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ABSTRACT

The aim of this bibliometric analysis is to investigate the global scientific crash report on orthopaedic
biomaterials from 2010 to 2025, with emphasis on their significant contribution for Sustainable Development Goal
3 (Good Health and Well-being). The analysis is based on 3,322 documents identified in the Scopus database, and
publication productivity, collaborative networks and emerging thematic clusters are mapped using VOSviewer.
Results The number of publications and their contribution in this subspecialty are increasing enormously, mainly
from China, the US and India, but also from European countries. Four research directions were most identified:
medical applications of biomaterials, bone tissue engineering, cellular and animal studies, and antibacterial
nanomaterials. General keywords such as biocompatibility, tissue engineering, and 3D printing emphasize the
trend toward personalized implants, new regenerative strategies, and improved implant life span. The review also
highlights underexplored fields including drug delivery systems, angiogenesis, and corrosion resistance, which
shows valuable leads for upcoming studies. The multidisciplinary nature of the field that delves into not only
materials science and engineering but also into biology and clinical medicine necessarily calls for global
collaboration and ingenuity to create sustainable, effective and accessible orthopaedic solutions. This analysis
presents as a strategic reference point that can inform subsequent science and policy related to the improvement
of musculoskeletal health internationally.

Keywords : Bibliometric Analysis; Orthopaedic Biomaterials; Sustainable Development Goals;
Biocompatibility; Tissue Engineering.
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I. INTRODUCTION

Biomaterials are materials, either synthetic or natural, created to interact with biological systems for medical
purposes, especially in implants. In orthopaedics, they help restore movement and improve the quality of life for
patients with conditions like degenerative diseases, injuries, and age-related issues. As people live longer, the need
for joint replacements is expected to double in the U.S. from 2014 to 2030 [1], [2], [3]. This growing demand
highlights the need for effective biomaterials that integrate well with the body to aid recovery.

Submitted: 02-09-2025 Accepted: 30-10-2025 Published: 31-10-2025
Pillar of Physics, page. | 81



Syafri, et al

Biomaterials play a crucial role in tissue healing and osseointegration, which is how implants attach to bones.
Advances in materials science have led to stronger and biocompatible materials like titanium and cobalt-chromium
alloys [4], [5], while ceramics and bioactive glasses help in bone growth and healing [6], [7]. Recent developments
in nanotechnology have improved these materials by influencing cell behavior and reducing the risk of infections
around implants [8], [9]. 3D printing technology allows for customized biomaterials that fit patients' specific needs,
enhancing surgical results [10], [11]. The use of biomaterials in orthopaedics positively affects patients' lives by
lowering complications, reducing the need for repeat surgeries, and helping patients regain mobility more quickly
after surgery [12], [13], [14].

Research involving biomaterials in orthopaedics has been extensively progressing due to the development of
multiple materials and technologies. Both materials have their own special properties that meet certain orthopaedic
surgical needs, such as joint replacement, fracture fixation and tissue engineering [15], [16], [17].
Biocompatibility, mechanical strength, and bioactivity of these materials are the main objects of attention of a vast
research effort. Integration of nanotechnology is of particular interest, owing to the fact that nanomaterials are
capable of modulating cellular responses and mechanical properties, hence are suitable for implant candidates [18],
[19], [20].

Moreover, the increasing use of 3D printing makes the manufacturing of customized implants (customizing
implants to each patient's need) with complex shapes possible resulting in better surgical outcomes by
incorporating patient-specific anatomical information [21], [22], [23]. Current studies are exploring the possibility
of applying scaffold structures generated by 3D printing as templates for tissue regeneration [24], [25], [26]. As
such, there are many studies regarding how such smart biomaterials can maximize repair of both osseous and soft
tissue injuries [16], [18], [19].

Yet, in the area of biomaterials research there is a high degree of splintering across a wide range of journals,
scientific disciplines and geographical regions. Future research should develop more comprehensive integrative
platforms, pathways detailing the cooperation between the global researchers for innovation and better clinical
application. Bringing the knowledge from various fields, such as materials science and biomedical engineering
into a unique combined understanding of biomaterials and how they are used in clinics is needed to progress
together [16], [22], [27].

The abundance in quantity and multidisciplinary of publications reflects a knowledge gap, namely the
synthesis of worldwide research trends and international collaboration. Many works emphasize the need for
bibliometric studies to map scientific landscapes, to reveal the prevalent themes in a certain field, and to reveal the
collaboration networks as these are the research directions that would guide the research community to new
research directions [28], [29], [30]. Bibliometric information can help to consolidate fragmented knowledge, and
to demonstrate new topics that need further attention, thus it can assist to develop an harmonized research agenda
[29], [31]. In addition, strategic funding opportunities for global collaborations have been recognized as a critical
way to improve the research productivity and policy making [32], [33]. The general conclusions drawn from
bibliometrics studies is that structured conceptual frameworks are needed to help navigate the multitude of twists
and turns involved in modern scholarly publication and to cope with the changes needed to disseminate knowledge
on a global scale in a networked world [31], [33], [34].

Bibliometric analysis is a quantitative methodology that uses information about documents published in
scientific literature to find out the intellectual structure, subject area, and topic. In collaboration with other methods
such as spatial analysis (GIS), visualization software like Gephi for example is able to process large-scale
bibliometric data. This process allows researchers to analyse publication productivity, influential works and
collaboration dynamics [35], [36], [37]. The Judgment of Citation data and publication volumes provides an insight
into the most active research topics. Hence it is a guide for the strategic decisions of researchers, clinicians and
policy-makers [38], [39], [40]. Again, bibliometric tools like Cite-Space and VOSviewer make what otherwise
would be reams of data into a picture form, aiding understanding of the underlying structure and future
development direction [41], [42]. In sum, bibliometric analysis is very meaningful for detecting research hotspots,
knowing the output of academic products in any given field and laying a foundation to fix research directions
across disciplines [43], [44].

Although there is insufficient evidence that critics are concerned about the issue, systematic bibliometric
reviews are urgentlyneeded for research into biomaterials for orthopaedics. For serious researchers in the field, the
aim of this article is to achieve an all-around view of the situation and discover what contemporary topics are being
hotly pursued or are likely to figure prominently in future work beyond national borders; its results will serve our
projects on both interdisciplinary and intercontinental levels [16], [45], [46]. The usefulness of this review stretches
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to guiding innovation in the creation of high-performance biomaterials necessitated by rising demands among
patients for orthopedic interventions that no existing methods can meet [4].

