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Abstract: This study systematically analyzed the research literature in the field of mechanobiology from 2010
to 2024 using the PubMed database and the MedSci bibliometric analysis platform. By applying bibliometric
methods, we explored annual publication volume, average citation counts, key journals, research institutions,
author collaboration networks, and the distribution of high-frequency keywords. The findings reveal research
trends and hotspots within the field, highlighting the notable interdisciplinary nature of mechanobiology.
Additionally, through the construction of knowledge maps and collaboration networks, this study provides
valuable insights for future academic developments. The analysis also identifies current research gaps and
proposes potential directions for theoretical advancement and application expansion in mechanobiology.

Keywords: mechanobiology; bibliometrics

1. Introduction

This study conducts a systematic review and analysis of research literature in mechanobiology
from 2010 to March 2024 using the PubMed database and MedSci bibliometric analysis platform. The
year 2010 was chosen as a starting point because it marks a period of rapid advancement in modern
analytical methods, such as single-cell sequencing and microfluidics, which propelled
mechanobiology into a new phase of development[1-4]. By employing bibliometric methods and
visual analysis, this study aims to uncover research trends, hotspots, and dynamic developments in
the field, providing a reference for future research directions.

Mechanobiology is an interdisciplinary field that combines insights from biology, engineering,
and chemistry.The concept dates back to the 1970 s and 1980 s when researchers first began studying
how cells respond to physical stimuli such as pressure and stretching[5,6].With advancements in cell
biology and materials science, researchers recognized the critical role of the extracellular matrix (ECM)
in mechanotransduction, understanding that its mechanical properties profoundly influence cellular
behavior—laying the foundation for subsequent mechanobiology studies. By the 21st century,
mechanobiology had emerged as an independent field of study, attracting researchers from biology,
materials science, engineering, and medicine[7-10] .Ample evidence now demonstrates that
mechanical signals play a pivotal role in processes like embryonic development, tissue regeneration,
and tumor metastasis[11-13].

Over the past decade, mechanobiology research has seen significant progress.Advanced
technologies—such as single-cell sequencing, atomic force microscopy, microfluidics, and 3D
bioprinting—have enabled researchers to explore cellular responses to mechanical forces at the
molecular level with greater precision [14-16].These technological advancements have fostered a
deeper understanding of the role of mechanical signals in cell fate determination, tissue
morphogenesis, and disease progression. Mechanobiology has thus evolved from early, simple

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202411.0860.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 November 2024 d0i:10.20944/preprints202411.0860.v1

observations of cellular mechanical responses to comprehensive studies of the complex interaction
networks between cells and their microenvironment [17-20] .

This study employs a multidimensional analytical approach to innovatively reveal shifts in
research intensity through annual publication volume analysis, identify core academic platforms
through journal distribution analysis, pinpoint key research teams via author collaboration network
analysis, and capture research frontiers through high-frequency keyword analysis. Unlike existing
literature reviews, this study places particular emphasis on mechanobiology’s recent progress in
emerging fields like regenerative medicine and tissue engineering. Furthermore, through social
network analysis, we delve into the interdisciplinary characteristics of the field. These findings offer
researchers a deeper understanding of the field, encourage cross-disciplinary collaboration, and
provide valuable references for policy-making and resource allocation.

2. Statistical Data Visualization Methods

2.1. Data Sources and Research Methods

Data source: Pubmed database.
Time span: 2010 to 2024

Document type: Article and Review
Language: English

The number of articles retrieved: 669
Search term: Mechanobiology

2.2. Research Methodology

This study utilizes the bibliometric analysis tool R package “bibliometrix” (version 4.2.3) [21] to
systematically analyze the global distribution network of literature in the field of mechanobiology.
Specifically, a complete set of metadata was exported from the PubMed database, and in-depth data
mining was conducted using the bibliometrix package within the R programming environment
(version 4.2.0) [22]. The “biblioAnalysis” and “summary” functions provided an initial overview of
the data, yielding multidimensional insights into temporal distribution, document types, citation
patterns, author collaboration networks, and country distribution .

Following this, the “metaTagExtraction,” “Biblionetwork,” and “Networkplot” commands were
applied to construct and visualize collaboration networks. Additionally, the “Biblioshiny” command
facilitated an in-depth analysis of international research collaborations, institutional cooperation
networks, keyword co-occurrences, and thematic evolution, offering a comprehensive view of the
research landscape and emerging trends in mechanobiology.

