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Objective: To investigate the progress and status of the application of artificial intelligence (AI) in orthopedics and highlight the 
current hot research areas.
Methods: A comprehensive literature search was conducted in the PubMed database, covering the period from 2010 to 2024. The 
R software (version 4.2.0) was used for the bibliometric analysis.
Results: A total of 112 articles related to AI and orthopedics have been published, demonstrating a consistent upward trend in 
research output. Hot keywords, such as “machine learning”, “deep learning”, “ChatGPT”, “3D printing”, and “arthroplasty”, were 
frequent occurring terms. While most countries engaged in extensive collaborative networks, the frequency of these partnerships 
remained relatively limited.
Conclusion: The influence of AI in the field of orthopedics has been growing. This impact may signify the historic onset of the AI era 
in orthopedics, with milestones being set along the path from precision diagnostics to targeted treatments.

Plain Language Summary: AI research in orthopedics is steadily increasing, with focus areas like AI-based diagnostics, ChatGPT, 
and 3D printing. These tools are helping improve diagnosis, treatment planning, and surgical outcomes. 
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Introduction
Artificial Intelligence (AI) has emerged as a significant area of focus within orthopedics, offering transformative potential 
in surgical procedures and diagnostic processes. The progressive advancements in AI technology enabled the analysis of 
extensive medical imaging datasets, facilitating more precise diagnoses of orthopedic conditions and enhancing post- 
surgical recovery predictions. Specifically, AI-driven image interpretation systems have demonstrated efficacy in 
identifying fractures and joint injuries, thereby elevating diagnostic accuracy and operational efficiency.1 Moreover, 
AI’s role in orthopedic surgery was undergoing continuous expansion. AI assisted in formulating meticulous surgical 
plans, forecasting surgical risks, and refining postoperative rehabilitation protocols. These applications not only aug
mented surgical success rates but also significantly enhanced patients’ postoperative quality of life.2

However, the current literature analysis remained inadequate, characterized by fragmented studies, unclear research 
priorities, and ambiguous future trends. Existing research indicated that the application of AI in orthopedics primarily 
concentrated on surgical outcome prediction, procedure optimization, and diagnostic accuracy enhancement. While these 
applications demonstrated significant potential, their clinical implementation remained nascent, necessitating further 
investigation to comprehensively assess their benefits and limitations.3,4 Therefore, despite the promising prospects of AI 
in orthopedic research, more systematic investigations were imperative to elucidate its research priorities and develop
mental trajectories, thereby providing clearer guidance for future studies and clinical applications.
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This study sought to elucidate the current research landscape of AI applications in orthopedics through bibliometric 
analysis. We hypothesized that identifying research trends and frontiers would provide valuable insights and guidance for 
future investigations in this field.

Methods
No ethic statement was required for this study. In our study, we aimed to provide a comprehensive overview of the 
research landscape on the application of AI in orthopedics. Consequently, we did not apply specific exclusion criteria 
beyond the search strategy parameters, such as language and document type. All records that matched the search terms 
were included in the analysis to avoid introducing subjective bias and to ensure that the bibliometric mapping accurately 
reflected the full scope of related literature. The PRISMA flow chart was presented in Figure 1. This research employed 
the R package “bibliometrix” (version 4.1.4) (https://www.bibliometrix.org) for comprehensive bibliometric analysis, 
establishing a global literature network focusing on the intersection of “AI” and “orthopedics”. The analysis encom
passed journals, authors, citations, keywords, institutions, countries, and co-occurrence networks. The search strategy 
was “(artificial intelligence[topic]) AND (orthopedics[topic])”. Complete metadata were extracted on February 10, 2025, 
from the PubMed database, with a timespan ranging from January 1, 2010, to December 31, 2024, in the “PubMed export 
file” format and processed using R (version 4.2.0) with the Bibliometrix package. Initial data assessment was conducted 

Figure 1 The PRISMA flow chart of bibliometric analysis of publications on the application of AI in orthopedics.
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via the “biblioAnalysis()” command and “summary()” function, yielding insights into article temporal distribution, 
document types and quantities, average publication year, citation metrics, authorship patterns, and geographical distribu
tion of corresponding authors. Additionally, the analysis identified prolific authors, highly cited manuscripts, and key 
publication sources. Feature mapping and collaboration networks were developed using the “metaTagExtraction” and 
“Biblionetwork” commands, with visualizations generated via “Networkplot”. Further analyses, including national and 
institutional collaboration networks, keyword analysis, co-occurrence network synthesis, and thematic mapping, were 
performed using the “Biblioshiny()” command.