By tying together examples from classical scientific literature and cutting edge research, systematic
bibliometric strategies will shed light on changes in focus and contributions in biomaterials research. This
information can be a guide for stakeholders in the future directions orthopaedic medicine needs, to create
opportunities for cooperative ventures Identifying these shifts not only provides a springboard for building on
existing knowledge but also opens up new fields (e.g. infrastructure-related research) which could transform
patient outcomes in musculoskeletal health [18], [47], [48].

Based on the above description, this article aims is to offer a bibliometric analysis of the application of
biomaterials in the field of orthopedics. The literature analyzed was collected from the Scopus database and limited
to publication in the period 2010-2025, also included types of Articles, Reviews and Book Chapters, Conference
Papers, Books, Conference Reviews. This study, which is money-oriented, invites the reader to give tit-for-tat aids
in various aspects of scientific productivity and its contribution. Subjects covered in this comprehensive paper
include data on top-ranked countries and institutions alike, major categories, core journals, comes up new areas to
explore research questions that all editor must answer. The findings of this bibliometric analysis are expected to
answer several research questions, which can be stated generally as follows:

1. What are the publication trends in scientific literature that Pertain to Biomaterial Applications for Orthopedic
Surgery?

2. By what quantity-do countries and facilities contribute their resources to this field of research?

3. Whose works are the most numerous published or forthcoming research on materials relevant for orthopaedic
surgery--if taken across such a wide range?

4. What is the relationship or non-relationship between publication type, scientific discipline and biomaterial
applications in orthopedic surgery?

5. What can bibliometric mapping tell us with regard to the main current research directions of biomaterials for
knee replacement surgery?

II. METHOD

This paper uses bibliometric methods based on publication databases to map the scientific field in a structured
manner. The mapping process consists of five main stages: 1) Research design, 2) Bibliometric data collection, 3)
Analysis, 4) Visualization, 5) Interpretation [49], [50]. The data set consists of articles indexed in scopus that have
been collected in scopus. com. The database search was with title, abstract, and keyword filters from 2010 to 28
August 2025. The major search term used was: "application of biomaterials in orthopaedics™. The search results
were filtered by document types including “Articles”, “Reviews”, “Book Chapters”, “Conference Papers”,
“Books”, and "Conference Reviews". The data was downloaded in Comma Separated Values format (CSV) and
Research Information Systems (RIS) format also and analyzed by VOSviewer version 1.6.20 [51].

A first search by the keyword “application of biomaterials in orthopaedics” found 3322 documents. CSV-
formatted data were downloaded and imported to the VOSviewer software. The lowest keyword occurrence
threshold was set at 75 so that a first bibliometric map for the orthopaedics research of the application of
biomaterials could be set up by 233 items and 4 clusters. There was a considerable overlap of some items; for
instance, like the similar or synonymous terms from item(s) that were combined into the same key words category..

In the second phase a thesaurus file organising similar terms under each class is developed as presented in Table
1. A total of 38 terms were expanded according to their semantic relationships. With the same CSV data as well
as with the newly created thesaurus file the last bibliometric map was produced (and again applying a minimum
occurrence scale of 75). This yielded 198 items falling within four dimensions. Non-relevant items to bibliometric
research (e.g. article; defects; procedures; review) are also removed.

Table 1. Labels assigned to items with equivalent substitute vocabulary

No Label Replace By No Label Replace By
1 additive manufacturing additives 20  human humans

2 alloy alloys 21 hydrogel hydrogels

3 implant implants 22 polyester polyesters

4 implants (surgical) implants 23 polymer polymers

5 magnesium alloys magnesium 24 scaffolds (biology) scafofolds
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6 mechanical mechan_lcal 25 th?eeA dimensional 3d printing
properties printing

7 mechanical stress mechan_lcal 26 tissues engineerings tissue engineering
properties

8 mechanics mechaglcal 27  tissue scaffold tissue scaffolds
properties

9 orthopaedic application orthopaedics 28 animal animals

10 orthopaedic implant orthopaedics 29  cells, cultured cells

11 orthopaedic applications orthopaedics 30  xray diffraction x-ray diffraction

- . printing, three- o

12 orthopaedic implants orthopaedic 31 dimensional 3d printing

13 surface treatment surfgce . 32 thyeel dimensional 3d printing
modification printing

14 titanium alloys titanium 33 in vitro study in-vitro

15  zinc alloys zinc 34 invivo study in-vivo

16 3d printers 3d printing 35 mesenchymal stem cell Iclécltls:nchymal stem

17 bone and bones bone 36 osteoblast osteoblasts

. calcium . .
18  calcium phosphate phosphates 37  nanocomposite nanocomposites
. drug delivery .
19 drug delivery systems 38 surface property surface properties

III. RESULTS AND DISCUSSION
3.1. Author Performance Analysis
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Fig 1. Total Publications by the Top 10 Authors

Figure 1 displays the total number of publications by the top 10 most prolific authors in the field of orthopaedic
biomaterials from 2010 to 2025. Wen, C. is by far the outstanding novel author with this data set--about 30
publications. Li, Y. and Webster, T.J. around 29 publications. Zheng, Y. is at number four with well over 23
articles out- Boccaccini, A.R around 21 publications. Chu, P.K and Zadpoor, A.A both contributed almost 20
publications. All of the other authors- Chatterjee, K., Liu, X., Bose, S.-wrote around 15 to 20 papers.

The prominence of Wen, C., Li, Y., and Webster, T.J. indicates their major impact on shaping the structure of
biomaterials research in orthopaedics. Their high article output shows not only that they are continuously active
researchers but also the leading position taken by them as far ahead in promoting material innovation for
orthopaedic applications, whether metallic biomaterials or ceramics, surface modifications is concerned. You may
tell how solid Boccaccini, A.R. and Chu, P.K.'s work is in such areas as bioaetive glasses, nanomaterials, and
biomaterial surface engineering. The diversity among the top authors, representing various regions and research
groups, highlights the global and collaborative nature of this field. The inclusion of both established and emerging
authors suggests a dynamic research environment conducive to innovation.