3. Results

3.1. Search Strategy, Analytical Approach, and General Data Statistics

Using bibliometric methods, this study systematically analyzed 669 mechanobiology
publications indexed under the topic term “Mechanics” in the PubMed database from 2010 to 2024.
As shown in (Figure 1), data mining with the Bibliometrix software revealed that these publications
span 270 journals, involve 2,358 authors, and encompass 1,353 keywords, contributing to the
construction of knowledge maps and collaboration networks in this field. The analysis found that
multi-center collaborations account for 14.5% of the publications, with an average citation frequency
of 1.335 per document, indicating an established scholarly community with notable interdisciplinary
characteristics in mechanobiology. However, institutional collaboration and academic influence still
have room for growth. This bibliometric analysis offers researchers valuable insights into the research
hotspots and emerging trends in the field, providing an essential reference for strategic decision-
making.
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3.2. Analysis of Annual Publishing Trends

A bibliometric analysis of publications from 2010 to 2024 with the keyword “Mechanobiology”
reveals two distinct development phases in this field: (Figure 2A) an initial stable period from 2010
to 2018 and a rapid growth period from 2019 to 2024. During the initial phase, annual publication
volume remained relatively steady, ranging between 10-20 articles per year, with a gradual increase
from 19 publications in 2010 to 35 in 2018. Entering the rapid growth phase, publication volume rose
significantly, reaching 44 articles in 2019 (a 25.71% year-over-year increase) and peaking at 102
articles in 2021-representing a 2.91-fold increase compared to 2018. Although publication volume
slightly declined in 2022 and 2023 (71 and 76 articles, respectively), it remained at a relatively high
level. However, citation analysis reveals a different trend: while citations increased from 2010 to 2012,
reaching a peak of approximately 55.56 citations per article in 2012, they then experienced a notable
decline.This decrease was particularly marked between 2018 and 2024, with citations dropping to
1.32 citations per article in 2023. This contrast between rising publication volume and declining

citation frequency reflects the field’s growing research interest, yet indicates that its academic impact

could benefit from further enhancement.

3.3. Three-Field Plot (Sankey Diagram)

Based on the bibliometric analysis of mechanobiology literature from 2010 to 2024, a three-field
plot (Sankey Diagram) visualizes the knowledge flow relationships among authors, affiliations, and
journal sources. As shown in the data in (Figure 2B), from the author dimension, the knowledge flow
at Columbia University is particularly obvious, highlighting the university’s strong attraction and
concentration for mechanobiology researchers. This suggests Columbia University’s pivotal role in
fostering and connecting academic networks within this field. This knowledge flow analysis
underscores the strategic importance of specific institutions in advancing the field and offers valuable
bibliometric insights for researchers in choosing potential collaborators and institutions. It enhances
our understanding of the  distribution of academic resources and the dynamic development
within the mechanobiology field.
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Figure 2. (A) Annual publication trends and average citations per year for literature related to
‘Mechanobiology” from 2010 to 2024. (B) A three-field Sankey diagram of relevant literature (AU—
AU_UN-S0).

3.4. Most Relevant Sources and Temporal Distribution of Journals

A bibliometric analysis of 669 core mechanobiology publications from 2010 to 2024 highlights
distinct characteristics in journal distribution within the field. As shown in (Figure 3A,B), in terms of
the number of publications, Frontiers in Bioengineering and Biotechnology ranked first with 19
articles, followed by Frontiers in Cell and Developmental Biology with 16 articles. APL
Bioengineering and Biomechanics and Modeling in Mechanobiology are tied for third, each with 15
articles. This distribution pattern reflects a balance between engineering-focused and biology-
focused journals, while the prominence of interdisciplinary journals underscores the collaborative
and multi-disciplinary nature of mechanobiology research.

Additionally, the continued interest of high-impact journals in mechanobiology research not
only provides researchers with clear publication targets but also highlights mechanobiology’s
potential for innovation and growth as an emerging interdisciplinary field. This analysis of journal
distribution serves as a valuable reference for identifying research frontiers and offers strong
bibliometric support for forecasting future directions in the field.

Figure 3. (A) Bar chart of sources for literature related to “‘Mechanobiology” from 2010 to 2024. (B)
Cumulative publication statistics by source for literature related to ‘Mechanobiology” from 2010 to
2024.

3.5. Most Relevant Authors and Authors’ Production Over Time

An analysis of author distribution from 2010 to 2024 in the mechanobiology field reveals a
community of 2,358 researchers, creating a substantial scholarly network. Among the 669 core
publications, 14.5% were international collaborative papers, indicating a strong trend of global
scientific cooperation (Figure 4A). Regarding prolific authors, A.G. Papavassiliou leads with 8
research articles, followed by ]J. Fu with 7 publications, and A. Gefen with 6 articles (Figure 4B). This
author distribution pattern not only highlights key figures in mechanobiology but also establishes a
knowledge dissemination network centered around high-output scholars. These core authors serve
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as crucial connectors within the field, reflecting its academic influence structure and facilitating
international collaboration, which is instrumental for sustained innovation.