Results
Annual Publication Trends Analysis
A search using the keywords “AI” and “orthopedics” yielded 112 publications from January 2010 to December 2024, with an 
average annual publication count of 8. As illustrated, research related to “AI” and “orthopedics” can be broadly divided into 
two phases. The initial phase (2017–2020) exhibited fluctuating trends, while the subsequent phase (2021–2024) was 
considered a period of sustained growth. The number of publications peaked in 2024 with 45 articles, marking a 44-fold 
increase compared to 2017. During 2021–2024, the average annual publication count was 24. However, the average annual 
citation count showed an overall declining trend, with the highest average citation count recorded in 2017 (15), followed by 
a gradual decrease after 2019 (Figure 2).

Three-Field Plot
The Sankey diagram, illustrating the relationship among Author (AU), Affiliation (AU_UN), and Source (SO) in global 
literature related to “AI” and “Orthopedics”, revealed the flow and connections between these fields (Supplementary 
Figure S1). Notably, the highest flow from the Author category was directed toward the Hospital for Special Surgery, 
highlighting its significant role in the intersection of “AI” and “Orthopedics”.

Figure 2 Annual Publication Trends and Average Citation Counts of Literature at the Intersection of AI and Orthopedics from January 2010 to December 2024.
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Most Relevant Sources
The top 10 journals ranked by publication volume were shown (Supplementary Figure S2). Among them, FRONTIERS 
IN SURGERY, JOURNAL OF ARTHROPLASTY, JOURNAL OF MEDICAL INTERNET RESEARCH, and 
ORTHOPEDICS leaded with the highest number of publications, each publishing 4 articles. EFORT OPEN 
REVIEWS and WORLD JOURNAL OF ORTHOPEDICS followed closely in second place, with 3 publications each 
(Supplementary Figure S2).

Sources’ Production Over Time
The line graph illustrated the annual publication trends of the top 10 journals, ranked by cumulative article output, on the 
topic of AI applications in orthopedics. Notably, the JOURNAL OF ARTHROPLASTY has consistently published 
relevant literature each year since 2018 (Supplementary Figure S3).

Most Relevant Authors
The comprehensive literature review encompassed contributions from a total of 620 distinct authors. Through detailed 
comparative analysis of authors and their affiliated institutions, it was observed that 17.86% of the 112 reviewed 
publications involved international collaborations. Among the top 10 most prolific authors, RAMKUMAR PREM 
N leaded with 5 publications, followed by HAEBERLE HEATHER S and PAREEK AYOOSH, each with 4 publications 
(Figure 3).

Figure 3 Ranking of Authors at the Intersection of AI and Orthopedics Based on Publications from January 2010 to December 2024.
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Authors’ Production Over Time
Lotka’s Law illustrated the unequal distribution of academic productivity, where a limited number of prolific authors generated 
the majority of scholarly output, while most contributors produced only a minimal number of publications. The empirical data 
demonstrated a notable deviation from the theoretical model: single-author publications (N.Authors = 1) exhibit the highest 
frequency (Freq = 0.921), significantly exceeding the predicted value of 0.68 (Supplementary Figure S4). This disparity 
underscored the predominance of authors who published just one article during the study period. Notably, Jeyaraman Madhan, 
Martin R. Kyle, and Pareek Ayoosh emerged as the most productive contributors in 2022 and 2024, each publishing three 
articles (Supplementary Figure S5). Their substantial output has been instrumental in driving research advancements in the 
application of AI within orthopedics, establishing them as key opinion leaders in this specialized domain.

