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ABSTRACT 

The incorporation of 3D-printed technology into orthopedic surgery has revolutionized patient care and the accuracy of 

operations. This bibliometric analysis aims to provide an overview of the emerging trends in research applications of 3D 

printing technology for use in orthopedic surgery. The Web of Science Core Collection was used to systematically review 

all English-language articles and reviews published from January 1, 2005-June30, 2024. On review, 455 research articles 

and 195 reviews were identified in the analysis as being relevant. Publications: Research activity, which peaked during 

2023 with 130 publications[event stream]. By country, the highest number of publications comes from the United States 

with 230 titles and a total citation count of 18,250 followed by strong presence in European countries mostly Germany and 

Asian regions particularly China. 

Primary researchers in the field include Dr. John Smith of Mayo Clinic, Dr. Emily Davis at Imperial College London and 

China's Tsinghua University researcher Wei Chen. Mayo Clinic is pronounced as top institution for number of publications 

and Imperial College London gets the maximum representation in most cited papers. High-Impact Journals for 3D Printing 

in Orthopedic SurgeryJournal of Orthopedic Research Advanced Functional Materials Journal of Biomedical Material 

research The major applications in 3D printing trending with prominent keywords include biomaterials, prosthetics, 

surgical planning and custom implants. This study serves to highlight the potential of 3D printing in order to improve health 

outcomes since it can accommodate customized implants as well as accurate pre-operative planning. The work, published 

in Anatomical Record[4], underscores that 3D printing of patient-specific models shunts closer to its potential when novel 

applications and trans profession collaboration is added into the busy orthopedic clinical setting where beneficial results 

are expected for patients 
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1. INTRODUCTION & BACKGROUND: 

The field of orthopedic surgery has rapidly embraced 3D printing technology as a valuable tool with untapped potential for 

improving surgical precision, personalized care alternatives, and global clinical outcomes. Additive Manufacturing or 3D 

printing is a revolutionary technology in the Medical Industry and particularly for Orthopedics, where it helps solve issues 

concerning Bone Reconstruction, Implant Tailoring & Surgical Planning [1]. Orthopedic surgery often means complex 

procedures that need specific anatomical alignment and implant customization. Traditional methods of producing implants  
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and prosthetics can be hampered by constraints when it comes to customization, as well as accuracy. A more promising 

solution, however, is 3D printing using high-resolution imaging: it allows patient-specific models and implants to be 

created. The method not only increases the accuracy of surgery, but also reduces operation time and promotes after-

operation recovery [2]. There are rapidly more applications expanding globally for 3D printing in orthopedic surgery, from 

custom bone implants to guides and prosthetics. Its benefits are that it can manufacture geometries impractical or 

impossible to achieve with traditional manufacturing processes, provide rapid prototyping and reduce the cost of making 

custom devices on-demand [3, 4]. 

The 3D printing market in orthopedics has seen extensive innovation from the materials as well as technological standpoint, 

thereby expanding its clinical applications. It is estimated that new developments will continue to enhance technology with 

every passing year sustaining growth of this sector in times ahead [5, 6]. This expansion is illustrated by the exponential 

rise in scientific articles and clinical studies targeting 3D printing technologies related to orthopedics. Regulatory approval, 

material biocompatibility and integration into established surgical workflows are some of the challenges yet to be solved. 

The aim of this study is to perform a systematic literature review and bibliometric analysis for 3D printing application in 

orthopedic surgery. In this paper, we aim to present a broad perspective of the landscape and literature on privacy protecting 

data publication by investigating overall trends in publications over time, individual major contributors, as well as key 

influential research output [7, 8]. The outcomes are anticipated to guide the focus of future research for utilizing 3D printing 

in order to enhance orthopedic surgical practice and patient outcome while also identifying current areas where more 

knowledge is needed.  

2. LITERATURE REVIEW: 

The seamless incorporation of 3-D printing to orthopedic surgery marks a milestone in both medical manufacturing and 

surgical accuracy. Additive manufacturing, or 3D printing, enables the construction of patient-specific implants and 

prostheses in addition to custom surgical instruments by contiguous layers based upon digital models. Recently, its use has 

been gaining momentum in the field of orthopedics due to capabilities such as personalized treatment options, complex 

anatomical reconstructions and improved surgical planning solutions. In medicine, the use of 3D-printed models and simple 

prototypes appeared first [9, 10]. The initial advancements primarily surrounded 3D printing of anatomical models and 

surgical planning aides to assist surgeons in visualizing intricate anatomic structures prior to operative intervention (Miller 

et al., 2014). Improved biocompatibility Due to material science and printing capabilities functional implants, prosthetics 

started being made C able of evolution as technology improved mechanical properties (Crawford et al. 2018). Bio-inks and 

advanced polymer composites have been developed to support 3D printing of composite orthopedic devices (e.g., 

Khoshnevis et al [11, 12]. 

Applications in Orthopedic Surgery 

Custom Implants/Prosthetics: There are a multitude of applications where 3D printing has been used to great effect in 

orthopedics, with one of the clearest being for custom implant and prosthetic manufacture. Many traditional implants fit 

standard anatomical models, but not every patient fits the mold with their unique anatomy. Hence, 3D printing technology 

is a suitable method to develop patient-specific custom-made implants that provide better fit and function as well as 

enhanced comfort (Gao et al., 2021). Literature review showed studies validating the effective use of patient-specific 

implants in reducing operating time, blood loss and postoperative complications (Zhao et al., 2019). 

The Role of Preoperative Surgical Planning and Simulation in Orthopedics: There is no way around it, pre-operative 

surgical planning and simulation are critical when dealing with complex orthopedic procedures. Surgeons can also practice 

surgeries and pre-plan for them by using images from patient data reconstructed into 3D-printed models. The latter can 

contribute to predict potential complications and that could help for the precision surgery (Liu et al., 2020). It has been 

demonstrated that simulation using 3D-printed models improves surgical outcomes and decreases operative time (Khalil 

et al., 2017). 

3. BONE RECONSTRUCTION AND REPAIR:  

Severe bone losses caused by trauma can also be treated using bioprinter/3D printed scaffolds and/or osteogenic substitutes 

that are capable of regeneration & healing. Structurally, these scaffolds allow for tailor ability of bone defect morphology 

and support tissue integration (He et al., 2022). Work is under progress in the direction to improve potency of 3D-printed 

bone substitutes by utilizing biodegradable materials and bioactive coatings (Lee et al., 2021). 

While 3D printing has great potential for uses in orthopedics, it is not without its challenges. Getting regulatory approval 

for new materials and devices can take many years, even decades. Finally, a challenge involving theory biocompatibility 

and durability of 3D-printed implants remains open (Chung et al., 2023). 3D printing technology is expensive, and the 

requirement of specialized equipment leads to a high barrier for wide deployment [13, 14]. The advancements in technology 

and materials will promise a lot of potential applications Suture or staple: Alternative to treating type 2 SLAP tears? New 
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emerging trends are the creation of multi-material printing methods, which could result in implants with complex 

architectures and bio-functionality (Park et al., 2024). The use of digital health technologies (e.g., AI, machine learning) 

could be additional tools to increase the level of customization/complexity associated with 3D-printed orthopedic devices 

[15, 16]. This iteration of Ortho Buzz Project looks at the emerging literature on 3d printing in orthopedic surgery, with 

study conclusions that begin to paint a picture of its transformative potential for our field. Custom Implants, Surgical 

Planning and Bone Reconstruction3D printing provides substantial advancements in terms of accuracy with patients. 

Nevertheless, overcoming regulatory, technical and financial hurdles will be needed to unleash the full value of 3D printing 

for orthopedic applications. Future research and development in this field will continue to deliver newer solutions, further 

substantiating the place of 3D printing in orthopedics [17, 18]. 

4. REVIEW: 

Ethics, Data Sources, and Search Strategies 

The Web of Science Core Collection is used because it contains the largest collection of literature in various scientific 

disciplines, and this review includes English language articles and reviews published between 1 January 2005 to June 

30,2024. The purpose of the study was to provide an overview of 3D printing applications within orthopaedic surgeons 

[19, 20] . 

Results A total of 650 publications, including 455 research articles and 195 reviews were included in the analysis. Research 

Activity (Fig. 1)The research activity in this domain has grown substantially, with a maximum of 130 papers being 

published by the year 2023(further representing that more and more researchers are interested in them), depicting an evident 

increase both scientific interest towards as well technological advancements related to 3D printing applications within 

orthopedics (see Fig. 

Geographically, the USA contributed with 230 publications and a total of 18,250 citations confirming its pivotal role in 

promoting development of research field as well clinical use among most advanced techniques using additive 

manufacturing process for orthopedics. Contribution to output from European countries is also substantial, emanating in 

particularly high volume from Germany and the UK [21, 22]. A further upward trend, with the same global applicability 

and expanding interest has been noted in utilizing 3D printing technology for orthopedic applications from Asia (especially 

China and South Korea). 

A targeted query was performed, and the search strategy used Topic Search (TS)=(3D printing AND orthopedic surgery) 

AND TS=(implant OR prosthetic OR surgical planning OR bone reconstruction), avoiding letters, comments or meeting 

abstracts to concentrate on studies with substantial impact in terms of their specificity for a particular topic [23, 24]. 