Further analysis of global publication frequency from 2010 to 2024 (Figure 4C) shows a typical
Lotka’s Law distribution, though with distinct characteristics in mechanobiology. The frequency of
single-authored publications (n=1) reaches 0.8668, significantly higher than the theoretical
expectation of 0.6494, illustrating a pronounced “long-tail effect” in this field. Among prolific authors,
A.G. Papavassiliou leads with 8 publications, followed by other influential authors such as J. Fu, S.
Gabriele, A.N. Gargalionis, A. Gefen, F. Guilak, C.T. Lim, K.A. Papavassiliou, and C.A. Simmons,
who each have produced between 5 and 7 papers. This “pyramid-shaped” distribution of author
output validates the applicability of Lotka’s Law within mechanobiology and underscores the core
authors’ leadership role. Through consistent scholarly contributions, these researchers provide
critical intellectual support, fostering theoretical innovation and practical advancement within the
field.
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Figure 4. (A)Institutional publication rankings in the field of ‘"Mechanobiology’ from January 2010 to
May 2024. (B) Publication volume by authors in the field across different years. (C) Evaluation of
author productivity using Lotka’s Law.

3.6. Institutional Distribution

The bibliometric analysis of mechanobiology from 2010 to 2024 indicates participation by 2,358
independent researchers, with 14.5% of publications involving international collaboration,
emphasizing the field’s cross-national cooperation. As shown in (Figure 5A) , from an institutional
perspective, the University of California ranked first with 41 publications, highlighting its leadership
in the field of mechanobiology. It is followed by the University of Michigan with 29 publications and
the University of Pennsylvania with 27 publications. These top research universities not only excel in
publication volume but also play crucial roles in advancing the field and building a global academic
network. This distribution highlights the spatial distribution of research hubs and reveals the
significant contributions of high-impact institutions to the field’s growth.
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Figure 5. Multi-dimensional Data Visualization Analysis: Trends, Distribution and Composition. (A)
Institutional publication rankings in the relevant field. (B) Temporal publication output of research
institutions in the field. (C) Publication rankings by country of corresponding authors and the
proportion of international collaborations. (D) Scientific output by country in the relevant field. (E)
Temporal publication output and citation rankings by country in the relevant field. (F) Ranking of the

most cited countries.

3.7. Institutional Output Over Time

Examining the publication trends of the top ten research institutions from 2010 to 2024, there is
a notable upward trajectory. As shown in (Figure 5B), 2016 marked a turning point, after which the
annual publication rates of these institutions soared, reflecting the increase in research
interest.Particularly noteworthy is the University of California, which increased its output to 41
publications by 2024, a 2.56-fold increase from 2016. This remarkable growth underscores the
university’s sustained investment and leadership in mechanobiology. The upward trend among top
institutions suggests two core trends: the deepening research themes within mechanobiology and

strategic investments by world-class institutions.

3.8. Corresponding Authors’ Country Distribution

As shown in (Figure 5C), from 2010 to 2024, corresponding authors in the field of
mechanobiology came from 38 countries or regions, and 14.5% of the papers involved international
collaboration. Analyzing publication volume by country, the United States leads with 168 papers,
comprising 151 single-country publications (SCP) and 17 multi-country publications (MCP).
Australia and China tie for second with 29 papers each, with Australia’s SCP and MCP at 16 and 13,
respectively, and China’s at 23 and 6. France follows with 24 publications (18 SCP and 7 MCP).
Notably, the U.S. has a high SCP ratio of 43.6%, reflecting a strong tendency toward independent
research, while Australia and China’s SCP ratios of 0.046% and 0.07% indicate a greater inclination

for international collaborations.

3.9. Authors’ Country Distribution

The 2010-2024 period shows a clear regional concentration of mechanobiology research output.
As shown in (Figure 5D) , the United States dominates with 446 publications (40.92%), far exceeding
other countries. Australia and China are second and third, with 78 (7.16%) and 75 (6.88%)
publications, respectively. This distribution not only highlights the U.S.’s leadership but also the rise
of Australia and China as emerging research powers in mechanobiology.
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3.10. Evolution of National Output Over Time

As shown in (Figure 5E), from 2010 to 2024, global mechanobiology research output showed
significant dynamic growth, with 2015 being a key turning point. Since then, the leading countries
have demonstrated accelerated publication rates. The United States maintains a commanding lead
with a cumulative 2,507 publications, while Australia follows with 420. In terms of impact, the citation
performance of these countries mirrors their publication volume rankings, with the United States
achieving the highest cumulative citations (1,545) and Italy ranking second with 665 citations. These
metrics reflect not only the U.S.’s output advantage but also its central influence in advancing
mechanobiology.