Most Relevant Affiliations
The Figure 4 illustrated the leading research institutions in the application of AI in orthopedics, ranked based on their 
publication output. The Hospital for Special Surgery and Huazhong University of Science and Technology appeared most 
frequently (9 times each), followed by the University of Palermo in second place (7 times). Indiana University School of 
Medicine and Mayo Clinic shared the third position (5 times each).

Affiliations’ Production Over Time
The line graph illustrated the cumulative publication output of the top 10 research institutions over different years. 
Starting from 2020, several institutions have shown a significant increase in their publication numbers. Notably, the 
Hospital for Special Surgery and Huazhong University of Science and Technology reached their highest publication 
count in recent years, with 9 papers published in 2024 (Supplementary Figure S6).

Figure 4 Ranking of Institutions Publishing in AI-Orthopedics Interdisciplinary Research from January 2010 to December 2024.
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Corresponding Author’s Countries
The corresponding authors of the related literature were from 38 countries. Based on the number of publications, the 
countries of the corresponding authors were ranked. China leaded with the highest number of articles (total: 19; SCP: 18; 
MCP: 1), followed by the USA in second place (total: 17; SCP: 13; MCP: 4), and India in third place (total: 9; SCP: 9; 
MCP: 0). Among the 19 countries, China had the highest SCP ratio at 28.1%, while the USA had the highest MCP ratio 
at 25% (Supplementary Figure S7).

Countries’ Scientific Production
The regional distribution of research output across different countries in the relevant field was illustrated (Supplementary 
Figure S8). The top three countries/regions with the highest number of publications were the USA (60 articles, 22.99%), 
followed by China (53 articles, 20.31%) and India (29 articles, 11.11%) (Supplementary Figure S8).

Countries’ Production Over Time
The line graph illustrated the cumulative publication output of the top five countries over different years. Starting in 
2018, the USA surged to the top in terms of publication volume, reaching a total of 154 articles by December 2024, while 
China ranked second with 97 articles (Supplementary Figure S9). The global citation rankings aligned with the 
publication rankings, with the USA maintaining its leading position in total citations, accumulating 65 citations, followed 
by China with 36 citations (Supplementary Figure S10).

Most Global Cited Documents
In the relevant literature, the most frequently cited works were as follows: OLCZAK JAKUB, 2017, with a total of 135 
citations, ranked first. BINI STEFANO A, 2018, with 58 citations, took the second position. RAMKUMAR PREM N, 
2019, with 40 citations, was ranked third (Supplementary Figure S11).

WordCloud
The analysis of author keywords in the article was conducted to evaluate various themes in the application of AI within 
the field of orthopedics. A word cloud and tree map were used to visualize the 50 most frequently occurring author 
keywords (Figure 5A and B). The most prominent keywords included “artificial intelligence” (68 times), “orthopedics” 
(32 times), “machine learning” (23 times), “deep learning” (19 times), and “ChatGPT” (13 times) (Figure 5C).

Words’ Frequency Over Time
When analyzing the frequency of keywords in AI-related orthopedic literature over the years, it was evident that terms 
such as AI, MACHINE LEARNING, DEEP LEARNING, and 3D PRINTING have consistently been the focus of 
research since 2018 (Supplementary Figure S12).

Trend Topics
A trend analysis was conducted on scientific articles addressing the global application of AI in orthopedics. By 
examining the literature data from this period, the primary research themes and their evolutionary trends were identified 
at the intersection of AI and orthopedics (Figure 6). The analysis revealed several key research topics that have shown 
significant development trends in recent years:

Artificial Intelligence (Frequency: 68)
Research in this area began to increase in 2022, with a median year of 2023, and maintained a high research frequency 
through 2024. This indicated that AI has remained a consistently focused area in orthopedic research.

Orthopedics (Frequency: 32)
Research in orthopedics saw a rapid rise starting in 2023, with a median year of 2024, and remained active through 2024. 
This reflected that while global AI research in orthopedics started later, it quickly became a hot topic.
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Machine Learning (Frequency: 23)
Research in machine learning significantly increased from 2021, with a median year of 2023, and continued actively 
through 2024. This demonstrated the scientific community’s sustained interest in machine learning.