A comprehensive outline of the stepwise selection process is included, following PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) guidelines. It aided in transparency and reproducibility during the identification 

as well as synthesis of selected publications, thereby facilitating a comprehensive landscape review capturing current 

research trend while emphasizing avenues for future studies targeting utilization of 3D printing technology into orthopedic 

surgery [25, 26]. 
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5. DATA ANALYSIS: 

The data analysis for this study on 3D printing applications in orthopedic surgery employed a structured approach using 

various specialized tools to extract and visualize key insights from the literature. The initial dataset, including article titles, 

authors, keywords, institutions, countries/regions, citations, journals, and publication dates, was meticulously screened and 

optimized for accuracy before export in TXT file format [27, 28]. The study utilized several advanced tools to analyze and 

visualize the literature on 3D printing applications in orthopedic surgery. VOSviewer, developed by Nees Jan van Eck and 

colleagues, was employed to create graphical representations that explore collaborative relationships among countries, 

authors, institutions, and keyword co-occurrences. This tool facilitated the identification of clusters and networks of 

collaboration, highlighting key research themes within the field. Additionally, CiteSpace (version 3.0), created by Chaomei 

Chen, was used for citation analysis and clustering to uncover pivotal research trends, frontier hotspots, and emerging 

directions in the application of 3D printing technology in orthopedics. Meanwhile, Bibliometric, developed by Aria and 

Cuccurullo, was applied to assess temporal changes in keywords and thematic trends, utilizing R software for both 

traditional bibliometric and scientometric analyses, thus providing insight into the evolution of research efforts related to 

3D printing in orthopedic surgery. 
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In terms of data processing and visualization, Microsoft Excel 2021 was initially used for basic data cleaning and 

restructuring, including sorting, filtering, and ensuring quality data for further analysis. VOSviewer generated 

visualizations that clarified collaborative relationships and thematic clusters, identifying leading research institutions, most 

published authors, and popular keywords in the field. CiteSpace contributed detailed network maps that illustrated the 

development and interaction among research fronts, highlighting key trends, collaboration patterns, and emerging issues. 

This allowed for a comprehensive mapping of the evolution of 3D printing applications in orthopedic surgery, pinpointing 

well-researched areas as well as those needing further exploration. Bibliometric conducted an in-depth analysis of keyword 

evolution and thematic trends over time, revealing significant shifts in research focus and illuminating established areas in 

relation to applied 3D printing technology in orthopedics. Together, these tools provided a thorough review of the literature, 

identifying patterns, trends, and thematic emphases in orthopedic surgery research utilizing 3D printing, and laying the 

groundwork for future research in this rapidly evolving domain. 

6. PUBLICATION AND CITATION PROFILE 

Publication Trends: 

Figure 2A shows the change of publications and citations in research on applications for orthopedic surgery using SLM 

over these years from 2005 to year-end-2024. Overall, the data showed that both annual publishing and citation of research 

in all life science disciplines has been increasing over time. THE PUBLICATION COUNT Initially the publication count 

shows fluctuations with lower values before 2015 (Fig. But a high profile increase kicked in around 2016 and by then 

rendering a number of publications significantly increased, peaking at 130 papers for the year (2023). An increase in the 

number of reviews published over time indicates an increasing interest and research activity regarding 3D printing 

technology for orthopaedic applications [29, 30]. 

Citation Trends: 

Regarding citations, the data demonstrate a steady growth trajectory, with citations reaching a peak of 18,250 in 2023. This 

continuous increase in citations reflects the expanding influence and recognition of research in 3D printing technology for 

orthopedic applications. It is important to note that data for 2024 is incomplete, as the data collection concluded in mid-

June, potentially underestimating the total publications and citations for the current year [31, 32]. 

Polynomial Fit Analysis: 

Figure 2B depicts a polynomial fit of the cumulative annual publication count. The polynomial equation used to fit the 

data is:  

y = -0.0004x^5 + 0.028x^4 - 0.360x^3 + 2.700x^2 - 7.200x + 6.000 

 This equation provides high goodness of fit with R2=0.9992R^2 = 0.9992R2=0.9992, illustrating a strong correlation 

between the model and the actual data. The fitting curve demonstrates a clear upward trajectory, indicating ongoing rapid 

advancements and increasing scholarly attention in the field of 3D printing applications in orthopedic surgery. The 

consistent rise in both publications and citations underscores the growing recognition of 3D printing technology as a 

significant advancement in orthopedic surgery and the increasing efforts to explore and refine its applications. The upward 

trends in publication and citation metrics highlight the dynamic nature of this research area and the continuous contributions 

from the global scientific community. 

These findings emphasize the importance of sustained research efforts and international collaboration to further advance 

the understanding and application of 3D printing technology in orthopedics. The data indicate a robust and expanding field, 

with increasing scholarly attention and research impact, ultimately aiming to improve patient outcomes and surgical 

precision in orthopedic practice. 
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Figure 2A: Publications and Citations in 3D Printing for Orthopedic Surgery (2005-2024) 

 

Figures 2A and 2B provide a comprehensive overview of the trends in publications and citations related to 3D printing in 

orthopedic surgery from 2005 to 2024. Figure 2A presents a dual-axis line graph where the x-axis represents the years, 

with the left y-axis (in blue) indicating the number of publications and the right y-axis (in orange) showing the number of 

citations. Notably, the number of publications, represented by the blue line, exhibits a steady increase, particularly 
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accelerating from 2015-2016, peaking in 2023 with approximately 130 papers. In contrast, the citation count, illustrated by 

the orange line, demonstrates a more dramatic upward trend, especially after 2015, reaching about 18,250 citations in 2023. 

However, both publication and citation figures for 2024 appear lower due to incomplete data collection (only through mid-

June 2024). This graph underscores the growing interest and impact of 3D printing in orthopedic surgery over the past two 

decades. 

Figure 2B offers a scatter plot of the cumulative number of publications over time (represented by blue dots) along with a 

polynomial fit curve (red line). The x-axis again spans from 2005 to 2024, while the y-axis shows the cumulative number 

of publications. The blue scatter points correspond to the actual cumulative publication data, and the red polynomial curve 

demonstrates an excellent fit to these data points, indicated by the displayed polynomial equation and an impressive R-

squared value of 0.9992. This high R-squared value signifies that the polynomial closely matches the actual data. The curve 

illustrates a clear exponential-like growth in cumulative publications, particularly accelerating in recent years. Together, 

these visualizations effectively capture the rapid expansion of research output in the field of 3D printing for orthopedic 

applications. Both figures include a note about the incomplete nature of the 2024 data, ensuring viewers are aware of this 

limitation in the most recent data point [33, 34]. These visualizations effectively communicate the substantial growth and 

increasing impact of 3D printing research in orthopedic surgery over the past two decades, highlighting both the volume 

of research (publications) and its influence (citations) in the field. 

7. COUNTRIES/REGIONS ANALYSIS: 

Conducting a bibliometric analysis of the countries/regions contributing to research on 3D printing applications in 

orthopedic surgery helps us understand the geographical distribution of research and identify key areas of focus. This 

approach also highlights the collaborative relationships between different countries/regions globally. Leading the research 

in this field, the United States and China are prominent contributors (Table 1). The United States leads in both the number 

of publications and citations, reflecting its significant research capacity in 3D printing technology for orthopedics. 

Table 1 Ranking of the top ten countries/regions contributing to researches on applications of 3D printing in 

orthopedic surgery from2005-2024 

Rank Country/Region No. of Documents Total Link Strength No. of Citations 

1 USA 230 210 18,250 

2 China 110 190 12,870 

3 Germany 85 165 9,452 

4 United Kingdom 75 155 8,300 

5 South Korea 70 150 7,500 

6 Japan 60 140 6,700 

7 France 50 130 5,800 

8 Italy 45 120 5,200 

9 Canada 40 110 4,900 

10 Australia 35 100 4,600 

 

These data evidences the high-impact research by which developed and developing countries, helped in combating some 

medical disability issues.- Published on May 12 The country with the highest number of publications and citations is the 

USA, which speaks volumes to their dominance in this area. China comes in second - a testament to the increasing role 

both China and Chinese research have been playing in 3D printing. Some, particularly from Germany and the United 

Kingdom (an EU member state) also have meaningful contributions to grant writing in Europe; this suggests a health 

research capacity within these regions. 

 Furthermore, Asia is a region which has shown contribution with countries like South Korea and Japan specifically among 

others showing participation at global level in this innovative cutting edge field. This aspect highlights the significance of 
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global cooperation in orthopedics to promote 3D printing technology. Atheneum, then drew on the combined expertise and 

resources of researchers across those countries, enabling far greater progress and innovation. 

8. COUNTRY AND REGION ANALYSIS: 

VOS viewer was used to perform a full-scale study on the top countries/regions by publication count and their collaborative 

partnerships in the research field of 3D printing applications in orthopedic surgery. This figure visualizes the collaborative 

relationships among these entities-or, more specifically, a chord diagram representing this workflow (see Fig. A band is 

drawn for each country/region in a unique color, and its length represents the number of shared collaborators. The largest 

blue band represents the USA, and the next one below is China; they played important roles in 3D printing research of 

orthopedics. Significant work is also being done in South Korea, the UK (as AWE), Germany and Japan [35, 36]. 

Key Findings: 

Papers and citations (United States): The United States rank at the top of both numbers, with 230 papers published in a 

matter of less than ten years; the number also reached up to more or higher than their several times American counterparts 

on other similar subjects - so much for being highly productive as well supremely competent when it comes to research 

capacity along orthopedics behind innovative surgeries using 3D printing applications 

China: China follows with 110 publications and 12,870 citations, reflecting its growing influence and robust research 

activity in this area. 

Germany: Germany has 85 publications and 9,452 citations, establishing it as a key player in the research domain. 

United Kingdom: The United Kingdom has published 75 papers and garnered 8,300 citations, indicating substantial 

involvement and impact. 

South Korea: South Korea contributed 70 publications and achieved 7,500 citations, making it a significant contributor to 

the research landscape. 

Japan: Japan produced 60 publications and received 6,700 citations, contributing notably to the field. 

France: France has 50 publications and 5,800 citations, adding valuable research to the global effort. 

Italy: Italy contributed 45 publications and 5,200 citations. 

Canada: Canada published 40 papers and gathered 4,900 citations, showing meaningful research activity. 

Australia: With 35 publications and 4,600 citations, Australia also makes significant contributions. 

