as derivatives
built upon deep learning architectures™*®). Furthermore,
keywords including “surveillance”, “quality indicators”,
“prevention”, and “capsule endoscopy” indicate that the
research scope has expanded from isolated polyp image
recognition to broader domains such as CRC screening,
endoscopic quality control, and intelligent recognition

in non-invasive capsule endoscopy scenarios™®-,

Timeline analysis reveals that in the early developmen-
tal stage, research concentrated on directions such as
“computer-aided detection”, “virtual colonography”,
and “polyp histology”, primarily relying on traditional
digital image processing and shallow machine learning
approaches. During this phase, only coarse detection of
polyps in static images was feasible, with low model
accuracy and no capability for real-time endoscopic
application. This period was paralleled by the emer-
gence of foundational algorithmic studies that later
experienced strong citation bursts, such as Bernal et al.
(2017)*", which proposed a robust polyp detection method
in colonoscopy videos and served as an early benchmark
in the field, and Tajbakhsh et al. (2016)"*, which intro-
duced automated polyp detection in colonoscopy images
using CNNs and became one of the most intensively
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[51,52]

cited methodological references during 2018-2021
With the widespread adoption of CNNs, keywords such
as “convolutional neural networks”, “deep learning”,
“polyp segmentation”, and “semantic segmentation”
experienced a concentrated surge. This period marked
a breakthrough beyond the limitations of traditional
image algorithms, shifting research emphasis toward
the construction of standardized endoscopic datasets for
colorectal polyps and the development of dedicated deep
learning models targeting diminutive adenomas and flat
polypsP¥. The citation burst analysis corroborates this
technological transition: Urban e al. (2018)", which
demonstrated that a deep learning system could achieve
gastroenterologist-level adenoma detection, and Chen
et al. (2018)**, who developed a real-time CNN-based
polyp detection system, both exhibited strong citation
bursts starting in 2019, reflecting the academic commu-
nity’s rapid recognition of deep learning’s transformative
potential in this domain®. Concurrently, a series of
studies by Mori and Misawa, published between 2015
and 2018, which systematically validated CADe/CADx
systems in clinical settings, registered citation bursts
spanning from 2017 to 2021, indicating that the field’s
knowledge base was being simultaneously shaped by
both algorithmic breakthroughs and clinical validation
effortst*>,

In recent years, hotspot keywords have exhibited a
pronounced clinical orientation, with the frequencies
of “optical diagnosis”, “capsule endoscopy”, “quality
indicators”, ‘“surveillance”, and “risk” continuing to
rise, and new terms persistently emerging from clusters
#2 (optical diagnosis), #4 (polypectomy), and #5 (colon
polyps). This indicates that current research is no longer
confined to algorithmic performance improvement, but
has shifted toward the validation of clinical utility and
effectiveness of Al systems***%, This shift in research
focus is specifically projected onto a number of rapidly
evolving research hotspots in recent years. The improve-
ment effects of Al on adenoma detection rate and miss
rate, the application of Al in non-invasive screening
settings such as capsule endoscopy and virtual colonos-
copy, Al-based monitoring of endoscopic procedural
quality, as well as prediction of postoperative polyp
recurrence risk and optimization of population-based
CRC screening strategies, have emerged as further hot
topics for future investigation®*7,
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The evolution of keywords also reveals a series of unre-
solved structural deficiencies that have accompanied
the rapid development of this field. From the keyword
timeline, terms such as “polyp detection” and “convo-
lutional neural network™ have long occupied a central
position. A substantial body of research has focused on
demonstrating that Al can improve polyp detection rates,
yet the long-term benefits in terms of CRC incidence
and mortality remain unconfirmed by high-quality
prospective studies*™. The widespread use of CADe
is accompanied by potential risks of false-positive
alarms, unnecessary polypectomies, and endoscopist
skill degradation. More critically, some studies suggest
that the diagnostic accuracy of CADx systems may be
lower in the proximal colon than in the distal colon, a
region that is a predilection site for interval CRCP**,
In addition, the effectiveness of Al assistance is funda-
mentally contingent upon the image quality provided
by the endoscopist; any evaluation of Al performance
that is detached from operator-related factors is likely
to overestimate its true clinical value®. These note-
worthy issues are rarely mentioned within the keyword
network.