Pillar of Physics, page. | 84



Syafri, et al

3.2. Country Performance Analysis
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Fig 2. Number of documents produced by the top 10 countries/territories

Figure 2 illustrates the publication of the top 10 most prolific countries in the field of biomaterials for
orthopaedics, 2010-2025. China is the top country by number of articles (about 780), followed by United States
(about 560) and India (about 520). UK, Italy and Germany are the white area with 150-200 documents all in
random order. Other countries like Australia, Brazil, Iran, and France provide between 80 and 150 papers each.
The data also underlines the status of China, which has invested heavily in biomedical research as well as
strategically in the area of orthopaedic biomaterials. The United States and India track closely, indicating that both
developed economies as well as emerging ones are actively contributing in the progress of this front. The portrayal
of the four European countries — UK, Italy, Germany, and France — underscores the region’s well-established
capabilities in medical device innovation and materials science. Submissions from Australia, Brazil, and Iran
confirm the expanding international profile of biomaterials research, where the combined effect of global
collaborative projects and the augmented global needs for health care are responsible of this trend. This
geographical spread not only illustrates leadership in the region but also the global nature of research in managing
orthopaedic problems.

3.3. Institutional Performance Analysis
Chinese Academy of Sclences
Ministry of Education of the People’s Re
Shanghai Jiao Tong University
Sichuan University
RMIT University
Peking University
Vellore Institute of Technology
Shanghai Jiso Tong University School of

Shanghal Institute of Ceramics, Chinese

Shanghai Ninth People's Hospital, Shan.

o
e
=3
.
=

60

3
=3
=)
=]

120
Documents
Fig 3. Number of documents produced by the top 10 institutions/organizations.

Figure 3 illustrates the institutional dissemination of biomaterials research in orthopaedics between 2010 and
2025. They are most significantly led by the Chinese Academy of Sciences, of over 110, followed by the Ministry
of Education of the People’s Republic of China, of around 80. Shanghai Jiao Tong University and Sichuan
University also submit significant papers with the number of papers reaching to more than 50 for each one. The
other main institutions are RMIT University, Peking University and Vellore Institute of Technology, which
contribute around 40—45 per document. Some more contributors including Shanghai Jiao Tong University School
of Medicine, Shanghai Institute of Ceramics and Shanghai Ninth People’s Hospital, reveal cooperation of research
activities within China, as well as the rising contribution of international institutes.

The dominance of Chinese institutions reflects strong leadership of the country in the field of biomaterial and
orthopaedics research, supported by large national funding programs and a network of cooperation between
universities, hospitals and research institutions. Organizations like the Chinese Academy of Sciences and Shanghai
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Jiao Tong University are hubs of innovation, and this demonstrates the integration between basic science, materials
engineering, and clinic. The presence of RMIT University (Australia) and Vellore Institute of Technology (India)
confirms that significant work is also being done outside China, indicating worldwide dissemination of the
expertise in orthopaedic biomaterials. This diversity of Chinese and international institutionsfurther suggests that,
although China is the clear leader, the author set is highly collaborative and internationalized, with significant
regional contributions to the advancement of science.

3.4. Document Type Distribution Analysis
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Fig 4. Distribution of Document Types

Distribution of document type published on biomaterials research in orthopaedics has been depicted in Figure
4 between the year 2010 to 2025. The majority of records are articles (58.6%) followed by reviews (23.1%). We
can observe book chapters are 10.1% and conference papers are 6.5%. A smaller number is made up of other types
such as books (1.5%) and conference reviews (0.2%).

As a consequence of the emphasis in the field of orthopaedics on empirical studies, experimental progress, and
new biomaterial applications, research articles are predominant in this domain. The significant percentage of
literature review papers demonstrates a simultaneous attempt to collate, review, and evaluate existing evidences,
as the latter are needed to pro-pel future endeavors and to consolidate the knowledge base within this rapidly
changing area of research. And the inclusion of book chapters and conference papers reflects knowledges
transmission in both academic and industry collaboration, which indicates an active contributions of scholarly
communication and the interdisciplinary exchanges. This relatively low proportion of books and conference
reviews is perhaps not surprising given the faster publishing schedule of that field, where journal articles and
reviews are the dominant way in which research visibility and impact is achieved.

3.5. Evaluation of Subject Area Publication Patterns
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Fig 5. Distribution of Publications by Subject Area

Figure 5 summarized the subject area distribution of biomaterials research for orthopaedics from 2010 to 2025.
Most papers are in the field of Materials Science (27.1%) and in Engineering (22.8%), which makes sense since
the technology is the basis of the field. Biochemistry, Genetics and Molecular Biology (11.1%) and Medicine
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(8.6%) also participate considerably in contrast to Chemical Engineering (8.6%). Physics and Astronomy
(6.7%)Chemistry (6.4%)Pharmacology/ Toxicology (2.2%) Computer Science (1.4%) Multidisciplinary (0.9%)
The remaining 4.5 percent fall into the other subject areas.

The dominance of Materials Science and Engineering demonstrates the significance of material design,
mechanical properties and structural innovations in the development of orthopaedic biomaterials. The high
percentage of representation of Biology and Molecular Biology reflects the interest in biological interfaces, as
cellular response and tissue incorporation, important for clinical translation. Honours in Medicine and Chemical
Engineering are also indicative of how the discipline is of an interdisciplinary nature, and relates the integration
of clinical requirements with process engineering, and the large scale production of biomaterials. Contributions
from Physics, Chemistry, and Pharmacology suggest the development of fundamental knowledge, material
synthesis, and safety tests. The relatively low proportion of Computer Science is an indication that that the digital
and computational strategies (modeling, Al, simulations) are still at emergent phase but may have a potential to
expand.