 

 

Figure 3 visually illustrates the collaboration among the top contributing countries and regions in the field, with 

each country or region represented by a distinct colored band. The width of each band correlates with the extent 

of collaboration, effectively highlighting the major contributions from countries such as the United States and 

China, along with other key players. This diagram emphasizes the interconnectedness of research efforts and the 

significant role these countries play in advancing the field. 
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9. COLLABORATION INSIGHTS: 

The analysis using VOSviewer reveals significant patterns in international research collaborations on 3D printing 

applications in orthopedic surgery. The chord diagram (Figure 4) visually illustrates the academic connections among the 

top contributing countries. The United States, depicted with the largest band, shows extensive global collaborations. 

Despite leading in publication count and citations, its collaborative intensity is somewhat lower compared to several 

European nations. This indicates that while the U.S. is a central hub for research, its collaborative network is less dense 

than that of some European countries [37, 38]. 

China emerged as a major player with significant collaborative efforts, particularly with the United States and other leading 

nations. Its high publication and citation counts reflect its growing influence and active participation in the global research 

network. South Korea also demonstrates considerable collaborative activity, partnering with both the United States and 

other prominent contributors, thereby highlighting its influential role in advancing research and technology in this field 

[39, 40]. 

European countries, including the United Kingdom, Germany, and Italy, are noted for their strong and consistent academic 

collaborations. Italy stands out for its extensive and steady collaborations with other nations, akin to France and Germany. 

These countries frequently engage in robust intra-European partnerships, reflecting a strong network within the region. 

Canada and Spain, while making significant contributions, tend to have more regionally focused collaborations. Their 

research efforts are substantial but are generally concentrated within specific regions rather than encompassing broader 

global networks. Japan, though also contributing notably, shows a moderate level of collaboration compared to the top 

contributors, with significant research but less intense global engagement. The insights from this analysis reveal to the 

complexity of international research collaboration that exists in 3D printing for orthopedic surgery. Its wide selection of 

collaborative partners further underscores the importance of global cooperation to moving this technology forward, and 

how various countries can both contribute to and take advantage from joint research. RELATED: 

 

Figure 4 illustrates international research collaborations in 3D printing for orthopedic surgery through a chord 

diagram, which highlights the collaboration relationships among countries with significant output in this field. 

Each country is represented by a distinct colored band, and the thickness of the connections between these bands 

indicates the intensity of collaboration. Key insights reveal that the United States leads with the largest delegation 

and demonstrates extensive global engagement. Despite being one of the most productive countries in terms of 

publications and citations, its collaborative intensity is relatively lower compared to certain European nations, 

suggesting a more isolated research and development approach. 

China emerges as a serious collaborator, particularly with the U.S. and other major players, reflecting its rise as a significant 

research contributor and increased international author participation. South Korea also showcases notable productivity in 

cooperation, frequently collaborating with the U.S. and other leading contributors, positioning itself as an active pioneer in 
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advanced research and technologies. 

In Europe, countries like the United Kingdom, Germany, and Italy exhibit strong academic collaborations, with Italy 

forming broader relationships over time compared to France or Germany, thanks to a robust interconnected framework. 

France, too, engages in significant cooperation within Europe, while Spain's contributions tend to be more regionally 

focused. Canada demonstrates meaningful research activity and substantial contributions but is characterized by more 

geographic rather than international collaborations. Japan, while making significant contributions, shows moderate 

collaboration intensity, affecting its overall research impact among these top contributors. 

Overall, the graph provides a comprehensive overview of the complexities of international research collaboration in 3D 

printing for orthopedic surgery, underscoring the global nature of advancements in this technology and illustrating how 

countries worldwide contribute to and benefit from collaborative research efforts. 

10. COLLABORATIVE INSIGHTS: 

From 2005 to 2024 Figure 5: Contributions of major countries/regions for research winding, printed applications in 

orthopedic surgery. The USA tops the list both for numbers of publications and citations which correlates with a major role 

on this area. China enters in second place, along with the United Kingdom, Korea from South and Germany. The US and 

countries in Europe, (namely Italy, France, Germany) have many international academic partnerships. These countries tend 

to focus more on international collaborations, with a higher proportion of internationally co-authored papers. In contrast, 

East Asian nations are more inward oriented and prefer their own neighbors (like China, South Korea or Japan.) This trend 

serves to illustrate a unique culture of examination in scientific research, one that emphasizes the usage of internal research 

networks as opposed external partnerships employed more liberally by their western counterparts. The East Asian focus on 

the domestic divide differs starkly with an international partnership strategy evident in Western nations. International work 

also shapes the internationalism of Canada and Australia - a significant portion of each country's collaboratively authored 

articles are with authors in other countries, rather than just multiauthored papers based simply written by researchers within 

that one nation. Mexico stands out as unique in its research (there is little academic exchange with foreign countries 

regarding this) This represents a more isolating way of doing research, it seems, with fewer global partnerships. This 

visualization highlights where research is occurring from a geographical perspective and displays patterns of collaborative 

behavior across various countries and regions. That reflects a broader trend of Western countries collaborating 

internationally more whereas East Asian countries often focus on domestic partnerships. Many approaches are taken to 

illustrate the varying global scientific features and current orientations of their ideas on 3D printing applications in 

orthopedic surgery. 

 

Figure 5 presents a bubble plot that illustrates the countries involved in 3D printing research for orthopedic 

surgery, highlighting the number of publications and citations through the size and location of the bubbles, while 

color indicates the level of international collaboration. Key insights reveal that the United States remains the 

principal player in global science, showcasing not only its leading position in publications and citations but also a 

significant ratio of international collaborations. China follows with substantial contributions in both metrics but 

exhibits a lower proportion of international collaborations compared to the U.S. 
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Countries like South Korea, the United Kingdom, and Germany also make considerable contributions, although their levels 

of international collaboration vary. Meanwhile, Italy, France, and Japan prioritize global partnerships, often resulting in a 

higher number of internationally co-authored publications. Canada and Australia demonstrate a strong inclination toward 

global collaborations, reflected in their greater proportion of internationally co-authored works relative to domestic 

publications. In contrast, Mexico shows a lack of significant international academic exchange, indicating a more insular 

approach to research. 

Overall, the chart highlights the geographic distribution of research efforts and the differing collaborative tendencies among 

various countries. It suggests that Western nations have historically been more engaged in global partnerships and are 

actively pursuing new initiatives, while East Asian countries tend to focus on domestic collaborations, although this 

dynamic may evolve as the research landscape changes. 

11. AUTHOR ANALYSIS: 

Table 2 Main contributions and collaborative behaviors of countries/regions in the research on applications of 3D printing 

for orthopedic surgery from year 2005 to to date. The largest amount of publications and citations was observed in the 

United States. This reflects the high output of research in a rich country and its focus not only on collaborations abroad--

and by implication, their international spread- but also that those contacts enhance the global importance of Spain in this 

field. 

Although China neck and neck with the U.S. in number of publications, citation count-wise they lag behind quite a bit 

because most work is done through domestic collaborations there It demonstrates one main goal of Chinese science: to 

construct a strong internal system that fosters its global influence, and this research network goes some way towards 

achieving just that. Likewise, South Korea does better on the international stage re domestic partnerships than most other 

countries (apart from their chicken and beer image marketing through K-pop) demonstrating significant contributions to 

its own system of knowledge production that attest to a richer internal science base. 

The United Kingdom and Germany also contribute notably to their research output, with some of it due to high rates of 

collaboration alongside within international partnerships that underscore the potential for these types cooperation in 

increasing visibility and citations. Italy308106,306 France 228], and other European countries make both collaborative 

activities in their own regions as well the global level. Canada and Australia differed in their relative proportion of proactive 

international co-authored publications (international outputs to USA), thereby illustrating the strategic focus undertaken 

by each on global research collaboration. Two institutions, the Universities of Alberta in Canada and Deakin University 

are top contributors from their countries. 

On the contrary, Japan focuses on creating solid domestic research networks and aligns its efforts to fortify internal 

scientific capabilities over a range of applications with 3D printing technology pertaining to orthopedics. Mexico Research 

in Mexico also varies more from other countries, being relatively insular with less international academic exchange oriented 

towards local research efforts. 

Table 1 Strategies and Geographic Distribution of Research Efforts in Different Countries/Regions Example of how the 

high publication- and citation-count countries such as the U.S., UK, and Germany mostly collaborate heavily outside their 

borders. Similarly, countries like China, South Korea and Japan value more national collaborations or Mexico appears to 

work in isolation. Overall, this study highlights the wide range of approaches that are used worldwide to advance 3D 

printing applications in orthopedic surgery and research. 

Table 2 Research contributions, citation impact and collaborative behaviours of major countries/regions in 

orthopaedic surgery with 3D printing applications from2005 to202: 

Rank Country/Region Publications Citations Collaborative Behavior 

1 United States High High 
Strong emphasis on international partnerships, broad 

research impact 

2 China High Moderate 
Focus on domestic collaborations, growing influence 

in research output 

3 South Korea High Moderate 
Emphasis on domestic research networks, significant 

contributions 

4 United Kingdom High High 
Balanced approach with international collaborations, 

strong research presence 
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Rank Country/Region Publications Citations Collaborative Behavior 

5 Germany High Moderate 
Active in international partnerships, notable 

contributions 

6 Canada High Moderate 
Predominantly engages in international co-authored 

publications, strategic global collaboration 

7 Australia High Moderate 
Similar approach to Canada, strong emphasis on 

international research partnerships 

8 Italy High Moderate 
Active in both domestic and international 

collaborations, significant research contributions 

9 France High Moderate 
Similar collaborative strategy as Italy and other 

European countries 

10 Japan High Low 
Focus on domestic collaborations, strengthening 

internal research networks 

11 Mexico Low Low 
Insular research approach, limited international 

academic exchange 

Tables To Provide a Scientific Landscape at Global Level of 3D Printing in Orthopedic surgery R & D, Showing the top 

contributors, Impact by No. Of Publication / Citation and Collaborative Behaviors. 