Therefore, the findings of this study carry multiple
implications for both clinical practice and future
research. From the perspective of clinical translation,
the systematic evidence for Al-assisted polyp detec-
tion and diagnosis has become increasingly robust;
the future challenge no longer lies solely in further
improving algorithmic accuracy in the laboratory, but
rather in ensuring its stability and generalizability in
real-world settings, and in achieving optimal efficiency
of human—machine collaboration'". The lack of unified
benchmarking standards and common clinical endpoints
across different CADe/CADx systems hinders cross-
study comparisons and the synthesis of evidence for
clinical decision-making'®. Future research should place
greater emphasis on clinical endpoints beyond adenoma
detection rate, incorporating more substantive outcome
measures such as interval cancer incidence and health
economic benefits, so as to provide higher-level evi-
dence for the widespread implementation of Al-assisted
colonoscopy™®!. From the perspective of algorithmic
design, research priorities should be redirected from
the development of single-task polyp recognition
technologies toward full-chain clinical value validation
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and risk optimization, thereby mitigating the potential
for erosion of diagnostic skills induced by over-reliance
on automation®. From the perspective of the overall
academic landscape, subsequent investigations should
be more oriented toward addressing real-world clinical
pain points, including false-positive risks, suboptimal
recognition in the proximal colon, difficulties in SSL dis-
crimination, and the negative aspects of human—machine
interaction, in order to redress the current imbalance in
research directions within the field'*”.

Conclusion

This study employs bibliometric methods to systematically
review the research progress on Al in the field of colorec-
tal polyps from 2016 to 2025, revealing the complete
development trajectory of this field from initial explora-
tion to rapid growth. The findings indicate that academic
output and impact have grown rapidly over the past
decade, with the United States and China serving as global
research hubs, leading a multidisciplinary research land-
scape driven by clinical needs and supported by deep
learning technologies. Keyword evolution and citation
burst analyses demonstrate that research hotspots have
shifted from macro-level feasibility validation to micro-
level precision tackling, with refined topics such as
polyp segmentation, optical diagnosis, risk assessment,
and clinical quality evaluation emerging as current fron-
tiers. The journal ecosystem and knowledge base of this
field exhibit a deep integration of clinical medicine and
engineering, forming a productive and collaborative aca-
demic environment. Overall, the application of Al in the
diagnosis and treatment of colorectal polyps has moved
beyond the early exploratory phase and is advancing
toward clinical practicality and precision. The literature
suggests potential value in improving the efficiency
of early CRC screening and reducing the incidence of
interval cancer; however, this potential remains to be
confirmed by future prospective studies, as the present
bibliometric analysis can only characterize publication
trends rather than establish clinical effectiveness.

Limitations

Although this study has systematically delineated the
research landscape and evolutionary trajectory of Al
in the field of colorectal polyps through bibliometric



methods, several limitations should be carefully con-
sidered when interpreting the findings. The data source
was restricted to the WOSCC, without inclusion of
other databases or preprint platforms, which may lead
to systematic underestimation of non-English literature,
regional journals, and the latest algorithmic break-
throughs. Citation counts as an indicator of impact are
subject to multiple non-quality-related factors: review
articles tend to attract more citations by nature, the
time-lag effect in citation accumulation may distort
assessments of true influence, and positive citations
and critical comments are statistically equivalent, fur-
ther complicating the interpretation of citation metrics.
Furthermore, this study employed two complementary
tools, VOSviewer and CiteSpace, differences in their
clustering algorithms and visualization layouts may
introduce minor discrepancies in the resulting structural
maps. Bibliometric analysis is adept at revealing macro-
level trends but cannot provide granular evaluations
of scientific quality or clinical translational value on
a study-by-study basis. Future research could further
extend the depth and breadth of such analyses by
integrating multi-source data, incorporating semantic
analysis, and leveraging multi-dimensional evidence.
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