3.6. Overview of the Leading 10 Journals

Table 2 Lists the Top Ten Productive Journals in Orthopedic Biomaterials

% of total publications

No Name Journal Publications (3322)
1 Acta Biomaterialia 133 4,00
2 Materials Science and Engineering C 118 3,55
3 Journgl of the Mechanical Behavior of Biomedical 73 2.35

Materials
Journal of Biomedical Materials Research Part A 57 1,72
5 Materials 55 1,66
6 International Journal of Molecular Sciences 49 1,48
7 Ceramics International 45 1,35
8 Journal of Materials Science Materials in Medicine 44 1,32
Journal of Biomedical Materials Research Part B
9 . . . 41 1,23
Applied Biomaterials
10  ACS Applied Materials and Interfaces 39 1,17

The top 10 journals according to productivity in the field of orthopaedic biomaterials research during the period
0f 2010-2025 are shown in Table 2. Acta Biomaterialia is the first one in this list with 133 publications (4.00%),
with Materials Science and Engineering C (118 publications; 3.55%) and the Journal of the Mechani- cal Behavior
of Biomedical Materials (78 publications; 2.35%) the next two important entries. Also among the major
publications are the Journal of Biomedical Materials Research Part A (57, 1.72%), Materials (55, 1.66%), and the
International Journal of Molecular Sciences (49, 1.48%). Further contributions can also be found in Ceramics
International (45, 1.35%), Journal of Materials Science: Materials in Medicine (44, 1.32%), Journal of Biomedical
Materials Research Part B: Applied Biomaterials (41, 1.23%) and ACS Applied Materials & Interfaces (39,
1.17%).

The predominance of Acta Biomaterialia and Materials Science and Engineering C as core publication venues
for biomaterials (and particularly for orthopaedic) research is emphasized. These journals are now well-established
as leading vehicles for the communication of the most exciting research in material design, biomechanics, and
clinical translation. Specialized journals including the Journal of the Mechanical Behavior of Biomedical Materials
and the Journal of Biomedical Materials Research (A and B) clearly indicate the emphasis on both mechanical
characterization and clinical relevance of biomaterials. On the other hand, such major interdisciplinary journals as
Materials and International Journal of Molecular Sciences indicate a strong convergence of the field of materials
science with molecular biology. The introduction of Ceramics International and ACS Applied Materials and
Interfaces reflects the significant role that ceramics, composites and advanced material interfaces are playing in
the innovation of orthopaedic biomaterials. Taken together, these journals form a well-balanced ecosystem of
specialized and multidisciplinary publication venues.
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3.7. Analysis of Research Trends
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Fig 6. Annual Number of Publications

Figure 6 shows the annual output of the studies on biomaterials research in the field of orthopaedics during
2010-2025. The number of publications continued to rise slowly till 2013 and increased sharply in 2014 with
nearly 190 articles. There had been fluctuations during 2015-2019 period, but since 2020 the field started to grow,
and publications surpassed 250. The maximum was reached in 2024, with a little more than 300 papers, and a
slight decrease in 2025.

The increasing number of publications over the past decade reflects the growing global interest and investment
in biomaterials for orthopaedic use. The rapid increase after 2014, may be attributed to the fast development of
advanced materials, such as bioactive ceramics, metallic alloys, and nanocomposites, as well as improved
opportunity of finding and crosscutting projects. The acceleration starting in 2020 indicates that research about
this topic is spreading and that some sources of momentum are being introduced, including in new areas of
technological development such as additive manufacturing, tissue engineering and surface treatments. The little
dip in 2025 is not a decrease, but likely a fluctuation due to data completeness or continued publishing later years.

3.8. Analysis of Network Visualization
The network visualization generated with VOSviewer provides an effective means of analyzing the

relationships among concepts, keywords, and research collaborations [52], [53], [54], [55], [56]. Figure 7
illustrates this visualization within the context of biomaterials applications in orthopaedics.
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The keyword co-occurrence network map in orthopaedic biomaterials research from 2010 to 2025 is shown in
Figure 7 created by VOSviewer. Cluster 1 (red) is the study of biomaterials for orthopaedic and medical
application. This cluster of 66 keyword terms includes, for instance: additives, alloys, aluminum alloys, apatite,
binary alloys, bioactivity, biocompatibility, biodegradable implant, biodegradation, biological implants, biological
materials, biological properties, biomaterials, biomechanics, biomedical applications, body fluids, calcium,
chemical composition, chemical structure, clinical application.

Cluster 2 (green) is centered on bone-related biomaterials and tissue engineering approaches. This cluster of
56 keyword terms includes, for instance: 3D printing, angiogenesis, bioactive glass, bioceramics, biocompatible
materials, biodegradability, biological activity, biomaterial, biomimetics, bone, bone cement, bone defect, bone
graft, bone prosthesis, bone regeneration, bone remodeling, bone substitutes, bone tissue, bone tissue engineering,
and calcium phosphates. Cluster 3 (blue) focuses on cellular and animal-based studies in biomaterials research.
This cluster of 51 keyword terms includes, for instance: alkaline phosphatase, animal cell, animal experiment,
animal model, animal tissue, animals, bone development, cell adhesion, cell culture, cell differentiation, cell line,
cell proliferation, cell survival, cell viability, cells, comparative study, contact angle, controlled study, cytology,
and cytotoxicity. Cluster 4 (yellow) emphasizes antibacterial agents, surface coatings, and nanomaterials in
biomaterials research. This cluster of 25 keyword terms includes, for instance: anti-bacterial agents, antibacterial
activity, antibacterial properties, antiinfective agent, bacteria, biocompatible coated materials, chemistry, coated
materials, durapatite, Escherichia coli, Fourier transform infrared, infrared spectroscopy, microscopy,
nanocomposites, nanomaterial, nanoparticles, nanostructures, particle size, prostheses and implants, and
prostheses and orthoses. The frequency of keywords reflects the popularity of certain words in the research
literature. Table 3 shows the top five most common and least common keywords found in this study.

Table 3. Frequency distribution of five keywords: Highest and lowest occurrences

No Keyword Occurrences No Keyword Occurrences
1 Biomaterial 1284 1 Biological Properties 76
2 Biocompatibility 1140 2 Dental Alloys 76
3 Humans 1021 3 Polycaprofactons 76
4 Chemistry 824 4 Ultrastructure 76
5 Bone 823 5 Simulated Body Fluids 77

As shown in Table 3, the keywords Biomaterial, Biocompatibility, Humans, Chemistry, and Bone demonstrate
the highest occurrence values, indicating that these themes remain the central focus in orthopaedic biomaterials
research. Conversely, the keywords Biological Properties, Dental Alloys, Polycaproactons, Ultrastructure, and
Simulated Body Fluids show the lowest occurrence values, suggesting that these represent more specific or
emerging areas of interest within the field. Table 4 summarizes the extent to which these keywords are associated
with other research themes, in this case both strong and weak associations.