Deep Learning (Frequency: 19)
Research in deep learning began to grow in 2022, with a median year of 2023, and was still ongoing in 2024.

Figure 6 Research Topic Trends at the Intersection of AI and Orthopedics from January 2010 to December 2024.

Figure 5 From January 2010 to December 2024, high-frequency keywords in the literature at the intersection of AI and orthopedics are visualized through a WordCloud 
(A), TreeMap (B), and bar chart (C) illustrating the changes in word frequency.
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ChatGPT (Frequency: 13)
Research related to ChatGPT in orthopedics started to increase in 2023, with a median year of 2024, and remained active 
through 2024. This highlighted that ChatGPT-related studies remained an important branch of AI applications in 
orthopedics.

Clustering by Coupling
After conducting a coupling cluster analysis on scientific articles related to the global application of AI in orthopedics, 20 
major clusters were identified, each with an impact score of 1.000. These clusters exhibited distinct research focuses and 
characteristics (Supplementary Figure S13). Below was a detailed description of four prominent clusters:

Cluster 1
The largest cluster, comprising 19 articles, was primarily labeled with “arthroplasty - conf 50%” and “chatbot - conf 
50%”, highlighting its dominant position. “Artificial intelligence - conf 27.7%” was another significant component. The 
centrality score of 1.0655 underscored its importance within the overall network.

Cluster 2
This cluster consisted of 13 articles, with “deep learning - conf 57.9%” as the primary label, reflecting its prominence. 
“Artificial intelligence - conf 18.5%” and “machine learning - conf 31.8%” were also key components. Its centrality 
score of 1.39, higher than Cluster 1, indicated a strong network centrality.

Cluster 3
Comprising 12 articles, this cluster was labeled with “machine learning - conf 45.5%”, while “artificial intelligence - conf 
16.9%” and “orthopedics - conf 32.3%” were notable features. With a centrality score of 1.5785, the highest among all 
clusters, it held a core position in the network, signifying substantial academic influence.

Cluster 4
This cluster included 10 articles, with “chatgpt - conf 76.9%” as the primary label. “Artificial intelligence - conf 15.4%” 
and “orthopedics - conf 19.4%” were prominent features, emphasizing their importance. Its centrality score of 1.4864, 
the second highest among all clusters, reflected its critical position in the network, similar to Cluster 3, indicating 
significant academic influence.

Through coupling cluster analysis, we not only identified the main research clusters at the intersection of AI and 
orthopedics but also revealed their centrality and impact within the research network.

Co-Occurence Network
The keyword contribution network analysis revealed that nodes represented keywords, and the connections between 
nodes indicated co-occurrence or citation relationships. In the co-occurrence network, “artificial intelligence” emerged as 
the most significant node, with the highest betweenness centrality (628.5765), a relatively high closeness centrality 
(0.0238), and a notable PageRank value (0.2822). This highlighted “artificial intelligence” as a pivotal bridge connecting 
diverse research themes and solidified its central role in the network. Additionally, “orthopedics” and “machine learning” 
were also key nodes, with betweenness centrality values of 71.2969 and 43.9792, respectively, underscoring their critical 
mediating roles (Supplementary Figure S14A).

The density map visually represented the interactions between keywords, with darker areas indicating higher co- 
occurrence frequencies or stronger relational densities. In this map, “artificial intelligence” and “deep learning” appeared 
in darker regions, signifying frequent interactions and discussions between these topics and reflecting current research 
hotspots (Supplementary Figure S14B). The degree distribution plot illustrated the number of connections each node had, 
with “artificial intelligence” and “deep learning” prominently featured (Supplementary Figure S14C). This aligned with 
their central positions in the network and indicated their extensive connections with other nodes, marking them as focal 
keywords in the research. The co-linearity network further emphasized the central role of “machine learning” and “deep 
learning” in the application of AI in orthopedic research.
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Thematic Map
By integrating Callon’s centrality and density metrics, the research topics related to AI applications in orthopedics were 
primarily divided into five clusters (Supplementary Figure S15A and B):

Artificial Intelligence (Centrality: 2.1968, Density: 37.4111, Centrality Rank: 12)
This cluster held a significant central position in the network, indicating strong connections to other topics and a high 
level of internal coherence. Its top centrality rank confirmed that artificial intelligence remained a core theme in the field.

