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ARTIFICIAL INTELLIGENCE IN ORTHOPAEDICS: GLOBAL OUTPUT, INVESTMENT IMPACT AND RESEARCH TREND ANALYSIS
 
ABSTRACT
INTRODUCTION: Artificial intelligence revolution promises several potential applications in every facet of healthcare delivery, examples of which include precision medicine, improved disease treatment, reduction in diagnostic error, patient’s data analytics, medical robotics, patients’ triaging, personalized care, virtual assistance, drug discovery and biomedical research. The field of orthopaedics is broad and technology driven, and researchers continue to explore the use of artificial intelligence in orthopaedics. The objective of this present study is to assess the current global output of AI-related publications in orthopaedics, and how this has been impacted by the overall investment in artificial intelligence.
METHODS: The literature search for the study was conducted in PubMed on 10th August, 2025 using pubmedR. The search strategy used was “Artificial intelligence* OR Machine learning[Title/Abstract]) AND Orthopaedic* AND english[LA] AND Journal Article[PT] AND 2000:2025[DP]", and all retrieved data were downloaded into the R environment for data manipulation and analysis using bibliometrix and folium packages.
RESULTS: The total document initially retrieved from the search query in PubMed was 2822. Following data cleaning, removal of duplicates and exclusion of publications with important missing data, 2604 document was included for further analysis. United States of America, China and Canada are the top three countries with the highest number of publications. There is a significant correlation between the amount of investment in artificial intelligence and the number of artificial intelligence-related publications (r=0.8;
CI: 0.71 -0.93; P < 0.0001). Deep learning technique is the most commonly used machine learning techniques in orthopaedics.
CONCLUSION: There is a growing interest in maximizing the potentials of artificial intelligence in orthopaedic practice, and this is mainly driven by the investment drive in artificial intelligence by the global powers.
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1. INTRODUCTION
The term artificial intelligence (AI) was first used at a conference in Dartmouth in 19561, and the first clinical application was in 1971 through the use of a search algorithm to arrive at a clinical diagnosis, based on patient’s presenting complaints.2 This initial enthusiasm drowned, and it was followed by a period generally known as the “AI winter”. This period, between 1970s and 2000s, witnessed reduced interest and funding in AI development, majorly due to the initial limitations and setbacks experienced by researchers during this period.3 With the advancement in machine learning (ML) and subsequent introduction of deep learning (DL) techniques, there has been a renewed interest in the clinical application of AI in healthcare delivery.4
AI revolution promises several potential applications in every facet of healthcare delivery, examples of which include precision medicine, improved disease treatment, reduction in diagnostic error, patient’s data analytics, medical robotics, patients’ triaging, personalized care, virtual assistance, drug discovery and biomedical research.5 Many of these clinically relevant applications are presently being used in many fields of medicine like oncology, radiology, cardiology, critical care and emergency care, public health, and surgery.6 
The field of orthopaedics, like other surgical specialties, is broad and technology driven. Biomaterials in orthopaedics, implant design and selection, diagnostic imaging, and robotics surgery are all aspect of orthopaedics that have seen advancement through technology and use of AI.7-9 Like every other innovation, however, there may be regional differences in the adoption, integration, and clinical use of AI in orthoapedics, especially with regards to developed and developing countries. Also, most of the major investment drive in AI are by the industrialised nations, notably USA, China, and the United Kingdom.10 This has several implications with respect to global burden of diseases, life expectancy, disability-adjusted life year (DALY’s) and patient reported outcomes measures (PROM’s), because technologically advanced countries are more likely to report better health indices compared to countries with limited technology drive.11,12 It is also expected that countries investing heavily in the AI revolution are more likely to document and publish their experiences.13,14  
There are few previous studies that have attempted to summarise the role and impact of AI in orthopaedics15,16, but there are still some research gaps unattended to by these studies due to the nature of such studies. There is presently a gap in the literature on how the investment drive in AI revolution is impacting the practice and research focus of orthopaedics care. There is also little knowledge on whether a correlation exist between the number of AI-related orthopaedic publications produced by a country and the amount of investment in AI committed by such country. Due to the several challenges presently being experienced in many Low- and Middle-income countries (LMIC), compared to their counterparts in the High-Income countries (HIC), it is easy to assume that there will be regional differences in how AI is being used in orthopaedics and the number of publications emanating from these regions. 17,18 
The objective of this present study is threefold: (1) to assess the current global output of AI-related publications in orthopaedics (2) to assess if a relationship exists between the investment drive in AI at country level, and the number of publications (3) to identify the research focus in orthopaedics that are driven by AI.