Table 4. Total link strength of the five most and least frequent keywords

No Keyword Total link No Keyword Total link
strength strength
1 Biomaterial 25091 1 Bilogical Implants 1047
2 Humans 20254 2 Metallic Biomaterials 1055
3 Chemistry 19394 3 Wear Resistance 1131
4 Biocompatibility 19209 4 Microstructure 1147
5 Biocompatible Materials 17164 5 Dental Alloys 1149

Table 4 shows that the keywords Biomaterial, Humans, Chemistry, Biocompatibility, and Biocompatible
Materials have the top five total link strength values over all keywords. This reflects their frequent association
with other terms and their importance in orthopaedic biomaterials investigations. On the other hand, the top five
values of total link strength stem from: Dental Alloys, Microstructure, Wear Resistance, Metallic Biomaterials,
Biological Implants, indicating they are more specific, less connected and possess weaker conecctivity in the extant
literature. These results are consistent with previous work on the importance of high versus low link strength values
in research networks [57], [58].

3.9. Analysis of Overlay Visualization
The overlay visualization function in VOSviewer is a useful instrument to investigate the trend of research and
the switching over of theme in a certain knowledge area. This visualization allows researchers to: “Trace the first

appearance as well as rate of growth of keywords and research topics Detect the emergence of new trends and
promising areas for future research, and Chart the historical development of research domains by marking the
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point when certain keywords appear to be gaining popularity [59]. Overlay visualization results of the analysis
applied to our application biomaterials in orthopaedic research is shown in Fig. 8.
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Fig 8. Overlay Visualization

Temporal pattern Figure 8 shows the temporal pattern of research topics using color coding, with dark blue
indicating the older research themes and bright yellow indicating the recent trends. We also observed from the
visualization that the studies in the early time period (2017-2018) were dominated by foundational themes such
as tissue scaffolds, orthopedic surgery, tissue. Calcium phosphates, bone subtitutes, bone pcosthesis, priority
journal, unclassified drug, cytology, biological materials, orthopedic applications, orthopedic implant, synthesis,
cells, cell adhesion, physiology, drug effects, cell survival, cell line, coated material, biocompatible, coatings, cell
culture, hardness , which reflects reflect the direction of biomaterials research toward orthopedic applications,
emphasizing the development of tissue scaffolds, bone substitutes, prostheses, and biocompatible coatings, while
also addressing cellular interactions, drug effects, and the synthesis of biological materials for improved implant
performance. Towards the mid-term period (2019), These keywords indicate that research in biomaterials is
directed toward advancements in tissue engineering and regenerative medicine, with a strong focus on bone tissue
engineering, bioceramics, and orthopedics, while also addressing critical aspects such as biodegradability,
biocompatibility, osteogenesis, antibacterial and anti-infective agents, surface modification, corrosion resistance,
and cell viability for improved clinical applications. The more recent publication trends (from 2020) are in yellow
colour and focus on 3D printing, bone defect, bone tissue, tissue regeneration, hydrogels, wound healing,
controlled drug delivery, scaffolds, polymeric implants, additives, property, biological implants, metal implants,
osseointegration, orthopaedic, angiogenesis, alumunium alloys, morphology, antibacterial activity, drug effect,
biocompatible coated material, corrosive effects, ternary alloys, zinc, corrosion rate, and corrosion resistant alloys
. These indications are constituents of the new frontiers of orthopaedic biomaterials and represent a strong move
towards the highperformance, biocompatible and clinically applicable biomaterials.

3.10. Analysis of Density Visualization
Density visualization is one of the graphical methods to show the concentration of item or keywords in a field
or network [60]. This analytical procedure is a useful tool to: Detect topic clusters and their relationships, Analyse

the trends and holes in the state of the art, Explore the conceptual density of the knowledge. Here in Figure 9 is
the density visualization of application biomaterials in orthopeadic keywords.
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Fig 9. Density Visualization

The density visualization reveals distinct research concentrations, with high-density (bright-colored) clusters
centered around keywords such as bimaterial, biocompatibility, bone, bicompatible materials, chemistry,
biomaterials, titanium, tissue engineering, controlled study, and nonhuman, , indicating these domains represent
the core focus of current biomaterials application in orthopaedic research. Conversely, low-density (dark-colored)
areas correspond to terms including drug effects, phosphatases, coated materials biocompatibilities, antinfective
agent, animal model, ossification, angiogenesis, bone deffect, cartilage, drug delivery systems, 3d printing,
additives, polymeric implants, property, sintering, microstructure, corrosive effects, aloyys, corrosion, rats,
alkaline phosphates, animal cell, mouse, mice, and cell line—suggesting these understudied areas may present
novel research opportunities, knowledge gaps, and technical challenges for future investigations in biomaterials
and orthopedic applications.

3.11. Synthesis of Findings

The interrelationship between the various analyses is evident. The high productivity of authors like Wen, C.
and Webster, T.J. is supported by leading institutions, primarily in China and the US, which also dominate the
country-level output. The predominant document types (articles and reviews) and subject areas (Materials Science,
Engineering) reflect the field's applied and interdisciplinary nature. The journal analysis confirms that the primary
outlets for this work are high-impact, specialized publications. The keyword and visualization analyses (Figures
7-9) directly map onto these productivity metrics, revealing that the core research themes—biocompatibility, tissue
engineering, and 3D printing—are driven by the most active authors, countries, and institutions. The identified
trends and gaps, such as the growing focus on antibacterial nanomaterials and the underexplored potential of drug
delivery systems, provide a clear agenda for the global research community highlighted in the performance
analyses.

IV. CONCLUSION

This bibliometric analysis provides a comprehensive overview of global research trends in orthopaedic
biomaterials from 2010 to 2025. The study reveals a significant and growing body of literature, driven largely by
contributions from China, the United States, and India, with strong participation from European nations. The field
is characterized by its multidisciplinary nature, integrating materials science, engineering, biology, and medicine.

The analysis identified four prominent research clusters: 1) medical applications and biocompatibility, 2) bone
tissue engineering and regenerative strategies, 3) cellular and animal studies, and 4) antibacterial nanomaterials
and coatings. The evolution of research themes, tracked through overlay visualization, shows a clear progression
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from foundational studies on biomaterials and implants toward advanced areas like 3D printing, personalized
implants, and multifunctional systems incorporating drug delivery and enhanced corrosion resistance.