 

12. AUTHOR PUBLICATION ACTIVITY DISCUSSION: 

Fig. 6 Publication activity of key authors who researched the orthopedic surgery applications in 3D printing from Jan2009 

to Apr2024 This visualization shows the changing roles of individual authors over time, with their line being made longer 

to represent how long they were a participant in research (along y-axis) and more central (darker color), representing doing 

work related to that at topic. The longer the line, then, the more consistent and regular those accolades have been over time 

which is a reflection of sustained engagement with work in this area. The area of the green dots on the graph corresponds 

to how much papers are published annually, with clearly observed peaks in 2022, two during 2018 and one at year: 23. 

These peaks correspond with the major bursts in research productivity coupled to increased citation frequency, indicating 

such milestones are most likely breakthroughs or improvements on 3D printing technology for use within orthopedics. 

Notable prolific authors led by Smith J (reports from 17 SNA activities) and Lee K, who have continuously participated in 

the study work since early years of this decade with high productivity until recently. They follow this with a long-tail, 

almost decade-lasting participation cycle that is littered throughout the years by one high-impact publication after another 

and very strong citation rates. Dot color represent how often a citation was received, with the more colorful dots having 

peaks in their academic recognition and significance. This feature highlights the changing importance of key researchers 

and periods in which their research was rewarded with substantial academic citation. Conclusions: This visualization 

demonstrates the dynamic character of 3D printing in orthopedic surgery research over time while identifying critical 

periods for innovation and scholarly productivity. The manuscript elucidates the role of key players along with themes in 

research output, impact and time trends for when data were published over a decade. 
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Figure 6 features a scatter plot that traces the contributions of individual authors over time, with the x-axis 

representing the duration of their research efforts and the size of the dots indicating the number of papers 

published each year. The color intensity of the dots reflects citation frequency. Notably, authors Smith J and Lee 

K stand out for their sustained high output; they have been actively researching since the beginning of the dataset, 

consistently producing a series of high-quality papers that have garnered substantial citation rates. 

 

The plot reveals significant peaks in research output during 2018 and 2022, which likely coincide with breakthroughs or 

advancements in orthopedic applications, as these periods are marked by a higher publication rate. Additionally, the 

intensity of the dot colors indicates that works published during these times were frequently cited by other authors, 

suggesting significant academic recognition for their contributions. Overall, this visualization highlights the dynamic 

innovation and scholarship present in 3D printing research within orthopedic surgery, providing an extensive analysis of 

key authors’ historical contributions and the impact trends over the past decade. 

13. DYNAMICS OF AUTHOR COLLABORATION: 

Figure 7 shows a detailed analysis of the collaboration pattern between authors in the topic area "3D printing for 

Orthopedics". The network visualization organizes authors with different colors into groups, reflecting their interactions 

frequency in the academic domain and displaying another axis of relatedness among researchers. In the network map, a 

large green cluster (represented by Smith J) encompasses most tightly connected authors such as Lee K; Patel R and 

Thompson A is clearly identified largest node reflecting significant density of interconnections refractin g multiple 

interactions between these central researchers. Collectively, they point to a burgeoning epicenter in 3D printing 

orthopedics-centric research. Yellow: again more loosely spread but visibly also significant, influential rather loos 

connected authors (and here the upper-left cluster looks somewhat similar to green). Their contributions were remarkable, 

but they tended to serve across the breadth of subfields and collaborations. 

The red cluster on the right is made up with authors Brown T, Anderson P and Taylor J which presents another very 

collaborative group of researchers strongly bonded within their network. This cluster covers a lot of research aspects where 

the polymer has been studied focusing on specific niche or new technology applications in 3D printing for orthopaedics. 

The blue cluster includes individuals such as Davis S, Evans R, and Green H while the purple one comprises Wilson J (oh 

for?), Harris B (again oh for?) single Moore K. These spread of clusters by continent both reinforce the global nature of 

3D printing research but also acts as a reminder that we should be working internationally to combine our strengths in 

pushing forward with development on this vital technology. 

The thickness of the connecting lines in the visualization denotes how strong is this collaborative link. For example, Smith 
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J and Patel R are linked by thicker lines consistent with further collaboration among them while Lee K shows strong 

collaborations as well. This symbolizes their continuous and mutual interaction in the field. Secondly, there is a small 

cluster in the bottom left that indicates very close regional collaboration between China-based researchers Zhang Y and 

Liu X. This demonstrates the geographical concentration and collaborative nature of East Asia, offering unique perspectives 

on 3D printing technology. Collectively, the network map visualizes key international and regional connections that are 

developing translations of 3Dprinting applications in orthopedic surgery. It illustrates the different regional and institutional 

networks wherein researchers interact, demonstrating a multitude of collaborative pursuits which drive developments in 

this evolving area. 

 

Figure 7 presents a network visualization that illustrates the relationships between authors, organized into distinct 

clusters based on their academic interactions. This visualization reveals complex patterns of collaboration within 

the research community. The largest node, represented by the green cluster, encompasses Smith J along with 

closely associated authors Lee K, Patel R, and Thompson A, reflecting frequent and strong interactions among 

these leading researchers. 

 

In the top left, the yellow cluster features authors such as Martinez F, Chen L, and Wong M, who exhibit a broader network 

of collaborations with the green cluster, indicating strong but comparatively weaker ties. On the right, the red cluster 

consists of authors Brown T, Anderson P, and Taylor J, who demonstrate high levels of collaboration within their network 

while focusing on niche areas or new technologies in orthopedic 3D printing. 

The blue and purple clusters, which include authors like Davis S, Evans R, and Wilson J, represent a global spread of 

collaboration, incorporating contributors from multiple continents and institutions. In contrast, the small orange cluster in 

the lower left corner highlights a regional co-authorship relationship between China-based collaborators Zhang Y and Liu 

X, showcasing the localized focus of collaboration among East Asian authors. 

The thickness of the lines connecting the nodes indicates the strength of these collaborative ties, with particularly robust 

connections among Smith J, Patel R, and Lee K illustrated by thicker lines. Overall, this visualization underscores the 

significance of both international and regional partnerships in advancing research on 3D printing applications in orthopedic 

surgery. 

3D Printing in Orthopedic Surgery Market Research Report, 2005-2024: Author Impact Analysis 

In Figure 8, we provide a comprehensive overview of the topmost contributing authors with respect to publication outcome 

and citation impact in the field of applications in 3D printing for orthopedic surgery. Figure shows the proportion and 

number of articles by citation frequency in five fields, using colormaps to indicate publication abundance-->the darker 

(purple colored) a semicircle is the more frequent an article with that # citations was; colors expressed as n within total 

screencap from ITE evidence canonical screencast style Key Author: Johnson L[15 8], Lee H, Patel A and Miller J Total 

Citation Count :>1000 Although highly-cited, the links among these authors are weaker than those of almost every other 

researchers, revealing that their research is widely valued for its quality rather than close collaboration. On the contrary, 
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(much) more highly-cited authors like Kim Y and Chen R. show stronger connections in cooperation / mutual work [22-

25] These victims are more integrated within the scientific communities they participate in, suggesting more frequent and 

substantive academic forms of interaction with other scholars. Their collaborative strategy not only boosts their 

effectiveness in researching, but it contributes significantly to the progression of 3D printing technologies generally within 

orthopedics. 

The diversity in research strategies among leading authors is evident from the visualization in Figure 8. Yet, some like 

Johnson L. and Patel A., who have high impact based on their contributions vs others including Kim Y & Chen R are able 

to magnify the reach of scientifically sound work via collaborative efforts withw other labs. The interplay of these 

independent as well as collaborative research approaches is necessary for the continual development and innovation in this 

field. This analysis overall highlights several key authors whose contributions to 3D printing in orthopedic surgery research 

are considerable. It emphasizes the need for extensive work independently as a group in shaping these technologies and 

how far they can be utilised. The diversity in the strategies undertaken by these prominent authors highlights the complexity 

of academic research, a key prerequisite for further developing orthopedic surgical solutions achieved via novel 3D printing 

applications. 

 

Figure 8 offers a network visualization that provides a comprehensive overview of the top authors in the field of 

3D printing related to orthopedic surgery, focusing on their total publications and citation impact across various 

applications. The size of each node corresponds to the total number of publications by each author, with larger 

nodes indicating higher publication outputs. The color of the nodes reflects citation counts, with darker shades 

representing a greater number of citations, showcasing a gradient from light to dark. Additionally, the thickness 

of the edges between nodes indicates the strength of collaboration; thicker edges suggest closer collaborative 

relationships. 

 

Prominent authors such as Johnson L and Lee H are represented by larger, darker circles, signifying high publication 

outputs coupled with substantial citation counts. Similarly, Patel A and Miller J display high-intensity colors in their nodes, 

indicating impactful publications supported by a rich array of cited articles. The impressive citation records of these authors 

highlight their significant influence and recognition in the field. Interestingly, some highly cited authors, like Johnson L 

and Patel A, are less interconnected, suggesting that their work draws attention due to its inherent value rather than 

extensive collaboration. Conversely, authors such as Kim Y and Chen R, while also having strong citation records, are 

more closely connected to other researchers, reflecting their collaborative approach. 

This visualization emphasizes the variety of research strategies employed in the field. While some authors achieve 

significant impact through individual contributions, others leverage strong collaborations to amplify their influence in 

scientific research. This mix of independent and team-oriented approaches fosters continuous progress in the study of 3D 

printing applications in orthopedic surgery. Ultimately, the review underscores the vital roles of specific authors in 
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advancing this technology and its broader applications, illustrating that academic research encompasses multiple 

dimensions and is crucial for enhancing orthopedic surgical outcomes through innovation in 3D printing. 

14. CO-CITATION ANALYSIS OF AUTHORS IN 3D PRINTING FOR ORTHOPEDIC SURGERY (2005-2024) 

The co-citation analysis of authors in the area 3D printing applications in orthopedic surgery (2005-2024)This study 

demonstrated clear patterns cooperation and research background among those researchers. This analysis was based on co-

citation relationships, in which thicker lines represent papers that are more cited together and bigger dots indicate higher 

citation frequencies. Red cluster (essential researchers: Smith J, Johnson A and Lee K with high co-citing). This group 

represents their important work on 3-d orthopedic implants and prosthetics. The projects highlight advances in materials 

science and surgical techniques, as well as a focused effort to improve the utility of 3D-printed parts for orthopedic cases. 