2. METHODOLOGY
2.1 LITERATURE SEARCH
The literature search for the study was conducted in PubMed on 10th August, 2025 using pubmedR 19, an R package that gather metadata from 'PubMed' database. It uses the National Institutes of Health (NIH) REST APIs to connect to the PubMed database. The PubMed database was used because of the advantages it has, which are (1) free accessibility (2) easy to use interface (3) it covers most of the published medical literature (4) it is the most commonly used database in the biomedical fields.20
[bookmark: _Hlk210552201]The search strategy used was “Artificial intelligence* OR Machine learning[Title/Abstract]) AND Orthopaedic* AND english[LA] AND Journal Article[PT] AND 2000:2025[DP]", and all retrieved data were downloaded into the R environment for further analysis. 
2.2 DATA EXTRACTION
The downloaded metadata was manipulated to remove all duplicates. Subsequently, each article in the collection had its title, abstracts and keywords searched to ensure that only articles related to artificial intelligence in orthopaedics were included for further analysis. All articles whose scope were outside the use of artificial intelligence in orthopaedics were excluded. Also, all retrieved articles with important missing data necessary for the analysis were excluded. The following information were extracted from each document: first author’s name, first author’s country, year of publications, authors keywords, title, abstract, and document type. This present study focused more on the role of first author, considering most of the intellectual work are usually done by the first author, and the advocacy that the first author should be given equall importance as the corresponding author.21 Also, using the country where the first author is domiciled as our unit of analysis is more representative of the country where the research idea is originating from. Information was also sought on the investment made by each country on AI development. 22,23 All extracted data were saved in the R environment into a Microsoft Excel spreadsheet (Microsoft, Redmond, WA, USA) for further data manipulation and analysis. 
2.3 DATA ANALYSIS
From the extracted data, the following analysis were done: a summary of all the publications included for analysis; number of AI-related orthopaedic publications over the year; a choropleth map showing the global distribution of AI-related orthopaedic publications; document type and authors’ dominance were extracted from the metadata and tabulated; country collaboration; most productive author; keyword cooccurrence and mapping. A Pearson correlation was conducted between the total investment made on AI per country and the number of AI-related orthopaedic publications. Because not all countries had data on the total investment made on AI, the Pearson correlation analysis was only done for countries which had complete data. The impact of a country not having data on the total investment made on AI development was further evalutated. All analyses were done using Bibliometrix 24, an R package, and Folium 25, a python library. Bibliometrix is an R package specifically designed for comprehensive bibliometrics analysis and visualization studies, while Folium makes visualization of data that’s been manipulated in Python easy on an interactive leaflet map. Statistical significance level was set at P ≤ 0.05.

3. RESULTS
 The total document initially retrieved from the search query in PubMed was 2822. Following data cleaning, removal of duplicates and exclusion of publications with important missing data, 2604 document was included for further analysis. fig 1 shows the PRISMA flow chart from the search query to the document included in the study. The various document types analysed in this present study are shown in table 1. As shown in fig 2, There was initially a gradual increase in the number of publications from 2000 to 2017, and this was followed by a rapid increase from 2017 till it peaked in 2024. The total publication in 2024 was 779, and the period under study witnessed an annual growth rate of 29.1%.
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Figure 1 showing the PRISMA flowchart
3.1 GLOBAL OUTPUT
A total of 97 countries, considering the country of first authors and all co-authors, have contributed to AI-related orthopaedic publications. Extracting and mapping only the first author’s country, however, reduced the number of countries to 68. USA (670 publications), China (608 publications), and Canada (134 publications) top the table. Other countries with at least over hundred publications are Australia, Germany and Japan. The global output is shown in fig 3. 