3D Printing (Centrality: 0.8333, Callon Density: 71.6049, Centrality Rank: 11)
This cluster shared a similar centrality to artificial intelligence, suggesting that 3D printing also played a central role in 
the research network. Its higher Callon density reflected even greater internal consistency.

Machine Learning (Centrality: 0.5007, Density: 47.8924, Centrality Rank: 9)
This cluster demonstrated a notable presence in the network, with a moderate level of centrality and a relatively high 
density, indicating its importance in the field.

Arthroplasty (Centrality: 0.7708, Density: 43.75, Centrality Rank: 10)
This cluster also held a significant position, with a slightly lower centrality but a comparable density to machine learning, 
highlighting its relevance in orthopedic research.

Chatbot (Centrality: 0.4583, Density: 43.5185, Centrality Rank: 7)
This cluster, while having a lower centrality, still showed a significant level of internal coherence, indicating its growing 
importance in the domain.

Co-Citation Network
A co-citation network analysis was performed to map the core literature on AI applications in orthopedics in 2019 and 
their positions within the academic network (Supplementary Figure S16). The study by Ramkumar PN (2019) stood out 
as the most influential paper, with its high betweenness centrality and PageRank score indicating its pivotal role in the 
research community. Other significant contributions included works by Olczak J (2017) and Makhni EC (2020), which 
also held considerable importance in the field (Supplementary Figure S16A–C). These findings not only highlighted key 
contributors at the intersection of AI and orthopedics but also shed light on the interconnections and distribution of 
influence across research themes.

Collaboration Network
A thorough examination of global literature indicated that 620 authors have contributed to this field of research. 
A collaborative network was formed, consisting of authors who have published a minimum of two papers. As illustrated 
in the co-authorship network diagram, Ramkumar P.N. stood out as the most influential researcher, with his high 
betweenness centrality and PageRank scores highlighting his pivotal role within the research community. Furthermore, 
other researchers such as Pareek ayoosh and Martin r kyle, though less prominent, still occupied significant positions in 
the network, demonstrating their active involvement and impact in the co-authorship network of the literature 
(Supplementary Figure S17).

Countries’ Collaboration World Map
When analyzing the patterns and trends in global scientific research collaboration, it became evident that the most 
frequent occurrence of cooperation was twice. Although most countries engaged in extensive collaborative networks, the 
frequency of these partnerships remained relatively limited (Supplementary Figure S18).
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Literature Recommendation
By evaluating global academic literature, 10 influential papers were identified based on their impact factor (Table 1). 
Furthermore, 10 frequently cited papers were selected according to their citation metrics (Table 2).

Table 1 High-Scoring Recommended Literature Based on the Impact Factor Criteria

Rank Article Title Release 
Time

Journal Impact 
Factor

Ref.

1 An Artificial Intelligence-driven Revolution in Orthopedic 

Surgery and Sports Medicine.

2024/12/ 

23

INTERNATIONAL JOURNAL OF 

SURGERY

12.5 [5]

2 Clinical applications and prospects of 3D printing guide 
templates in orthopaedics.

2022/5/ 
26

JOURNAL OF ORTHOPAEDIC 
TRANSLATION

5.9 [6]

3 3D printing metal implants in orthopedic surgery: Methods, 

applications and future prospects.

2023/9/7 JOURNAL OF ORTHOPAEDIC 

TRANSLATION

5.9 [7]

4 Large Language Models for Therapy Recommendations 

Across 3 Clinical Specialties: Comparative Study.

2023/10/ 

30

JOURNAL OF MEDICAL INTERNET 

RESEARCH

5.8 [8]

5 Use of Artificial Intelligence in Cobb Angle Measurement for 
Scoliosis: Retrospective Reliability and Accuracy Study of 

a Mobile App.