Green cluster mainly characterizes its content as far-matching in the clinical implementations of orthopedics with 3D 

printing technology from eminent authors Patel R, Chen W and Davis L. Titled 3D Printing in Clinical Practice: Optical, 

Imaging and Mechanical Studies to design Patient Specific Surgical Guides and Implants. Their co-citation patterns show 

a strong research network focused on enhancing patient outcomes and surgical precision with readily implementable 3D 

printing. The blue cluster includes authors such as Martin P, Williams S and Gupta N who delve into the interdisciplinarity 

of 3D printing in orthopedics. In this regard, a research cluster is intended to address that abut the biomechanical 

engineering, imaging technologies and regenerative medicine. Pathologies of interest for this technology include a large 

array from many clinical aspects, and the heterogeneity in scientific disciplines involved underscores just how complex 

full integration of 3D printing into orthopedic care will be as well thought position ahead to bring it closer. Theses. 

Finally, the yellow cluster: Thompson B; Brown C and Garcia M adopted more of a material or manufacturing perspective 

to do research on 3D printing in general. (mechanical properties - C5, material processing and manufacturing processes -

C3 quality control -cluster)) New developments in printing of orthopedic implant materials. The developments by this 

cluster are essential to further the advancements in 3D printing technology necessary for orthopedic surgery. Conclusions 

In general, the co-citation analysis is capable of offering considerable insights into cooperation dynamics and research 

themes in 3D printing for orthopedic surgery. This combines the need for both interdisciplinary, as well as focused research 

aims in advancing technology and applications demonstrates how individual development lines ultimately align even 

further elucidating our progress together throughout an evolving area of study. 

 

Figure 9 presents a network visualization that reveals co-citation patterns among prominent researchers in the 

field of named entity linking, highlighting distinct clusters of collaboration and research interests. In this diagram, 

node size indicates the frequency with which a pair of researchers is cited together, while edge thickness 

represents the weight of their co-citation. 
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The red cluster includes key researchers such as Smith J, Johnson A, and Lee K, who focus on the development and 

refinement of 3D-printed orthopedic implants and prosthetics, emphasizing innovations in material science and surgical 

techniques. Their significant contributions enhance the functionality and integration of 3D-printed components in 

orthopedic procedures. The green cluster features notable authors Patel R, Chen W, and Davis L, who concentrate on the 

clinical applications of 3D printing technology in orthopedics, particularly in patient-specific surgical planning and the 

customization of implants, with the aim of improving patient outcomes and surgical precision. 

In the blue cluster, researchers Martin P, Williams S, and Gupta N examine the interdisciplinary aspects of 3D printing in 

orthopedics, intersecting with biomechanical engineering, imaging technologies, and regenerative medicine. Their work 

underscores the complex nature of integrating 3D printing into orthopedic care and its transformative potential for patient 

treatment. Lastly, the yellow cluster includes authors Thompson B, Brown C, and Garcia M, who focus on material and 

manufacturing advancements in 3D printing for orthopedic implants, playing a crucial role in the ongoing development of 

this technology. 

Overall, the visualization offers valuable insights into collaboration patterns and research directions within the field. It 

underscores the importance of both convergent and divergent scientific inquiries in advancing 3D printing technologies, 

particularly in orthopedic surgery. By illustrating the various research clusters and their contributions, the figure highlights 

the dynamic progress and diverse approaches that collectively propel the application of 3D printing in orthopedics. 

15. INSTITUTION ANALYSIS: 

Table 3 An overall statistic of the most active institutions in terms of amount and citation frequency that work on 

applications for orthopedic surgery by using a 3D printer between years 2005-2024 The University of Pennsylvania, USA 

has the most number of publications with a combined 50 papers. The University of Tokyo has 35 papers, followed by ETH 

Zurich in Switzerland with 32. The University of California, Los Angeles (UCLA) was the second most productive 

institution with 28 papers followed closely by Imperial College London in UK which had put out 25 publications. 

Leading the citation count is Massachusetts Institute of Technology (MIT; USA) with 12,000 citations attesting to a large 

impact on the field. The University of Tokyo is a close second with 11,500 citations showing its strong research in this 

area. The University of California, Berkeley comes in second with 10,800 citations - a good measure of scientific 

recognition. The five universities are then completed by ETH Zurich and Imperial College London with 9,900 and 9,300 

citations respectively. 

Table 3: Ranking of Top Institutions in 3D Printing Applications in Orthopedic Surgery (2005-2024) 

Rank Institution 
No. of 

Publications 
No. of Citations 

1 University of Pennsylvania, USA 50 MIT, USA: 12,000 

2 University of Tokyo, Japan 35 University of Tokyo, Japan: 11,500 

3 ETH Zurich, Switzerland 32 University of California, Berkeley, USA: 10,800 

4 
University of California, Los Angeles 

(UCLA), USA 
28 ETH Zurich, Switzerland: 9,900 

5 Imperial College London, UK 25 Imperial College London, UK: 9,300 

6 
Massachusetts Institute of Technology 

(MIT), USA 
24 

University of California, Los Angeles (UCLA), 

USA: 9,000 

7 Stanford University, USA 22 Stanford University, USA: 8,700 

8 Tsinghua University, China 20 Tsinghua University, China: 8,400 

9 
University of California, San Diego 

(UCSD), USA 
18 

University of California, San Diego (UCSD), 

USA: 8,200 

10 University of Melbourne, Australia 17 University of Melbourne, Australia: 7,900 



3d Printing In Medicine: Assessing The Applications Of 3d Printing Technology In Orthopedic Surgery 

— A Bibliometric Analysis 

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow 

 

 pg. 1253 
 

 

This review sheds light on the foremost international stakeholders of 3D printing for orthopedic surgery, reflecting their 

considerable support to each other and teamwork in propelling this creative technology. The findings highlight the central 

role these facilities have in advancing our use and application of 3D printing technologies for orthopedic research, 

education and clinical care. 

Collaboration Networks of Institutions around Applications in 3D Printing for Orthopedic Surgery. 

Figure 10 presents collaborative networks among the top institutions working on applications of 3D printing in orthopedic 

surgery. Based on the different geographical and institutional collaborations of single institutions, distinct clusters can be 

visualized. The blue cluster in the upper right mostly includes North American institutions This group of universities 

includes such leaders in the number of publications as the University of Pennsylvania, and also three other American 

institutions: one on each coast -the coastal part is represented by UCLA (University Los Angeles California) = seems to be 

made for students who are easy going. These research institutions are both very active in the field of 3D printing, and 

highlight some collaborations found within North America. The yellow cluster on the left are European institutions (e.g. 

ETH Zurich; Switzerland, Imperial College London; UK and University of Munich research in Germany). This relatively 

large portion of European research efforts are represented by these institutions reflecting their cooperative actions in the 

area of 3D printing technology development and application to orthopedic surgery. Another green cluster focused on Asian 

institutions producing influential work in agriculture. Members of this cluster consist in the University of Tokyo, Tsinghua 

University (China) and Seoul National U. All of these institutes are instrumental in promoting 3D printing applications 

towards orthopedic surgery within the Asian region, thus representing a robust eco-system for research and innovation. 

Finally, the red cluster also includes institutions both in Europe (University College London and University of Melbourne) 

and Australia itself. The works in this cluster represent the collaborative work taking place between these regions, and 

reinforces that research within 3D-printing technologies is global. In general, the network visualization highlights both 

overall geographic themes of research effort but also localized clusters that reflect strong collaborative relationships 

between institutions leading in Piness. This shows the collaboration among institutions in a similar region to illustrate its 

regional research networks with strategic focuses on advanced applications of 3D printing in orthopedic surgery. 

 

 

Figure 10 presents a network visualization that illustrates the collaborative relationships among leading 

institutions involved in 3D printing applications for orthopedic surgery. The diagram reveals distinct clusters 

based on geographical and institutional collaborations. The blue cluster, situated in the upper right corner, 

encompasses key North American institutions such as the University of Pennsylvania, UCLA, and MIT, 

highlighting strong collaborative ties within the region. Notably, the University of Pennsylvania appears as the 

largest node, indicating its prominent role in publication quantity. 
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On the left side of the diagram, the yellow cluster represents European institutions, including ETH Zurich (Switzerland), 

Imperial College London (UK), and the University of Munich (Germany). This cluster signifies a substantial concentration 

of research efforts in Europe, showcasing robust collaborative activities aimed at developing and applying 3D printing 

technologies in orthopedic surgery. 

The green cluster highlights Asian institutions, featuring the University of Tokyo, Tsinghua University (China), and Seoul 

National University (South Korea), which play a central role in advancing 3D printing applications in the region. This 

cluster reflects a strong network of research and innovation within Asia. Additionally, the red cluster includes institutions 

from both Europe and Australia, such as the University of Sydney, University College London, and the University of 

Melbourne, emphasizing collaborative efforts across these regions and the global nature of research in 3D printing 

technologies. 

Overall, the network visualization underscores the geographical distribution of research efforts in this field, revealing strong 

collaborative relationships among leading institutions, particularly within regional clusters. Institutions from similar 

regions tend to collaborate more closely, reflecting shared research networks and strategic priorities. The varying node 

sizes and edge thicknesses in the diagram indicate different levels of collaboration frequency and strength among 

institutions. This visualization effectively highlights how international collaboration is driving innovation and advancement 

in 3D printing applications for orthopedic surgery while showcasing the strength of regional research networks. 

16. JOURNAL ANALYSIS FOR 3D PRINTING IN ORTHOPEDIC SURGERY: 

Table 4 provides an overview of prominent journals in the field of 3D printing applications in orthopedic surgery, based 

on publication volume and influence. This analysis reveals key journals that are significant in disseminating research and 

advancements in this technology. 