3.11. Most Cited Countries

As shown in (Figure 5F), the United States holds the top position in citation volume for
mechanobiology research, significantly ahead of other countries. Italy, followed by France,
Switzerland, and the Netherlands, also make notable contributions, indicating the influential role of
these European countries in the field. China and Australia are emerging as impactful contributors,
reflecting their increasing investment and involvement in mechanobiology research. In contrast,
Colombia, Germany, and Singapore have relatively lower citation volumes, suggesting potential
opportunities for these countries to enhance their impact through focused collaborations and
specialization within niche areas. Overall, this data underscores the interdisciplinary and
international nature of mechanobiology, with future progress likely driven by enhanced global
cooperation.

3.12. Analysis of Highly Cited Publications Worldwide

Based on a bibliometric analysis of the mechanobiology field from 2010 to 2024, several research
contributions have demonstrated significant academic impact. As shown in (Figure 6) , Panciera
Tito’s (2017) seminal work ranks first with 504 citations, highlighting its fundamental contribution to
the field. Ladoux Benoit (2017) follows with 208 citations, underscoring the theoretical innovation
and importance of this research. In third place, the study by Swarta Melody A (2012) has garnered
205 citations, indicating its enduring influence on the advancement of the discipline.

The citation distribution of these highly cited papers reveals several important characteristics.
First, the notable differences in citation frequency indicate a clear hierarchy of influence among
research outcomes. Second, the publication period spanning from 2012 to 2017 reflects the sustained
academic value of these works. Finally, the concentration of highly cited papers points to
breakthrough developments within specific research areas in mechanobiology. These high-impact
publications have not only provided a crucial theoretical foundation and methodological reference
for subsequent studies but have also significantly shaped the research paradigms and development
directions of the field.

PANCIERA TITO, 2017,

LADOUX BENOIT, 2017,

SWARTZ MELODY A, 2012.

EYCKMANS JEROEN, 2011,

PALCHESKO RACHELLE N, 2012,

INGBER DONALD E. 2013,

ANANTHANARAYANAN BADRIPRASAD, 2011

TYLER WILLIAM J, 2012.

OFTADEH RAMIN, 2014,

YANG MICHAEL T, 2011

Figure 6. Citation rankings of literature related to ‘Mechanobiology” from 2010 to 2024.
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3.13. Keyword Distribution Analysis

Based on an analysis of author keywords in the mechanobiology literature, the top 50 most
frequently appearing keywords are visualized through a word cloud (Figure 7A) and a dendrogram
(Figure 7B), illustrating the thematic distribution in this fieldAs shown in (Figure 7C) , the analysis
showed that “mechanobiology” appeared 174 times, dominating the keyword landscape, followed
by “mechanotransduction” (83 times) and “extracellular matrix” (22 times), the second and third
most common keywords, respectively. Observed over time, “Mechanobiology” has consistently
appeared frequently since 2010, underscoring its central role in the field’s development. This
keyword distribution pattern not only reflects current research focuses but also provides a valuable
quantitative basis for tracking the evolution of this discipline.
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Figure 7. (A) Word cloud displaying the top 50 most frequent keywords in the relevant literature. (B)
Treemap visualization of keyword frequency. (C) Bar chart showing changes in word frequency (Most
Frequent Words). (D) Temporal variation of keyword frequency in the relevant literature. (E)
Research theme trends in the relevant field.

3.14. Temporal Evolution of Keywords

A bibliometric analysis from January 2010 to October 2024 highlights the dynamic progression
of mechanobiology research. The data (Figure 7D) show that “Mechanobiology” as a core concept
began receiving significant attention starting in 2013. The year 2019 marked a pivotal point, with
accelerated growth in the wusage frequency of core terms “Mechanobiology” and
“Mechanotransduction.” By 2024, the cumulative occurrences of these terms reached 174 and 83,
respectively. This upward trend not only reflects the vigorous expansion of mechanobiology research
but also underscores its rising academic prominence within life sciences.