2024/11/ 
1

JOURNAL OF MEDICAL INTERNET 
RESEARCH

5.8 [9]

6 Examining the Role of Large Language Models in Orthopedics: 
Systematic Review.

2024/11/ 
15

JOURNAL OF MEDICAL INTERNET 
RESEARCH

5.8 [10]

7 Integrating ChatGPT in Orthopedic Education for Medical 

Undergraduates: Randomized Controlled Trial.

2024/8/ 

20

JOURNAL OF MEDICAL INTERNET 

RESEARCH

5.8 [11]

8 Can natural language processing provide accurate, automated 

reporting of wound infection requiring reoperation after 

lumbar discectomy?

2020/3/8 SPINE JOURNAL 4.9 [12]

9 Artificial Intelligence in the Management of Rotator Cuff 

Tears.

2022/12/ 

23

INTERNATIONAL JOURNAL OF 

ENVIRONMENTAL RESEARCH AND 

PUBLIC HEALTH

4.614 [13]

10 Deep learning models for tendinopathy detection: 

a systematic review and meta-analysis of diagnostic tests.

2024/10/ 

3

EFORT OPEN REVIEWS 4.3 [14]

Table 2 Identify Highly Cited Literature Based on Citation Count

Rank Article Title Release 
Time

Journal Impact 
Factor

Citation 
Count

Ref.

1 Artificial intelligence for analyzing orthopedic trauma 
radiographs.

2017/7/7 ACTA 
ORTHOPAEDICA

2.5 135 [15]

2 Artificial Intelligence, Machine Learning, Deep Learning, and 

Cognitive Computing: What Do These Terms Mean and How 
Will They Impact Health Care?

2018/4/ 

17

JOURNAL OF 

ARTHROPLASTY

3.4 58 [16]

3 Development and Validation of a Machine Learning Algorithm 
After Primary Total Hip Arthroplasty: Applications to Length of 

Stay and Payment Models.

2019/1/ 
23

JOURNAL OF 
ARTHROPLASTY

3.4 40 [17]

4 Machine Learning and Artificial Intelligence: Definitions, 
Applications, and Future Directions.

2020/1/ 
27

CURRENT REVIEWS IN 
MUSCULOSKELETAL 

MEDICINE

24 [18]

5 Artificial Intelligence and Arthroplasty at a Single Institution: 
Real-World Applications of Machine Learning to Big Data, 

Value-Based Care, Mobile Health, and Remote Patient 

Monitoring.

2019/7/9 JOURNAL OF 
ARTHROPLASTY

3.4 23 [19]

(Continued)
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Discussion
Major Findings
Our findings indicated that AI applications have gradually become a research hotspot in orthopedics, with publication 
numbers peaking in 2024. The Hospital for Special Surgery played a significant role in this field. Journals such as 
Frontiers in Surgery, Journal of Arthroplasty, Journal of Medical Internet Research, and Orthopedics, led with the 
highest number of publications. Researchers like Ramkumar Prem N., Haehberle Heather S., Pareek Ayoosh, Jeyaraman 
Madhan, and Martin R. Kyle made substantial contributions to this field. China and the USA were major contributors. 
The works by Olczak Jakub (2017) and Bini Stefano A. (2018) were the most frequently cited.15,16 Key terms such as 
“machine learning”, “deep learning”, “ChatGPT”, “3D printing”, and “arthroplasty” emerged as the most popular topics. 
Despite the extensive research conducted on AI applications in orthopedics across numerous countries, international 
collaboration remained relatively limited.