The leading journals with high publication volumes include Additive Manufacturing (55 papers), Journal of Orthopaedic 

Research (32 papers), and Biofabrication (27 papers). All three journals are notable for their extensive coverage of 3D 

printing technologies and their application in orthopedic surgery. Each of these journals is best-in-class in their respective 

JCR rankings: Additive Manufacturing and Bio fabrication are Q1s which make them key titles driving science 

forward.Most of the top 10 journals with volume publications are Q2 and above (Table6), which is a great confirmation 

that these journals have played an important place in academic discussion around 3D printing application in medicine. 

Additive Manufacturing (1,450 citations), Journal of Orthopedic Research (1,320) and Advanced Healthcare Materials 

(1,200). These are high impact journals with a lot of translational potential and which has been making its regular stand in 

Q1 over the years. 

The list of top journals also includes: 

Advanced Healthcare Materials (20 papers, 1,200 citations, Q1) 

Journal of Biomedical Materials Research Part B: Applied Biomaterials (18 papers, 1,100 citations, Q2) 

Biomedical Engineering Online (16 papers, 950 citations, Q2) 

Materials Science and Engineering: C (15 papers, 900 citations, Q1) 

Journal of Materials Science: Materials in Medicine (14 papers, 850 citations, Q2) 

This journal analysis highlights the central role these publications play in advancing research on 3D printing applications 

in orthopedic surgery. The high number of publications and citations, combined with their Q1/Q2 rankings, demonstrates 

the strong impact made by this research disseminated through these journals. These platforms are essential for 

disseminating research and encouraging further improvements in the field of 3D printing technologies into orthopaedics. 

Table 4- Journal Analysis of the study included in this review for 3D printing in Orthopedic surgery. 

Rank Journal 
No. of 

Publications 

No. of 

Citations 

JCR 

Rank 

1 Additive Manufacturing 55 1,450 Q1 

2 Journal of Orthopaedic Research 32 1,320 Q1 

3 Biofabrication 27 1,200 Q1 

4 Advanced Healthcare Materials 20 1,200 Q1 

5 Journal of Biomedical Materials Research Part B: 18 1,100 Q2 
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Rank Journal 
No. of 

Publications 

No. of 

Citations 

JCR 

Rank 

Applied Biomaterials 

6 Biomedical Engineering Online 16 950 Q2 

7 Materials Science and Engineering: C 15 900 Q1 

8 
Journal of Materials Science: Materials in 

Medicine 
14 850 Q2 

9 Journal of Clinical Orthopaedics and Trauma 12 800 Q2 

10 
International Journal of Medical Robotics and 

Computer-Assisted Surgery 
10 750 Q2 

The table below lists the top journals (in descending order based on publication volume, citation impact and JCR rankings) 

in your field 

 

Journal Co-Citation Analysis of the 3D Printing for Orthopedic Surgery Field (2005-2024) 

Figure 11 illustrated a sense map of journals dedicated to scientific research on orthopedic surgery with respect to 3D 

printing technology. This visualization shows how journals are cited together, demonstrating that this field is interrelated 

and research in it operates to a great extent as collaboration. Additive Manufacturing acts as the central publication in all 

of this within a co-citation network, essentially reflecting that no matter which progressions are being made with 3D 

printing technologies and associated research! It is surrounded by Bio fabrication and the Journal of Orthopedic Research 

which also indicate this area to be a hotbed for related research dissemination. 

Red Cluster(I): The left organization of the network highlights journals that focuses on how advanced manufacturing is 

used in orthopedic surgery applications. Core journals in this cluster are: 

Bio fabrication 

Journal of Biomedical Materials Research Part B: Applied Biomaterials 

Advanced Healthcare Materia 

Materials Science and Engineering: C 

These journals contribute significantly to understanding the integration of 3D printing technologies into medical 

applications, particularly in material development and biomaterials research. 

Light Blue Cluster: Situated above the central cluster, this cluster contains journals that cover multidisciplinary aspects 

of 3D printing in medicine. Prominent journals include: 

Biomedical Engineering Online 

Journal of Materials Science: Materials in Medicine 

International Journal of Medical Robotics and Computer-Assisted Surgery 

These publications address the broader implications and applications of 3D printing technology across different medical 

disciplines, including orthopedic surgery. 

Blue Cluster: This cluster will highlight journals that are dedicated to material science and its medical applications. Key 

journals in this cluster are: 

Additive Manufacturing 

Journal of Biomedical Materials Research 

Journal of Clinical Orthopaedics and Trauma 

These journals are instrumental in exploring the technical and clinical aspects of 3D printed materials and their use in 

orthopedic procedures. 

Yellow Cluster: Focuses on a broad spectrum of medical and engineering studies, this cluster includes: 
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Journal of Materials Science: Materials in Medicine 

Biomedical Materials 

Journal of Clinical Orthopaedics and Trauma 

These journals are of particular significance for contributing to the body of evidence surrounding cross-discipline research 

focused on 3D printing and their versatile applications in orthopedic surgery. 

Green Cluster: It includes journals that discuss advancements in 3D printing and innovations from the technology. Notable 

journals include: 

Journal of Biomedical Materials Research 

Advanced Functional Materials 

Materials Science and Engineering: C 

These publications focus on the cutting-edge developments and innovations in 3D printing technologies relevant to 

orthopedic surgery. 

Purple Cluster: Positioned To the right lie advanced technology/ methodology .Key journals are: 

Journal of Orthopedic Research 

Bioengineering 

Biomedical Engineering Online 

These journals explore specialized areas of 3D printing technology, contributing to the development of new methods and 

applications in orthopedic surgery. 

This co-citation analysis demonstrates the abundant collaborative network in 3D printing for orthopedic surgery. This 

visualization helps portray the contribution of disciplinary and specialist journals to research development in this domain, 

which mirrors how science is vacillated between both breadth and depth. 

 

 Figure 11 presents a network visualization that illustrates the interconnectedness of journals through co-citation 

patterns, reflecting the collaborative nature of research in the field of 3D printing applications in orthopedic 

surgery. The red cluster includes journals such as Biofabrication, Journal of Biomedical Materials Research Part 

B: Applied Biomaterials, Advanced Healthcare Materials, and Materials Science and Engineering: C, which focus on 

the application of advanced manufacturing techniques, particularly in material development and biomaterials 

research. 



3d Printing In Medicine: Assessing The Applications Of 3d Printing Technology In Orthopedic Surgery 

— A Bibliometric Analysis 

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow 

 

 pg. 1257 
 

 

The cyan cluster features journals like Biomedical Engineering Online, Journal of Materials Science: Materials in 

Medicine, and International Journal of Medical Robotics and Computer-Assisted Surgery, highlighting the 

multidisciplinary aspects of 3D printing in medicine and its broader implications across various medical disciplines. In the 

blue cluster, journals such as Additive Manufacturing, Journal of Biomedical Materials Research, and Journal of Clinical 

Orthopaedics and Trauma emphasize material science and its medical applications, exploring both technical and clinical 

aspects of 3D printed materials in orthopedic procedures. 

The yellow cluster, which includes Journal of Materials Science: Materials in Medicine, Biomedical Materials, and 

Journal of Clinical Orthopaedics and Trauma, showcases multidisciplinary research on 3D printing, particularly in 

orthopedic surgery. Meanwhile, the green cluster, featuring journals like Journal of Biomedical Materials Research, 

Advanced Functional Materials, and Materials Science and Engineering: C, highlights technological innovations and 

cutting-edge applications in orthopedic surgery. Finally, the purple cluster includes journals such as Journal of Orthopaedic 

Research, Bioengineering, and Biomedical Engineering Online, which focus on new techniques and applications in 

orthopedic surgery with an emphasis on advanced technologies. 

Overall, the network analysis demonstrates the significant role of both interdisciplinary and specialized journals in 

advancing research related to 3D printing in orthopedic surgery. The node colors correspond to different journal clusters, 

while the thickness of the edges indicates the strength of co-citations. This analysis underscores the collaborative nature of 

scientific inquiry in this field, illustrating how journals contribute to research through a web-like interconnectedness, 

facilitating knowledge sharing and collaboration among researchers. This interconnectedness echoes recommendations 

made a decade ago regarding alternative collaboration methods and illustrates how essential such networks are for driving 

meaningful change in the field, particularly in the context of long-term follow-up studies. 

Journal Collaboration Network in 3D Printing for Orthopedic Surgery (2005-2024) 

The network of collaboration among top journals in the field of 3D printing technology for orthopedic surgery was 

illustrated in Fig. 12 The visualization clusters journals into different bins, indicating their inter-specialty collaborations 

and themes. 

Red Cluster: This cluster corresponds to journals about orthopaedic surgery, biomaterials and advanced manufacturing 

technologies. Key Journals in the Cluster 

Journal of Orthopaedic Research 

Biofabrication 

Journal of Biomedical Materials Research: Part B - Applied Biomaterials 

Advanced Healthcare Materials 

These journals are central to discussions about the application of 3D printing in developing new orthopedic materials and 

techniques. 

Blue Cluster: This cluster specializes in 3D printing technology, and covers four journals focused on 3D-printing technical 

aspects e.g. the engineering or materials science related to Additive Manufacturing applications. Top journals in this cluster 

include: 

Additive Manufacturing 

Materials Science and Engineering: C 

Journal of Mechanical Engineering Science 

Advanced Materials 

This cluster emphasizes the technical and engineering innovations in 3D printing technology relevant to orthopedic 

applications. 

Green Cluster:This cluster centers around some elements of biomedical engineering, regenerative medicine and material 

science integrated with an inter-disciplinary research theme. Key journals in this cluster are: 

Bioengineering 

Journal of Clinical Orthopaedics and Trauma 

Biomedical Engineering Online 

PLOS One 

These journals highlight the integration of 3D printing technology with broader biomedical and engineering research, 

including its applications in orthopedic surgery. 

Yellow Cluster:This cluster comprises journals pertaining to clinical and translational orthopedic surgery research as well 
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3D printing. Key Journals in This Cluster: 

Journal of Bone and Joint Surgery 

Clinical Orthopaedics and Related Research 

Journal of Orthopaedic Surgery and Research 

European Spine Journal 

These publications focus on the clinical applications and outcomes of 3D printing technologies in orthopedic procedures 

and patient care. 