3.15. Comprehensive Analysis of Research Trends

According to information spanning from 2010, to 2024 the field of mechanobiology research has
seen a shift from principles to practical applications over time. As depicted in (Figure 7E) used terms
such, as “mechanobiology “ and “mechanotransduction “ suggest that studies have mainly centered
on investigating how physical forces influence activities and communication pathways which serve
as the foundation of this area of study. On the hand the appearance of terms, like “Cancer,”
“Metastasis,” and “Fibrosis” shows the application of this field in investigating illnesses indicating
researchers dedication to understanding how mechanical signals play a role in disease situations and
unveiling fresh perspectives for treatments. Furthermore the extensive adoption of resources and
materials, like hydrogels, microfluidics and atomic force microscopy proves that cross disciplinary
technologies are hastening advancements in mechanobiology. In the direction of mechanobiology
research should encompass a profound exploration of mechanical signals associated with diseases
while also concentrating on the advancement of novel materials and their impact, on stem cell
development processes as well as fostering interdisciplinary partnerships to facilitate the transition,
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from fundamental research to practical clinical implementations that could potentially lead to
groundbreaking advancements in the fields of biomedical and regenerative medicine.

3.16. Coupling and Clustering Analysis of Research Themes

As shown in (Figure 8A), the Time Evolution Map illustrates the evolution of research themes
over time within the mechanobiology field. The horizontal distribution represents the timeline, with
nodes of different colors indicating research hotspots or keywords that emerged during specific
periods. This visualization aids in understanding the dynamic development of the field’s knowledge
structure, revealing the progression of research themes and the emergence sequence of new
directions.

Figure 8B presents a complex Co-citation Network, displaying citation relationships and
academic influence across the literature. In this network, each node represents an individual paper,
with node size possibly reflecting citation frequency, while the connections between nodes indicate
co-citation relationships. Different color clusters represent distinct subfields or thematic communities.
Dense central areas highlight core literature clusters within the field, while peripheral branches
depict the development of various subfields. This network structure provides a clear depiction of the
knowledge map and academic community structure within mechanobiology.

Comprehensive analysis reveals that mechanobiology, as a rapidly developing interdisciplinary
field, has established several stable research communities, characterized by distinct thematic
trajectories and a tightly knit citation network. The Time Evolution Map uncovers the field’s
development history and innovation pathways, while the Co-citation Network demonstrates the
distribution of academic influence and the knowledge dissemination patterns. This multidimensional
bibliometric analysis offers valuable insights into the current state of research, helps identify focal
points, and provides a reference for predicting future trends within the field.

A B

Figure 8. Bibliographic coupling clustering of literature in the field of ‘"Mechanobiology’ from 2010 to
2024. (A) the Time Evolution Map illustrates the evolution of research themes over time within the
mechanobiology field. (B) presents a complex Co-citation Network, displaying citation relationships
and academic influence across the literature.

3.17. Multidimensional Knowledge Structure Analysis in Mechanobiology

Based on bibliometric analysis of the mechanobiology field from January 2010 to October 2024,
this study systematically reveals the knowledge structure of the field through multiple dimensions,
including a keyword co-occurrence network (Figure 9A,B), thematic spatial distribution (Figure 9C) ,
knowledge flow network (Figure 9D,E), and cross-disciplinary characteristics (Figure 9F). The
findings indicate that the keyword co-occurrence network exhibits a typical power-law distribution,
reflecting the formation of core concept clusters. The quadrant distribution in the thematic map
clearly displays a strategic layout of various research themes categorized as hot, foundational,
peripheral, and niche topics. Large-scale network visualizations and Sankey diagrams reveal the
dynamic features and evolutionary pathways of knowledge flow, while factor analysis further
highlights the deep interdisciplinary integration within this field. This multidimensional bibliometric
analysis not only systematically presents the knowledge architecture and evolutionary patterns in
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mechanobiology but also provides essential quantitative insights for understanding research
frontiers and forecasting future trends. This analysis offers valuable guidance for comprehending the
field’s development dynamics and formulating strategic research directions.
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Figure 9. Mechanobiology Multidimensional Knowledge Structure Analysis. (A) Typical power-law
distribution characteristics. (B) Co-occurrence network of keywords exhibiting typical power-law
distribution characteristics. (C) A thematic map of the field of “Mechanobiology” and the evolution
of research topics over time. (D) Network visualization. (E) Sankey diagram clearly illustrating the
dynamic knowledge flow between different research themes. (F) Factor analysis in the relevant field.