Future Directions
The application of machine learning in orthopedics not only enhanced the accuracy and efficiency of clinical decision- 
making but also provided extensive opportunities for future research and application. Its use in orthopedic oncology has 
notably enhanced the accuracy of clinical decisions. By developing predictive models based on large datasets, machine 
learning can generate outputs without explicit instructions, thereby aiding in clinical predictions. These models excelled 
at predicting survival rates for primary sarcomas and metastatic bone diseases. However, their robustness must be 
evaluated according to standardized guidelines to ensure their applicability across different clinical settings.23,24 

Additionally, machine learning has shown potential in predicting and preventing periprosthetic infections after total 
knee arthroplasty. Through machine learning techniques, preoperative health optimization and surgical planning can be 
conducted, early infection diagnosis can be achieved, appropriate antibiotics can be administered promptly, and clinical 
outcomes can be predicted. These applications not only increased the success rate of surgery but also reduced the 
incidence of postoperative complications. However, current machine learning applications still faced limitations, such as 
the need for large datasets and insufficient external validation, which required further research to overcome these 
challenges.25 Furthermore, the integration of social health determinants into machine learning models for orthopedic 
prognosis was gradually gaining attention. Studies showed that social health determinants played a crucial role in the 
outcomes of orthopedic treatments. Therefore, considering these factors when developing machine learning models can 
help reduce potential differences and biases. However, most current models still had limited consideration of these 

Table 2 (Continued). 

Rank Article Title Release 
Time

Journal Impact 
Factor

Citation 
Count

Ref.

6 Deep Learning Artificial Intelligence Model for Assessment of 
Hip Dislocation Risk Following Primary Total Hip Arthroplasty 

From Postoperative Radiographs.

2021/3/5 JOURNAL OF 
ARTHROPLASTY

3.4 16 [20]

7 Clinical applications and prospects of 3D printing guide 
templates in orthopaedics.

2022/5/ 
26

JOURNAL OF 
ORTHOPAEDIC 

TRANSLATION

5.9 11 [6]

8 Can natural language processing provide accurate, automated 
reporting of wound infection requiring reoperation after lumbar 

discectomy?

2020/3/8 SPINE JOURNAL 4.9 11 [12]

9 Artificial Intelligence: Bayesian versus Heuristic Method for 
Diagnostic Decision Support.

2018/6/ 
14

APPLIED CLINICAL 
INFORMATICS

2.1 8 [21]

10 Intelligent Control Wheelchair Using a New Visual Joystick. 2018/3/ 

31

JOURNAL OF 

HEALTHCARE 
ENGINEERING

3.822 8 [22]
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factors during development. Future research should focus on improving the quality of model development to avoid bias 
and inequality in orthopedic applications.3 With the continuous advancement of technology, machine learning was 
expected to play an even greater role in the field of orthopedics.

Deep learning has garnered significant attention in orthopedics, demonstrating substantial clinical value across 
various domains. Its applications in orthopedics encompassed fracture detection, bone tumor diagnosis, implant recogni
tion, and the assessment of osteoarthritis severity. These applications frequently offered more accurate and efficient 
diagnoses compared to traditional methods, thereby decreasing diagnostic time and costs for both patients and orthopedic 
practitioners.26 Moreover, deep learning was also being used to accelerate the reconstruction of magnetic resonance 
imaging for knees and ankles. Research indicated that sequences reconstructed using deep learning matched traditional 
sequences in diagnostic performance and image quality while halving the acquisition time. This technology enhanced 
clinical efficiency and reduced patient discomfort during examinations.27 Lastly, current research hotspots in orthopedics 
involving deep learning included the identification and classification of bone tumors and osteoporosis. Future research 
directions may focus on reducing intraoperative risks, predicting postoperative complications, screening for osteoporosis, 
and identifying and classifying bone tumors from routine imaging. Exploring these areas will further advance the 
application and development of deep learning in orthopedics.28

The application of ChatGPT in orthopedics extended beyond clinical practice to encompass education and research, 
demonstrating its considerable potential to enhance medical efficiency and educational quality. Its use in orthopedic trauma 
surgery has shown that it can provide valuable and generally accurate answers. Studies have indicated that ChatGPT can generate 
adaptable responses tailored to different target groups, including patients, non-orthopedic doctors, and orthopedic experts, 
achieving high scores for accuracy, completeness, and adaptability.29 Moreover, the application of ChatGPT in orthopedic 
education has yielded notable results. A randomized controlled trial found that medical students who utilized ChatGPT as 
a learning tool performed better on orthopedic tests compared to those in the control group who did not use AI tools. This 
suggested that ChatGPT had the potential to enhance both short-term and long-term learning outcomes, supporting its integration 
into medical education.11 Additionally, a systematic review of large language models in orthopedics highlighted the potential 
applications of ChatGPT in various domains, including clinical practice, education, research, and management. While ChatGPT 
cannot yet fully replace orthopedic professionals, it can significantly improve work efficiency as an auxiliary tool.10