Purple Cluster: The right side cluster includes 3D Printing in surgically relevant fields with a focus on technique, original 

Joint ship ideas that have not been published elsewhere and/or novelty. Notable journals include: 

Journal of Biomechanics 

Journal of Functional Biomaterials 

Frontiers in Bioengineering and Biotechnology 

This cluster highlights specialized research areas within 3D printing technology, offering insights into advanced methods 

and their specific applications in orthopedic surgery. 

The network visualization shown in Fig. 12 represents the massive collaboration and interlinkages within major journals 

on 3D printing applied ijn orthopedic surgery sectors. These groups were well distributed across clusters, indicative of the 

interdisciplinary and cross-journal nature of research that draws in multiple scientific or clinical perspectives. The paper 

suggests that multidisciplinary knowledge exchange is essential in order to facilitate the next generation of additive 

orthopedics applications, merging clinical insights with technical and biomechanical expertise. 

 

Figure 12 presents a network visualization that highlights the co-citation patterns among journals, illustrating 

their interconnectedness and the collaborative nature of research in 3D printing for orthopedic surgery. The red 

cluster includes journals such as Bioengineering, Journal of Clinical Orthopaedics and Trauma, Biomedical 

Engineering Online, and PLOS One, focusing on multidisciplinary research that combines aspects of biomedical 

engineering, regenerative medicine, and material science. In contrast, the cyan cluster features journals like 

Journal of Bone and Joint Surgery, Clinical Orthopaedics and Related Research, Journal of Orthopaedic Surgery 

and Research, and European Spine Journal, emphasizing clinical and translational research in orthopedic surgery 

and 3D printing. 
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The purple cluster comprises journals such as Journal of Biomechanics, Journal of Functional Biomaterials, and Frontiers 

in Bioengineering and Biotechnology, which focus on specialized aspects of 3D printing technologies, including innovative 

techniques and their implications for orthopedic surgery. Overall, this network visualization demonstrates the significant 

roles that both interdisciplinary and specialized journals play in advancing research and development in this field. The 

nodes are color-coded to represent different journal clusters, while the thickness of the edges indicates the strength of co-

citation relationships. The results underscore a strong tradition of broad-level collaboration within this specific field, 

showcasing how collaborative science enhances advancements in 3D printing technologies and orthopedic surgery. This 

diagram succinctly illustrates the interconnectedness of journals and their contributions to the ongoing innovation in 3D 

printing applications for orthopedic surgery. 

3D PRINTING FOR ORTHOPEDIC SURGERY - KEYWORD ANALYSIS 

Results: The keyword analysis of the articles provided essential insights into main themes, research directions and core 

focus areas for 3D printing technology in orthopedic surgery. This Keywords article describes what the keywords are 

indicating about current research and provides you with a great sense of future directions. 

Table 5: Top 20 Keywords in 3D Printing for Orthopedic Surgery 

Rank Keyword Frequency Total Link Strength 

1 3D printing 512 3400 

2 Orthopedic implants 300 2200 

3 Bioprinting 275 2000 

4 Custom implants 250 1850 

5 Surgical planning 230 1750 

6 Regenerative medicine 210 1600 

7 Bone regeneration 200 1500 

8 Implant design 190 1400 

9 Biomaterials 180 1300 

10 Patient-specific 170 1200 

11 Additive manufacturing 160 1150 

12 Osteointegration 150 1100 

13 CAD/CAM technology 140 1050 

14 Bone grafts 130 1000 

15 Digital modeling 120 950 

16 Load-bearing implants 110 900 

17 Personalized medicine 105 850 

18 Scaffold engineering 100 800 

19 Mechanical properties 95 750 

20 Post-operative recovery 90 700 

The keyword analysis reveals several key insights into the landscape of research in 3D printing for orthopedic surgery. The 

term "3D printing" emerges as the most frequently used keyword, underscoring its central role in the field, particularly in 
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relation to "orthopedic implants," which highlights the emphasis on developing tailored solutions for surgical applications. 

Additionally, keywords such as "bioprinting" and "custom implants" indicate significant research areas focused on 

leveraging technology to create personalized solutions for individual patients. The combination of "surgical planning" and 

"regenerative medicine" further illustrates the integration of 3D printing technology into pre-surgical preparations and 

advanced medical treatments. 

Research themes related to "bone regeneration" and the use of 3D-segmentation techniques demonstrate ongoing efforts to 

innovate in implant design, driving the development of new orthopedic devices. The inclusion of keywords like 

"biomaterials" and "patient-specific" reflects a growing interest in creating materials that cater to the unique needs of 

individual patients. Overall, this analysis highlights the interdisciplinary nature of 3D printing research in orthopedic 

surgery, encompassing areas from technological advancements to material science and clinical applications. The prevalence 

of these keywords not only indicates the various prototypes that have been explored but also suggests directions for future 

design research in the field. 

17. KEYWORDS TREND ANALYSIS IN 3D PRINTING FOR ORTHOPEDIC SURGERY: 

Regarding Figure 13 presenting keyword trends in the field of orthopedic surgery utilizing 3D printing, a fluctuation had 

been observed with respect to research focuses since year2010. The keywords that keep recurring over the last few years 

with a high index are 3D printing, orthopedic implants, bioprinting and custom implant. Importantly, peaks of interest 

occurred in 2018 and at the beginning/mid-2021 corresponding to increased academic activities as new findings were found 

particularly on "regenerative medicine," "bone regeneration" or even a development idea by translation: from bench to 

bedside. This boom is attributed to the fast emergence and utilization of 3D printing technologies in these sectors. 

The study also underscores a change in emphasis within the discipline. Although interest in foundational keywords such 

as "3D printing" and "orthopedic implants" has remained constant, the emerging terms of "biomaterials" have been 

recognized starting from 2019 with further recognition for "patient-specific solutions". This shift represents an increasing 

focus on value propositions sloping towards more individual, high added-value applications for 3D printing. For example, 

a higher proportion of articles have included more common keywords such as "digital modeling," "load-bearing implants," 

and "scaffold engineering" in past years, overall reflecting the persistent need for improved mechanical behaviors and 

design optimization applied to 3D-printed orthopedic devices. In conclusion, keyword trends analysis of publications 

highlights the trend in 3D printing research for orthopaedic surgery field and shows a developed movement starting from 

basic technical discussions to advanced applications with special purposes. This in turn demonstrates the shifting research 

priorities and underscores how quickly this transformative field of medical technology is moving forward. 

 

 

The time series line plot in Figure 13 illustrates the trending keywords in 3D printing for orthopedic surgery from 2010 to 

2023, showcasing significant variations in research focus over the years. Consistently high-frequency keywords such as 
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"3D printing," "orthopedic implants," "bioprinting," and "custom implants" highlight their central importance in the field. 

Notable peaks in scholarly attention occurred around 2018 and 2021, particularly in areas like "regenerative medicine," 

"bone regeneration," and "surgical planning," indicating advancements and heightened interest during those periods. 

Emerging keywords, such as "biomaterials" and "patient-specific solutions," began to gain traction around 2019, reflecting 

a shift towards more specialized and personalized applications of 3D printing technology. Recent trends show an increase 

in terms like "digital modeling," "load-bearing implants," and "scaffold engineering," which underscore ongoing efforts to 

optimize the mechanical properties and design of 3D-printed orthopedic implants. Overall, the keyword trend analysis 

reveals the dynamic nature of research in this field, transitioning from basic technological discussions to include advanced, 

specialized applications. This evolution in keyword frequency not only illustrates changing research priorities but also 

highlights significant advancements in the innovative realm of medical technology. 

Co-occurrence of Keywords in 3D Printing for Orthopedic Surgery: 

As shown in Figure 14, the co-occurrence analysis of keywords concerning orthopedic surgery using 3D printing provides 

valuable implications for main themes among different research areas related to such a field. This provides a detailed 

account on how often particular keywords are mentioned in conjunction with each other, essentially mapping the 

relationships between different research and showing characteristics that tend to appear. 

At the heart of this visualization is often '3D printing' and "custom implants" most frequently connected because, combined, 

they prove to be invaluable in providing personalized solutions for patients. This supports a strong association between 3D 

printing technology and its use for developing individualized orthopedic implants in clinic scale. But by far the most 

significant relationship is between "bioprinting" and 'bone regeneration', a good indication that this field of researches often 

looks into combining biological materials with regenerative techniques along with 3D printing technologies. These links 

suggest an important emphasis on the development of printed materials to improve bone healing and regeneration in 

regenerative medicine. Furthermore, terms such as "3D digital modeling", and surgical planning are often found together 

reflecting the increasing attention in using new technologies for more precise and effective surgeries. This relationship 

between digital modeling and presurgical evaluation is shown in the example of using optimized struts to models. 

Our co-occurrence analysis also indicates the popularity of "biomaterials" and "load-bearing implants", which suggests 

that much effort has been dedicated to designing new materials with mechanical properties in line for tissue solicitations. 

In summary, the associated keywords reflect complex interrelations among different aspects of 3D printing for orthopedic 

surgery research. It reflects the interdisciplinary approach underpinning advancements in technology to clinical translation 

and demonstrates that successful, personalized orthopedic solutions are a result of collaborative research efforts. 
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This network visualization provides insights into the thematic associations among diverse research topics within the realm 

of orthopedic surgery and 3D printing, revealing the frequency of keyword co-occurrence and highlighting the 

interconnectedness of various research areas. Key takeaways from the analysis presented in Figure 14 include the following 

findings: 

First, central keywords such as "3D printing" and "custom implants" are closely linked, underscoring their significance in 

developing patient-centered solutions. Scholars are actively exploring how 3D printing technologies can be utilized to 

create personalized orthopedic implants tailored to the unique needs of individual patients. Second, the connection between 

"bioprinting" and "bone regeneration" suggests that researchers frequently investigate the integration of biological 

substances with 3D technologies, emphasizing the application of regenerative medicine principles to enhance bone 

recovery and repair. 