Table 1 The document type and thier frequency
	Document Types                   
	Frequency

	 Case reports                      
	4

	 Clinical trial                    
	3

	 Clinical trial protocol           
	6

	 Clinical trial, phase iii         
	1

	 Comparative study                 
	11

	 Controlled clinical trial         
	3

	 Editorial                         
	1

	 Evaluation study                  
	7

	 Guideline                         
	1

	 Historical article                
	1

	 Introductory journal article      
	1

	 Journal article                   
	2503

	 Meta-analysis                     
	2

	 Multicenter study                 
	9

	 Observational study               
	1

	 Practice guideline                
	1

	 Preprint                          
	5

	 Randomized controlled trial       
	11

	 Review                            
	11

	 Scoping review                    
	1

	 Systematic review                 
	
	
	21
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Figure 2 Number of publications on use of artificial intelligence in orthopaedics per year
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Figure 3 Choropleth map showing the Number of publications per country using the country of the first author
3.2 COUNTRY INVESTMENT DRIVE AND THE NUMBER OF PUBLICATIONS
Evaluation of the investment drive by each country shows the United States of America leading other countries with a wide margin ($471B total investment as at 2024), followed by China ($119B total investment as at 2024), and United Kingdom ($28B total investment as at 2024). As shown in fig 4 , most of the countries with relevant data on investment on AI are from Europe. Interestingly, there are countries from LMIC making major investment in AI development, and these countries are India, Brazil, Mexico, Turkey and Argentina. 
[image: ]
Figure 4  showing total AI investment per Country from 2013 to 2024
It can be observed that the higher the total number of investments on AI by a country, the higher the number of AI-related orthopaedic publications. Further analysis to establish this relationship shows the Pearsons correlation coefficient between the amount of investment in AI by a country and the number of AI-related publications to be 0.8 (CI: 0.71 -0.93; P < 0.0001).
Also, the impact of lack of investment data by a country across continents was further investigated.  As shown in fig 5, majority of the countries with no data on AI investment who had published an AI-related document were from Europe and Asia. There were six African countries, also with no data on investment in AI, but which had also published AI-related document (see fig 6). Further analysis shows that the distribution of countries with no data on investment in AI, between HIC and LMIC, is the same (see fig 7), while the HIC consistently have higher number of publications than LMIC, whether they have data on AI investment or not.
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Figure 5Number of countries per continent with no data on investment in AI
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Figure 6 African countries where first authors have contributed to AI-related publications in orthopaedics
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Figure 7 Showing a sunburst chart of the distribution of countries across continents and income level
3.3 MOST PRODUCTIVE FIRST AUTHORS
The most productive first author, globally, that has published articles involving application of AI in orthopaedics is Kunze KN, while other first authors who had published at least ten articles related to application of AI in orthopaedics are listed in table 2. The most productive author, however, considering author’s role as either first author or co-author is Zhang Y, who has published sixty-eight articles (see table 3) for list of the first twenty authors that have published articles related to application of AI in orthopaedics).
Table 2 showing the list of the most productive authors
	Authors                                                     
	                             Country
	Frequency

	KUNZE KN
	                              USA
	20  

	LI W
	                             CHINA
	12

	LU Y
	                              USA
	12

	SHAH AA
	                             KOREA
	11

	KLEMT C
	                               USA
	10

	RAMKUMAR PN
	                               USA
	10



3.4 AUTHOR’S DOMINANCE
The author with the overwhelming influence as the first author in collaborative network regarding AI-research related publications is Kunze KN, with a dominant factor of 0.57 and a total publication of thirty-five articles as shown in table 2.
3.5 COUNTRY COLLABORATION
As shown in fig 8, most collaborations occur frequently among developed countries. Most LMIC experience few collaborations, either with other HIC or other LMIC.
3.6 KEYWORD CO-OCCURRENCE
A mapping of the keywords, as shown in fig 9, revealed that artificial intelligence/machine learning has been applied most frequently to arthroplasty, spine disease, osteoarthritis, trauma, and radiomics. Other frequently co-occurring keywords are prediction, modelling, and prognosis. The most commonly used AI algorithm is deep learning (see supplementary file table 5). 
Table 3 Showing the first 20 authors (either as first author or co-author) with the highest number of AI-related publications in orthopaedics
	   Authors                           Articles               Authors                                Articles Fractionalized

	1    ZHANG Y                       68                        SCHWAB JH                                  7.02

	2    LI W                                59                        ZHANG Y                                       6.87

	3    SCHWAB JH                  51                        KUNZE KN                                    5.8

	4    WANG Y                        48                        LI W                                                5.47

	5    WANG H                        42                        WANG H                                        5.23

	6    LIU Y                             41                         KARHADE AV                              5.20

	7    LI X                                40                          LI X                                                4.66