The application of 3D printing technology in orthopedics was rapidly expanding, particularly in arthroplasty, where it 
demonstrated significant potential and advantages. The 3D printing technology enabled the production of highly customized 
implants tailored to a patient’s specific anatomical structure and disease characteristics, thereby enhancing surgical precision 
and postoperative recovery outcomes.30 In joint replacement surgery, 3D printing technology served multiple purposes, 
including the manufacturing of personalized implants, preoperative planning, and surgical navigation. By integrating medical 
imaging techniques such as CT and MRI, 3D printing can accurately replicate the anatomical structure of damaged tissues, 
aiding surgeons in developing more precise surgical plans. This application not only mitigated excessive mechanical stress and 
stress shielding effects but also enhanced biocompatibility and functionality, promoting angiogenesis and bone growth.7 

Moreover, the use of 3D printing in orthopedics extended to innovations in biomaterials. For instance, 3D-printed biomaterials 
can be employed in bone tissue engineering, offering improved pore structures that supported cell proliferation and 
differentiation, thus enhancing bone regeneration efficiency. These advancements provided better options for personalized 
treatment and bone defect repair, with significant research value in orthopedic applications.31

Implications, Limitations, and Strengths
From a research perspective, the identification of evolving hotspots, such as AI-based diagnostics, ChatGPT, and 3D 
printing, can guide future studies toward high-impact and underexplored areas. For clinical practice, understanding global 
trends in AI applications may help orthopedic professionals anticipate technological advancements and prepare for 
integration into workflows. The analysis also provided valuable insights for policymakers and funding agencies, high
lighting regions and institutions actively contributing to AI-driven orthopedic innovation, thereby informing strategic 
investment and international collaboration. Furthermore, this study can aid in shaping educational and training programs 
by emphasizing key areas where AI literacy will become increasingly important in orthopedic care. The findings of this 
bibliometric analysis have several important implications.
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This study had several limitations. Firstly, the data were sourced exclusively from the PubMed database, which may 
have led to the omission of relevant articles indexed in other databases such as Web of Science or Scopus. Secondly, 
although the search strategy aimed to be as comprehensive as possible, it may not have captured all relevant articles due 
to variations in terminology and indexing practices. Additionally, bibliometric analysis itself had inherent limitations, 
including reliance on publication volume rather than research quality, and limited insight into clinical validation or real- 
world effectiveness of AI tools. Many AI applications reported in orthopedic literature may still be in early stages of 
development and lack external validation, limiting the generalizability of their perceived impact.

Despite these limitations, this study offered several strengths. It provided a systematic and reproducible overview of 
global research trends using a widely accepted bibliometric platform (Bibliometrix), ensuring methodological transpar
ency. By mapping thematic clusters, leading contributors, and emerging topics, the study offered a valuable resource for 
researchers, clinicians, and policymakers seeking to understand and shape the future of AI in orthopedics.

Conclusion
In recent years, the influence of artificial intelligence in the field of orthopedics has been steadily growing, marking a potential 
turning point toward an AI-driven era. Key applications, such as AI-based diagnostics, ChatGPT and 3D printing, were 
shaping the evolution from precision diagnostics to personalized treatment strategies. This study employed bibliometric 
analysis to identify research trends and hotspots in the interdisciplinary field of artificial intelligence and orthopedics, 
providing valuable insights for future investigations. While the study has certain limitations, such as reliance on publication 
databases and keyword selection, these should be considered when interpreting the broader applicability of the findings. 
Nonetheless, the results served as a useful reference for researchers and policymakers aiming to advance the field.
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