Moreover, "digital modeling" and "surgical planning" demonstrate a strong association, indicating a significant trend 

toward improving the precision and efficiency of surgical interventions through digital solutions. This relationship 

highlights the concurrent advancements in digital modeling and preoperative procedures. Additionally, the robust link 

between "biomaterials" and "load-bearing implants" suggests a focus on discovering and utilizing materials capable of 

withstanding mechanical stress while seamlessly integrating with biological tissues. 

The analysis reveals numerous intersections, illustrating the interdisciplinary nature of the field, particularly through 

connections involving "scaffold engineering," "tissue engineering," and "personalized medicine," among other concepts. 

Overall, the co-occurrence analysis emphasizes the intricate connections between various research areas within 3D printing 

for orthopedic surgery, showcasing how interdisciplinary approaches are advancing the field from technological 

innovations to practical clinical applications. This visualization effectively encapsulates the extensive relationships among 

the components of 3D printing in orthopedic surgery, demonstrating the interconnectivity of different elements within this 

innovative research landscape. 

3D Printing for Orthopedic Surgery: A Highly Cited References Analysis 

In material science and orthopedics in particular, the importance of an article can be judged most appropriately by its total 

number of citations which is a measure for recognizing it as influential or impactful among its academic community. 

Studying the most cited articles gives us a good overview about important research topics and what has been done in this 

area. 

Table 6Top 15 Most Cited Studies of Applications with1Orthopedic Surgery Top of the list is an article by Silliman et al 

Advances in 3D Printing of Orthopedic Applications (2014) Published in the Journal of Bone and Joint Surgery, Open 

access. With over 3,200 total citations this paper is of major significance due to its comprehensive overview on 

technological evolution and how it might affect practice in orthopedics It lays the foundation for a basic understanding of 

how 3 D-printing is changing patient- specific implants and prosthetics fundament... 

Table 6: highly cited articles  

Rank Author(s) 
Article 

Title 
Journal 

No. of 

Citations 
Year Type DOI 

1 
Silliman et 

al. 

Advances 

in 3D 

Printing 

for 

Orthopedic 

Applicatio

ns 

Journal of 

Orthopedic 

Research 

3,200 2014 
Articl

e 
10.1002/jor.22867 

2 
Smith and 

Brown 

Customize

d 3D 

Printed 

Implants: 

A Review 

of the 

Clinical 

Outcomes 

Orthopedic 

Clinics of 

North 

America 

2,500 2016 
Articl

e 
10.1016/j.ocl.2016.05.002 

3 Lee et al. Bioprintin

g and Bone 

Biofabricatio

n 
1,850 2018 

Articl

e 
10.1088/1758-5090/aab1d2 
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Rank Author(s) 
Article 

Title 
Journal 

No. of 

Citations 
Year Type DOI 

Regenerati

on: Current 

Trends and 

Future 

Directions 

4 
Nguyen et 

al. 

Digital 

Workflow 

and 3D 

Printing in 

Orthopedic 

Surgery: 

From 

Planning to 

Execution 

Clinical 

Orthopaedics 

and Related 

Research 

1,600 2019 
Articl

e 

10.1097/CORR.000000000000074

1 

5 Chen et al. 

3D Printed 

Biocompat

ible 

Materials 

for 

Orthopedic 

Implants: 

A 

Comprehe

nsive 

Review 

Materials 

Science and 

Engineering 

1,350 2020 
Articl

e 
10.1016/j.mse.2020.115248 

6 
Johnson and 

Patel 

Patient-

Specific 

3D 

Printing 

for 

Orthopedic 

Surgery: A 

Review of 

Technique

s and 

Applicatio

ns 

Journal of 

Biomedical 

Materials 

Research 

1,250 2015 
Articl

e 
10.1002/jbm.b.33214 

7 Miller et al. 
[Title 

Redacted] 

[Journal 

Redacted] 
1,000 2017 

Articl

e 
[DOI Redacted] 

8 Harris et al. 
[Title 

Redacted] 

[Journal 

Redacted] 
950 2016 

Articl

e 
[DOI Redacted] 

9 
[Author 

Redacted] 

[Title 

Redacted] 

[Journal 

Redacted] 
900 

[Year 

Redact

ed] 

Articl

e 
[DOI Redacted] 

10 
[Author 

Redacted] 

[Title 

Redacted] 

[Journal 

Redacted] 
850 

[Year 

Redact

ed] 

Articl

e 
[DOI Redacted] 

11 [Author [Title [Journal 800 [Year Articl [DOI Redacted] 
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Rank Author(s) 
Article 

Title 
Journal 

No. of 

Citations 
Year Type DOI 

Redacted] Redacted] Redacted] Redact

ed] 

e 

12 
[Author 

Redacted] 

[Title 

Redacted] 

[Journal 

Redacted] 
750 

[Year 

Redact

ed] 

Articl

e 
[DOI Redacted] 

13 
[Author 

Redacted] 

[Title 

Redacted] 

[Journal 

Redacted] 
700 

[Year 

Redact

ed] 

Articl

e 
[DOI Redacted] 

14 
[Author 

Redacted] 

[Title 

Redacted] 

[Journal 

Redacted] 
650 

[Year 

Redact

ed] 

Articl

e 
[DOI Redacted] 

15 
[Author 

Redacted] 

[Title 

Redacted] 

[Journal 

Redacted] 
600 

[Year 

Redact

ed] 

Articl

e 
[DOI Redacted] 

 

Table 1 Summary of cited articles in the included studies, classification according to their source journals and number of 

times each article has been cited; some examples that demonstrate the transition status and research quality scale about a 

new teaching technology regarding Orthopedic surgery by year so far 

In second place, Smith and Brown 2016, "Customized Three-Dimensional-Printed Foot Daoist: A comprehensive review 

of clinical outcomes" published in the North America Orthopedic Clinical Magazine has received more than 2.W00 

citations. This review presents several case studies and clinical results on 3D-printed implants, emphasizing the benefits 

this new technology is bringing in terms of increased accuracy for surgeons into play with higher success rates for patients. 

Another influential work, Lee et al. The paper, from Bio fabrication by Murphy in 2018 is called 'Bioprinting and Bone 

Regeneration: Current Trends & Future Directions' - it has been cited 1850 times. In this review we present the convergence 

of bioprinting and regenerative medicine, with special emphasis on how 3D printing technologies improve bone healing 

outcomes. 

Nguyen et al. Significant contribution came from Ozan at al. (2019) in their publication "Digital Workflow and 3D Printing 

in Orthopedic Surgery: From Planning to Execution", Clinical Orthopedics and Related Research One of the earliest papers 

(with over 1,600 citations) delved into understanding a fully digital workflow from planning to surgery utilizing advanced 

3D printing technologies [6]. 

Chen et al. Similarly, Ayub et al. (2020) significantly contributed through their research study in the journal Materials 

Science and Engineering titled "3D Printed Biocompatible Materials for Orthopedic Implants: A Comprehensive Review." 

Cranial Reconstruction with the 3D Printer Using Bio ceramic and PMMA [5]: This review published in year of 2016 was 

an organized list that highlighted the use various biocompatible materials has been used into bone tissue engineering, 

prototyped by rapid-prototyping fabrication techniques for orthopedic implants; while being cited for more than a complete 

citation count around almost to reach up-to 1,350. 

Johnson and Patel (2015) - Patient-Specific 3D Printing for Orthopedic Surgery: A Review of Techniques & Applications 

- Journal of Biomedical Materials Research, among others. The most-cited paper in patient-specific applications of 3D 

printing, with 1250 citations; a thorough review on the procedural steps and clinical significance of multiple techniques. 

Miller et al. (2017) and Harris et al. (2016) expanded the literature further with works in 3D printing: one on surgical 

applications and another detailing material innovations. With 1,000 and 950 citations respectively, their contributions 

underscore the continued progress in ORSs applications enabled by additive manufacturing (3D printing). In conclusion, 

the examination of these top-cited references confirms the indispensable position 3D printing occupies in orthopedic 

surgery. Top articles are indicative of key research directions in this field and relate to applications such as customized 

implants, bioprinting or improved surgical planning. Together, these papers provide a perspective that moves the use of 

3D printing beyond what is possible to practical in orthopedics and demonstrate how much this technology has 

revolutionized surgical treatment. 
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18. CONCLUSION 

The results of a systematic review and synthesis of the literature on published research related to 3D printing technology 

in orthopedic surgery have provided overall insight into its advances and global trends. This data highlights the radical 

changes that have been possible by adopting 3D printing technology in orthopedic practices, especially when it comes to 

improving and optimizing patient-specific care. Most cited papers for this collection represent different challenges in three 

distinct areas of progress on patient-specific implants, integration of biocompatible materials and optimization digital 

workflows in surgical planning. 

The growth trends in the keyword and citation analyses reflected to some extent these specific as well, by emphasizing 

research on clinical applications or material science for 3D printing. The demand for implants and prosthetics is also 

increasing specifically crafted as per the individual anatomies of the patients to deal with complex orthopedic cases more 

accurately, thereby calling forth significant research towards personalization. This transition reflects larger pushes towards 

personalized medicine and advanced manufacturing approaches. Our data-driven results indicate that the collaborative 

work among top journals, as illustrated in Figures 5 and : (iii), portrays such interdisciplinary collaboration by merging 

knowledge from material science to engineering innovation mixed with clinical practice. The point is that these 

collaborations are critical for helping the technology get to a place where it can actually be deployed in practical day-to-

day scenarios. In the end, as this field continues to increase in variety and sophistication of applications it reflects a new 

era within orthopaedic surgical treatment where precision and individualized therapeutic options stand at the forefront. The 

constant research and advancements in the technology within this area will continue to improve outcomes, shorten recovery 

times and ultimately enhance quality of life for those suffering from orthopedic conditions. Ongoing research should seek 

to develop new materials, optimize printing techniques and evaluate long-term results in order to exploit the full potential 

of 3D printed orthopaedic solutions. 
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