Despite the considerable progress, several knowledge gaps remain. Topics such as controlled drug delivery
systems, angiogenesis, and detailed corrosion mechanisms appear underexplored, presenting valuable
opportunities for future investigation. The density visualization further highlights areas with lower research
concentration, suggesting potential for innovation in computational modeling, advanced composite materials, and
long-term clinical performance studies.

This study has limitations inherent to bibliometric methods, including reliance on a single database (Scopus)
and the focus on specific document types and keywords, which may exclude some relevant publications.
Nevertheless, the findings offer a strategic reference for researchers, clinicians, and policymakers. By outlining
the current landscape and emerging frontiers, this analysis can help guide resource allocation, foster international
collaboration, and accelerate the development of sustainable, effective, and accessible orthopaedic solutions to
improve global musculoskeletal health.

ACKNOWLEDGMENT

The authors would like to express their sincere gratitude to Hazrati Ashel for her valuable technical assistance and
insightful guidance in conducting the bibliometric analysis, which significantly contributed to the completion of
this study.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest
ORCID

Syafri https://orcid.org/0009-0001-8161-5685

Ratnawulan https://orcid.org/0000-0003-2702-2149

Riri Jonuarti https://orcid.org/0000-0003-1986-1401

Faozan Ahmad https://orcid.org/0000-0001-6182-0780
Aditya Wibawa Sakti https://orcid.org/0000-0003-1515-4400
Husin Alatas https://orcid.org/0000-0002-7570-3267

REFERENCES

[1] D. Unune, G. Brown, and G. Reilly, “Thermal based surface modification techniques for enhancing the
corrosion and wear resistance of metallic implants: a review,” Vacuum, vol. 203, p. 111298, 2022, doi:
10.1016/j.vacuum.2022.111298.

[2] M. Izmir, Y. Tufan, G. Tan, and B. Ercan, “Ti6al4v foams having nanotubular surfaces for orthopaedic
applications,” Surf. Interface Anal., vol. 51, no. 9, pp. 954-963, 2019, doi: 10.1002/sia.6687.

[3] H. Joo, S. Wu, 1. Soni, C. Wang-Crocker, T. Matern, and J. Beck, “Phage and antibiotic combinations reduce
staphylococcus aureus in static and dynamic biofilms grown on an implant material,” Viruses, vol. 15, no. 2,
p. 460, 2023, doi: 10.3390/v15020460.

[4] G. Szczesny, M. Kope¢, D. Politis, Z. Kowalewski, A. Lazarski, and T. Szolc, “A review on biomaterials for
orthopaedic surgery and traumatology: from past to present,” Materials (Basel)., vol. 15, no. 10, p. 3622,
2022, doi: 10.3390/mal5103622.

[5] M. Sarraf, E. Ghomi, S. Alipour, S. Ramakrishna, and N. Sukiman, “A state-of-the-art review of the
fabrication and characteristics of titanium and its alloys for biomedical applications,” Bio-Design Manuf.,
vol. 5, no. 2, pp. 371-395, 2021, doi: 10.1007/s42242-021-00170-3.

[6] K. Janatzai, O. Walikhan, and K. Tajmohammad, “An insight into the orthopaedic implant materials: a
comprehensive study,” J. Appl. Pharm. Sci. Res., vol. 5, no. 3, pp. 28-33, 2022, doi: 10.31069/japsr.v5i3.03.

[7] G. Caruso, M. Andreotti, C. Pari, F. Soldati, A. Gildone, and V. Lorusso, “Can tad and caltad predict cut-out
after extra-medullary fixation with new generation devices of proximal femoral fractures? a retrospective
study,” J. Clin. Orthop. Trauma, vol. 8, no. 1, pp. 68—72, 2017, doi: 10.1016/j.jcot.2016.09.009.

[8] L. Jia, F. Han, H. Wang, C. Zhu, Q. Guo, and J. Li, “Polydopamine-assisted surface modification for
orthopaedic implants,” J. Orthop. Transl., vol. 17, pp. 82-95, 2019, doi: 10.1016/j.jot.2019.04.001.

[9] C. Mas-Moruno, B. Su, and M. Dalby, “Multifunctional coatings and nanotopographies: toward cell
instructive and antibacterial implants,” Adv. Healthc. Mater., vol. 8, no. 1, 2018, doi:
10.1002/adhm.201801103.

Pillar of Physics, page. | 92



Syalfri, et al

[10] P. Pesode, S. Barve, S. Wankhede, and A. Ahmad, “Sustainable materials and technologies for biomedical
applications,” Adv. Mater. Sci. Eng., vol. 2023, pp. 1-22,2023, doi: 10.1155/2023/6682892.

[11] L. Roohani, E. Newsom, and H. Zreiqat, “High-resolution vat-photopolymerization of personalized
bioceramic implants: new advances, regulatory hurdles, and key recommendations,” Int. Mater. Rev., vol. 68,
no. 8, pp. 1075-1097, 2023, doi: 10.1080/09506608.2023.2194744.

[12] N. Kanakaris and P. Giannoudis, “Biofilm and its implications postfracture fixation: all i need to know,”
OTA Int. Open Access J. Orthop. Trauma, vol. 4, no. 3S, p. 107, 2021, doi:
10.1097/019.0000000000000107.

[13] J. Haglin, A. Eltorai, J. Gil, S. Marcaccio, J. Botero, and A. Daniels, “Patient-specific orthopaedic
implants,” Orthop. Surg., vol. 8, no. 4, pp. 417-424, 2016, doi: 10.1111/0s.12282.

[14] M. Ishak, X. Liu, J. Jenkins, A. Nobbs, and B. Su, “Protruding nanostructured surfaces for antimicrobial
and osteogenic titanium implants,” Coatings, vol. 10, no. 8, p. 756, 2020, doi: 10.3390/coatings10080756.

[15] C. Chen, L. Cai, W. Zheng, J. Wang, X. Guo, and H. Chen, “The efficacy of using 3d printing models in
the treatment of fractures: a randomised clinical trial,” BMC Musculoskelet. Disord., vol. 20, no. 1, 2019, doi:
10.1186/s12891-019-2448-9.