3.18. Revealing Relationships Between Documents and Authors in the Field

Based on co-citation network analysis of mechanobiology literature from 2010 to 2024, the results
reveal significant knowledge structure characteristics within this field. The degree distribution of
nodes shown in (Figurel0A) indicates a typical power-law distribution in co-citation relationships,
underscoring the critical role of a few core documents in knowledge dissemination. These core works
not only have high citation frequency within the field but also play a pivotal role in linking different
themes and facilitating knowledge diffusion.

The network visualization in (Figure 10B), featuring clusters of nodes, distinguishes multiple
sub-themes within mechanobiology research through color-coded clusters, showing differentiation
and interrelations among them. The strength of connections between nodes represents the knowledge
flow between different research topics, reflecting the pathways of knowledge transfer and the degree
of thematic association within the field. The existence of these clusters suggests that mechanobiology
encompasses multiple highly related research directions and shows trends of cross-disciplinary
collaborative research.

Furthermore, the heat map in (Figure 10C) highlights the temporal and spatial evolution of co-
citation relationships among key literature. High-intensity deep red regions, along with specific year
markers (e.g., 2014), display the temporal distribution patterns of influential research contributions,
emphasizing the accumulation and developmental trajectory of seminal works within the field. These
heat-intensive areas help identify trending themes and their evolution over time, outlining the
knowledge development trajectory of mechanobiology.

In sum, this multidimensional bibliometric analysis not only uncovers the knowledge system
and organizational structure of mechanobiology but also provides valuable quantitative insights into
its evolutionary patterns and future trends. This analysis serves as a scientific reference for
researchers seeking a comprehensive understanding of the field’s knowledge framework and
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identifying emerging frontiers, aiding further innovation and interdisciplinary integration in
mechanobiology.
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Figure 10. The co-citation network analysis of the literature in the field of mechanobiology is
presented collectively. (A) shows the degree distribution of nodes (papers) in the co-citation network.
Node degree indicates the number of co-citation relationships a paper shares with others. This
distribution exhibits a “long-tail” characteristic, indicating that most papers have co-citation
relationships with only a few others, while a few core papers have dense co-citation connections with
many others. (B) is a visualization of the co-citation network. Nodes in different colors represent
research topics or groups, and the thickness of the connecting lines indicates the strength of
associations between these topics/groups. The network reveals a clear clustering structure, with
closely related papers forming groups, suggesting that multiple relatively independent research
directions and academic communities exist within the field of mechanobiology. (C) displays the
distribution of research topics in the form of a heatmap. Hotspot areas represent high-interest research
directions, such as cellular mechanics and tissue engineering, while peripheral areas indicate less
popular topics.

3.19. Collaboration Network

This study delves into the multidimensional characteristics of academic collaboration networks
from a bibliometric perspective. Node degree distribution analysis (Figurel1A) reveals a significant
“Matthew Effect” in collaborative relationships: a small number of core scholars connect a large
network of researchers through extensive collaborations, while the majority have relatively limited
collaborative reach. This distribution pattern not only aligns with the general trend in scientific
collaboration networks but also highlights the critical role of core scholars in knowledge
dissemination and in building academic influence.

The microstructure of author collaboration groups (Figurel1B) shows distinct research teams or
academic groups through color-coded nodes. The formation of these groups stems primarily from
three factors: shared research interests, institutional affiliation, and geographic proximity. These
intra-group networks form distinctive research communities, underscoring the active collaboration
among different research teams within the field.

The heat map (Figure 11C) visually represents the influence distribution of prolific and core
authors. High-intensity regions indicate both the substantial academic impact of these researchers
and the dense networks they establish, underscoring their central role in advancing the field and
fostering collaboration. The presence of these core authors significantly enhances the efficiency of
knowledge dissemination and encourages broader academic collaboration.

On a macro level, the geographic distribution of the international collaboration network (Figure
11D) illustrates a dynamic landscape of global academic exchange. The density of connecting lines
reflects the strength of cross-national collaborations, with North American, European, and Asian
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research institutions forming robust collaborative ties, highlighting the globalization of research
within this field. In terms of key research themes, academic institutions from various regions have
significantly improved resource-sharing efficiency and innovation capacity through deep
collaboration.

In summary, this multilayered collaboration network structure not only reflects the
internationalization of contemporary academic research but also reveals hierarchical and regional
characteristics in scientific collaboration. The findings suggest that cross-national collaboration and
the “core scholar effect” play a pivotal role in advancing cutting-edge fields like mechanobiology,
providing a strong empirical basis for future interdisciplinary partnerships. These insights hold
significant implications for understanding and optimizing global scientific collaboration models.