[16] G.Im, “Biomaterials in orthopaedics: the past and future with immune modulation,” Biomater. Res., vol.
24, no. 1, 2020, doi: 10.1186/s40824-020-0185-7.

[17] K. Prasad, O. Bazaka, M. Chua, M. Rochford, L. Fedrick, and J. Spoor, “Metallic biomaterials: current
challenges and opportunities,” Materials (Basel)., vol. 10, no. 8, p. 884, 2017, doi: 10.3390/mal0080884.

[18] A. Pang, Z. Liau, J. Oh, and D. Srinivasan, “Nanotechnology-enhanced orthopaedic surgery,” J.
Nanotheranostics, vol. 5, no. 4, pp. 167-187, 2024, doi: 10.3390/jnt5040011.

[19] W. Liang, C. Zhou, J. Bai, H. Zhang, H. Long, and B. Jiang, “Current developments and future
perspectives of nanotechnology in orthopedic implants: an updated review,” Front. Bioeng. Biotechnol., vol.
12, 2024, doi: 10.3389/fbioe.2024.1342340.

[20] J. Shang, C. Zhou, C. Jiang, X. Huang, Z. Liu, and H. Zhang, “Recent developments in nanomaterials for
upgrading treatment of orthopedics diseases,” Front. Bioeng. Biotechnol., vol. 11,2023, doi:
10.3389/fbi0e.2023.1221365.

[21] J. Wang, C. Yuan, B. Yang, Q. Zhang, D. Wang, and X. He, “The application of biomaterials in
osteogenesis: a bibliometric and visualized analysis,” Front. Bioeng. Biotechnol., vol. 10, 2022, doi:
10.3389/fbi0e.2022.998257.

[22] K. Tetsworth, S. Block, and V. Glatt, “Putting 3d modelling and 3d printing into practice: virtual surgery
and preoperative planning to reconstruct complex post-traumatic skeletal deformities and defects,” Sicot-J,
vol. 3, p. 16,2017, doi: 10.1051/sicotj/2016043.

[23] U. Persad and M. Mencia, “The value of 3d printing in orthopaedics,” Caribb. Med. J., 2020, doi:
10.48107/cmj.2020.11.005.

[24] C. Kelly and S. Adams, “3d printing materials and technologies for orthopaedic applications,” J. Orthop.
Trauma, vol. 38, no. 4S, pp. S9-S12, 2024, doi: 10.1097/bot.0000000000002765.

[25] A. Vasiliadis, N. Koukoulias, and K. Katakalos, “Three-dimensional-printed scaffolds for meniscus tissue
engineering: opportunity for the future in the orthopaedic world,” J. Funct. Biomater., vol. 12, no. 4, p. 69,
2021, doi: 10.3390/jfb12040069.

[26] J. Wang, Y. Yu, J. Guo, W. Lii, Q. Wei, and Y. Zhao, “The construction and application of three-
dimensional biomaterials,” Adv. Biosyst., vol. 4, no. 2, 2020, doi: 10.1002/adbi.201900238.

[27] R. Venter, L. Kotzé, and N. Ferreira, “A clinician-run 3d-printing laboratory for orthopaedic preoperative
planning: an illustrative case series,” SA Orthop. J., vol. 61, no. 3, pp. 181-186, 2022, doi: 10.17159/2309-
8309/2022/v21n3a7.

[28] L. Chen, “Deciphering the circadian rhythm in colorectal cancer: a bibliometric analysis of research
landscape and trends,” Front. Oncol., vol. 15, 2025, doi: 10.3389/fonc.2025.1591257.

[29] L. Alaoui, Y. Hammoudani, K. Haboubi, and F. Dimane, “Evolution of global climate change related
research: bibliometric analysis,” E3S Web Conf., vol. 527, p. 1003, 2024, doi:
10.1051/e3sconf/202452701003.

[30] A.Muktamar, S. Wahdiniawat, F. Fatmawati, and B. Mardikawati, “Challenges and opportunities in hrm
research in the era of globalization: a bibliometric analysis of the effects of cultural diversity and innovation
in organizations,” West Sci. Interdiscip. Stud., vol. 1, no. 11, pp. 1177-1186, 2023, doi:
10.58812/wsis.v1i11.342.

[31] L. Judijanto and W. Widyatmoko, “Bibliometric analysis of the development of entrepreneurial ecosystem
research in global publications,” West Sci. Bus. Manag., vol. 2, no. 03, pp. 920-935, 2024, doi:
10.58812/wsbm.v2i03.1272.

Pillar of Physics, page. | 93



Syalfri, et al

[32] G. Aarons, C. Seijo, A. Green, J. Moullin, H. Hasson, and U. Schwarz, “Fostering international
collaboration in implementation science and research: a concept mapping exploratory study,” BMC Res.
Notes, vol. 12, no. 1, 2019, doi: 10.1186/s13104-019-4800-4.

[33] A. Vélez-Estévez, P. Garcia-Sanchez, J. Moral-Muiioz, and M. Cobo, “Why do papers from international
collaborations get more citations? a bibliometric analysis of library and information science papers,”
Scientometrics, vol. 127, no. 12, pp. 7517-7555, 2022, doi: 10.1007/s11192-022-04486-4.

[34] E. Nicholson, T. Murphy, P. Larkin, C. Normand, and S. Guérin, “Protocol for a thematic synthesis to
identify key themes and messages from a palliative care research network,” BMC Res. Notes, vol. 9, no. 1,
2016, doi: 10.1186/s13104-016-2282-1.

[35] X. Xu, Z. Shen, Y. Shan, F. Sun, Y. Lii, and J. Zhu, “Application of tissue engineering techniques in
tracheal repair: a bibliometric study,” Bioengineered, vol. 14, no. 1, 2023, doi:
10.1080/21655979.2023.2274150.

[36] Q. Gao, X. Li, Y. Li, J. Long, M. Pan, and J. Wang, “Bibliometric analysis of global research trends on
regulatory t cells in neurological diseases,” Front. Neurol., vol. 14,2023, doi: 10.3389/fneur.2023.1284501.

[37] D. Zhang, W. Zhu, J. Guo, W. Chen, and X. Gu, “Application of artificial intelligence in glioma researches:
a bibliometric analysis,” Front. Oncol., vol. 12, 2022, doi: 10.3389/fonc.2022.978427.