A B
Node Degrees
. papavassm%zaa"sg g
ém LY ? -
. Ayt
v 0 0 2 A 0 ) - m e ﬁ
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R __.“

Figure 11. Collaborative Network. (A) Node degree distribution diagram. It shows the degree

distribution of each node in the network.(B)Scatter plot. It shows the connection relationship between
nodes in the network. Each point represents a node, and the position and color of the point represent
the properties of the node. (C) Heat map. It uses hot spots of different colors to indicate the
distribution density of data, and is usually used to show spatial distribution or correlation, etc. (D)
World map. It shows the distribution of network nodes in geographical locations, and uses lines to
indicate the relationship between nodes.

4. Recommended Literature

4.1. High-impact Literature

Based on the data in (Table 1), this study analyzed 10 high-impact publications in the field of
mechanobiology from 2010 to 2024. These publications are primarily featured in top-tier journals with
high impact factors, such as Nature Reviews Molecular Cell Biology, Nature Reviews Materials,
Nature Reviews Cancer, and Cell, with impact factors ranging from 45.5 to 81.3. Citation counts for
these articles vary widely, from zero to 504 citations, reflecting the varying levels of attention these
works have received within the research community.

The analysis indicates that highly cited articles tend to focus on widely applicable or forward-
looking research themes, such as mechanobiology in cellular behavior, mechanisms involving YAP
and TAZ, and the mechanobiology of the tumor microenvironment. These articles not only advance
foundational research in mechanobiology but also highlight potential applications in disease
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treatment, which has garnered them significant attention and higher citation rates. Some of the most
recent publications have not yet accumulated high citation counts, suggesting that their impact may
emerge more prominently over time.

The research topics covered in these influential articles are diverse, ranging from the mechanical
roles of single-protein elasticity to mechanobiology in tumor growth and cancer cachexia, as well as
the mechanical properties of protein droplets[23-25]. This diversity reflects the wide scope and depth
of research themes within the field of mechanobiology. Drawing on global “mechanobiology”
literature data from January 2010 to October 2024 and using impact factor criteria, 10 recommended
articles are listed in Table 1.

Table 1. High-scoring articles.

Title of Article Release Journals Impact Citatio Title of
Date Factor ns Article
Mechanobiology by the NATURE
numbers: a close relationship 2017/11/3 REVIEWS 81.3 18 [26]
between biology and physics. MOLECULA
R CELL
BIOLOGY
Mechanobiology of collective NATURE
cell behaviours. 2017/11/9 REVIEWS 81.3 488 [27]
MOLECULA
R CELL
BIOLOGY
Mechanobiology of YAP and NATURE
TAZ in physiology and disease. ~ 2017/9/28 REVIEWS 81.3 504 [28]
MOLECULA
R CELL
BIOLOGY
The role of single protein NATURE
elasticity in mechanobiology. 2023/7/20 REVIEWS 79.8 16 [29]
MATERIAL
S
Lymphatic and interstitial flow NATURE
in the tumour 2012/2/25  REVIEWS 72.5 411 [30]
microenvironment: linking CANCER
mechanobiology with
immunity.
Exploiting the tumor ANNALS
microenvironment and tumor  2024/7/25 OF 56.7 0 [31]
mechanobiology for the ONCOLOG
treatment of cancer cachexia. Y
Mechanobiology of Tumor CHEMICAL
Growth. 2018/6/22 REVIEWS 51.4 28 [32]
Mechanobiology: A measure of  2017/4/14 NATURE 50.5 5 [33]

molecular muscle.
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NATURE
2023/7/18 REVIEWS 50.1 11 [34]
Engineered hydrogels for METHODS
mechanobiology. PRIMERS
Mechanobiology of Protein
Droplets: Force Arises from 2018/12/1 CELL 45.5 6 [35]

Disorder.

4.2. Highly Cited Literature

The highly cited articles listed in the data table reveal that foundational publications in
mechanobiology have appeared in several high-impact journals (Table 2), including Nature Reviews
Molecular Cell Biology, Nature Reviews Cancer, and Developmental Cell. These journals have
impact factors ranging from 10.7 to 81.3, and the most highly cited publication has been referenced
up to 504 times, underscoring its substantial influence in the mechanobiology research field.

The themes of these frequently cited papers encompass a range of topics such as cellular
behavior, the tumor microenvironment, YAP/TAZ regulatory mechanisms, and applications of
mechanobiology in brain function. This diversity highlights the central role of mechanobiology in
various biological and medical research areas. Notably, the most cited paper, “Mechanobiology of
YAP and TAZ in physiology and disease,” focuses on the role of YAP and TAZ in physiological and
pathological contexts[36]. Its high citation count reflects its importance in advancing our
understanding of cellular mechanics regulation.