[38] A. Maulani and R. Widuri, “Bibliometric analysis: adoption of big data analytics in financial auditing,”
Bus. Informatics, vol. 18, no. 2, pp. 78-89, 2024, doi: 10.17323/2587-814x.2024.2.78.89.

[39] B. Liu, X. Gao, and Y. Piao, “Trends and frontiers of rna methylation in cancer over the past 10 years: a
bibliometric and visual analysis,” Front. Genet., vol. 15,2024, doi: 10.3389/fgene.2024.1461386.

[40] Z. Zhang, M. Yang, T. Zhou, Y. Chen, X. Zhou, and K. Long, “Emerging trends and hotspots in intestinal
microbiota research in sepsis: bibliometric analysis,” Front. Med., vol. 11, 2024, doi:
10.3389/fmed.2024.1510463.

[41] S. Osorio-Toro, A. Campo, and H. Ramirez-Malule, “Bibliometric analysis of global research output on
teaching and learning of human anatomy,” Int. J. Morphol., vol. 40, no. 3, pp. 789-795, 2022, doi:
10.4067/s0717-95022022000300789.

[42] Z. Jiang, C. Wu, S. Hu, N. Liao, Y. Huang, and H. Ding, “Research on neck dissection for oral squamous-
cell carcinoma: a bibliometric analysis,” Int. J. Oral Sci., vol. 13, no. 1, 2021, doi: 10.1038/s41368-021-
00117-5.

[43] R. Watrianthos, A. Ambiyar, F. Rizal, N. Jalinus, and W. Waskito, “Research on vocational education in
indonesia: a bibliometric analysis,” JTEV (Jurnal Tek. Elektro Dan Vokasional), vol. 8, no. 2, p. 187, 2022,
doi: 10.24036/jtev.v8i2.117045.

[44] S. Zhang, H. Yan, D. Cao, W. Sun, J. Li, and J. Xu, “Research hotspots and trends in diabetes and insulin
resistance: a bibliometric analysis,” Front. Nutr., vol. 11,2024, doi: 10.3389/fnut.2024.1480491.

[45] Y. Sun, “Nanotechnology and biomaterials in orthopaedic medical applications,” Highlights Sci. Eng.
Technol., vol. 73, pp. 88-95, 2023, doi: 10.54097/hset.v731.12844.

[46] T. Tang and L. Qin, “Translational study of orthopaedic biomaterials and devices,” J. Orthop. Transl., vol.
5, pp. 69-71, 2016, doi: 10.1016/j.j0t.2016.02.001.

[47] M. Sylvestre, C. Crane, and S. Pun, “Progress on modulating tumor-associated macrophages with
biomaterials,” Adv. Mater., vol. 32, no. 13, 2019, doi: 10.1002/adma.201902007.

[48] G. Singh, “A bibliometric analysis and visualisation of research trends in titanium-based orthopaedic
implants,” Turkish J. Comput. Math. Educ., vol. 12, no. 2, pp. 69-74, 2021, doi:
10.17762/turcomat.v12i2.678.

[49] H. Ashel, I. Hamidah, S. Anwar, and M. Muslim, “Research Trends of Mental Models and Opportunity in
Science Education: a Bibliometric Analysis,” J. Eng. Sci. Technol., vol. 18, no. 6, pp. 70-80, 2023.

[50] 1. Zupic and T. Cater, “Bibliometric methods in management and organization,” Organ. Res. Methods, vol.
18, no. 3, pp. 429-472, 2015.

[51] N. J. Van Eck and L. Waltman, “Software survey: VOSviewer, a computer program for bibliometric
mapping,” Scientometrics, vol. 84, no. 2, pp. 523-538, 2010, doi: 10.1007/s11192-009-0146-3.

[52] N.J. van Eck and L. Waltman, “Visualizing Bibliometric Networks BT - Measuring Scholarly Impact,”
Springer International Publishing, 2014, pp. 285-320. doi: 10.1007/978-3-319-10377-8 13.

[53] A. Maleki, Z. D. Deilami, and D. Haseli, “Exploring Social Networks and Conceptual Structure in
Accounting Research: A Study of Scientific Collaboration and Word Co-occurrence,” 2024, doi:
10.22034/ijism.2024.2005663.1163.

[54] E. Fahrati and Y. Sopiana, “Knowledge Mapping in Agricultural Economics,” West Sci. Nat. Technol., vol.
2,n0. 02, pp. 118-127, 2024, doi: 10.58812/wsnt.v2i02.1016.

[55] Y. Xu, “Academic Research Trend Analysis in the Past Twenty-five Years of Electric Vehicle Industry by
Network Visualisation,” Appl. Comput. Eng., vol. 128, no. 1, pp. 176-182, 2025, doi: 10.54254/2755-
2721/2025.20464.

Pillar of Physics, page. | 94



Syalfri, et al

[56] Q. Yanling and J. Fanfan, “Visualizing and Metrically Analyzing Smart Logistics Literature Based on
WOS and VOSviewer,” 2024. doi: 10.1109/icmss61211.2024.00027.

[57] T. Ara’ujo, A. Abreu, and F. Louga, “The evolution of Complexity co-occurring keywords: bibliometric
analysis and network approach,” arXiv.Org, abs/2308.00992, 2023, doi: doi.org/10.48550/arxiv.2308.00992.

[58] P. Dubey, P. K. Agrawal, H. Chourasia, M. Nayak, and H. Gehani, “Bibliometric Analysis of Data Science
Research: A Decade of Insights from Web of Science,” 2023 Fourth Int. Conf. Smart Technol. Comput.
Electr. Electron., pp. 1-6, 2023, doi: 10.1109/icstcee60504.2023.10585030.

[59] N. Gupta and R. Chakravarty, “Research visualization of Indian LIS research using VOSviewer and
Bibliometrix,” Libr. Hi Tech News, vol. 38, no. 8, pp. 68, 2021, doi: 10.1108/LHTN-10-2021-0076.

[60] H. B. de Arruda, E.R. Silva, M. A. Lessa, D. Proenga, and R. Bartholo, “VOSviewer and Bibliometrix,” J.
Med. Libr. Assoc.,vol. 110, no. 3, pp. 392-395, 2022, doi: 10.5195/jmla.2022.1434.

Pillar of Physics, page. | 95