Additionally, other foundational studies on materials and techniques have also garnered
significant attention. For instance, a widely cited article on the development of polydimethylsiloxane
(PDMS) substrates with tunable elastic moduli for studying cell mechanics in muscle and nerve
Tissues—"Development of polydimethylsiloxane substrates with tunable elastic modulus to study
cell mechanobiology in muscle and  nerve”—provides a critical experimental tool for
mechanobiology research[37]. Such studies have enabled researchers to explore cellular responses to
mechanical environments with greater precision. Overall, these highly cited publications illustrate
the diversity and impact of mechanobiology research across various biomedicine fields, as well as its
foundational contributions to both theoretical understanding and practical applications in
experimental biology.

Table 2. Highly Cited Literature.

Release Impact Citatio Title of
Title of Article Journals
Date Factor ns Article
NATURE
REVIEWS
Mechanobiology of YAP and
2017/9/28 MOLECULAR 81.3 504 [38]
TAZ in physiology and disease.
CELL
BIOLOGY
NATURE
REVIEWS
Mechanobiology of collective
2017/11/9 MOLECULAR 81.3 208 [27]
cell behaviours.
CELL

BIOLOGY
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Lymphatic and interstitial flow

NATURE
in the tumour microenvironment:
2012/2/25 REVIEWS 72.5 205 [30]
linking mechanobiology with
CANCER
immunity.
A hitchhikers guide to DEVELOPME
2011/7/19 10.7 201 [39]
mechanobiology. NTAL CELL
Development of
polydimethylsiloxane substrates
2012/12/1
with tunable elastic modulus to 5 PLOS ONE 2.9 164 [40]
study cell mechanobiology in
muscle and nerve.
ANNUAL
REVIEW OF
Mechanobiology and CELL AND
2013/10/9 11.4 146 [41]
developmental control. DEVELOPME
NTAL
BIOLOGY
Elucidating the mechanobiology
of malignant brain tumors using
BIOMATERI
a brain matrix-mimetic 2011/8/9 ALS 12.8 137 [42]
hyaluronic acid hydrogel
platform.
NATURE
The mechanobiology of brain 2014/11/2 REVIEWS
28.7 130 [43]
function. 1 NEUROSCIE
NCE
JOURNAL OF
Biomechanics and BIOMECHA
2014/11/2
mechanobiology of trabecular 1 NICAL 1.7 117 [44]
bone: a review. ENGINEERIN
G
Assaying stem cell
mechanobiology on
NATURE
microfabricated elastomeric 2011/2/5 13.1 115 [45]
PROTOCOLS

substrates with geometrically

modulated rigidity.

5. Discussion

This research employed analysis to uncover the evolving patterns and popular research areas,
in mechanobiology between 2010 and 2024. Insights reveal an expansion, in this domain during the
last ten years distinguished at the junction of biomechanics and regenerative medicine[46,47].
Highlighted keyword examination revealed “cell mechanics,” “mechanotransduction,” and “tissue
regeneration” as points of investigation. The growing trend highlights how mechanobiology is
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closely linked with biomechanics and materials science, in the field of medicine. Emphasizing the
role that mechanical microenvironments play in influencing cell behavior and tissue function[48-51].

The collaborative network analysis highlights a shift from early single-institution research to a
broader international collaboration network, laying a strong foundation for technology sharing and
interdisciplinary innovation within the field. However, limitations remain. For example, the
concentration of research outputs in developed regions such as North America and Europe reveals
an uneven geographical distribution of resources, potentially narrowing the diversity of perspectives.
Encouraging greater participation and exchange with developing countries could broaden research
perspectives and foster a more inclusive scientific community.

Furthermore, with advancements in single-cell analysis and 3D bioprinting, future research
should focus on more detailed analysis of the cellular microenvironment and dynamic mechanical
behaviors[52,53]. This would help reveal the precise roles of mechanical forces in both physiological
and pathological cellular processes.

6. Conclusions

In summary, this study’s bibliometric analysis comprehensively highlights the research trends
and development characteristics of mechanobiology, including publication volume, keyword
distribution, and collaboration networks. Results indicate that the role of biomechanics in regulating
cell function and tissue regeneration has received widespread attention, with interdisciplinary
collaboration driving significant advancements in the field. These findings not only provide valuable
data support for academic research within the field but also offer guidance for future research
directions and academic collaborations. Moving forward, mechanobiology research should focus on
understanding the mechanisms by which mechanical microenvironments regulate cell behavior,
leveraging innovative techniques to deepen insights into the biological effects of
mechanotransduction.
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