	8    KARHADE AV             39                          LIU Y                                             4.41

	9    WANG X                       39                          LI Z                                                4.40

	10   ZHANG H                     39                         WANG Y                                       4.33

	11   LIU X                            37                         DOORNBERG JN                         4.31

	12   DOORNBERG JN        35                         WANG X                                       4.29

	13   KUNZE KN                  35                         ZHANG J                                       4.28

	14   LI Y                               35                         KWON YM                                   4.15

	15   LI Z                               35                         LI Y                                                4.09

	16   ZHANG J                      35                         LIU J                                              4.04

	17   ZHANG X                  35                       PAREEK A                                          3.97

	18   ZHANG Z                   34                      RAMKUMAR PN                                3.96

	19   LIU J                           33                      COLLINS GS                                       3.93

	20   PAREEK A                 33                      WANG D                                             3.88
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Figure 8 Showing collaborations among countries
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Figure 9 Showing the keyword co-occurrence
4. DISCUSSION
 Integrating the potentials of AI into orthopaedic practice has drawn the attention of many researchers globally, as evidenced by the gradual increase in the number of AI-related orthopadic publications seen over the years. As shown in this study, AI-related orthopaedic publication has covered all levels of evidence in the literature, ranging from case reports to systematic reviews and meta-analysis. Also, it has found relevance in every aspect of orthopaedics, including joint replacement surgeries, spine surgeries, imaging, education, and patient reported outcomes. This shows the versatility of AI in orthoapedics and it is expected that the applications of AI in orthoapedics will continue to grow.
 This study has shown that there is a significant strong correlation between a country’s investment in AI and the number of AI-related orthopaedic publications emanating from such a country. The top three countries with major investment in AI are USA, China and the United Kingdom. This is reflected in their higher number of publications, though Canada, Australia, Japan, Germany and South Korea have more publications than the United Kingdom, despite the United Kingdom having more investment in AI than them. This finding is inconsistent with the results of authors who have similarly mapped research output by countries.26,27 While the reason for this inconsistent result is not immediately apparent from this present study, possible explanations may include improved educational systems, general support for research by some of these countries, higher number of researchers in AI, increased Gross Domestic Product (GDP), and higher number of populations.28,29 The total private investment in AI by USA in 2024 is twelve times the investment by China, and twenty-four times the investment by the United Kingdom.30 It has been shown that the global competitive environment has contributed to an increase in academic research on AI.31 Though China is keenly catching up, USA still leads in the number of AI-related orthoapedic publications, both in the total number of authors and in the number of first authors. Out of the first twenty authors, ranked by the number of publications as first author, who have published an AI-related articles in orthopaedics, seven are from the United State of America, while five are from China. The emphasis on the first authorship in this study is to identify and highlight the origin of intellectual property regarding any publication.
The regional divide between developed and developing countries is however very obvious, considering the low number of publications from LMIC. This poor contribution from LMIC may be due to previously identified challenges such as lack of ethical and regulatory frameworks, education and change resistance, financial resources, infrastructure and connectivity, scalability, methodology, and contextual awareness facing this region.32 Considering the impact of orthopaedic care in achieving the primary objectives of global surgery 33,34, and understanding the role of AI in implementing the core values of global surgery 35, there is a need to foster more collaborations among researchers in both the developed and developing countries with regards to applying AI in orthopaedics and trauma care.  
International collaboration foster creativity, increases productivity, provides visibility to less developed countries, and enhances transfer of knowledge.36 According to the Nature Index 37, however, the inequity in international collaboration between the global north and global south researchers is still alarming. This observation is unequivocally noted in this present study, where majority of the collaborations were among the high-income countries, and only few collaborations between the global north and the global south. A similar finding had earlier been reported by Cao and colleague in their study 38, where they noted that strong collaborations among researchers on AI was common among developed countries, while the collaborations between developed and developing countries were weak and few. Observing a similar trend, five years after their study, is worrisome. As noted by E. Megnigbeto 39, and also observed in this present study, there is a weak collaboration among member nations of LMIC. With a projection that the role of AI in orthopedics will continue to rise, it is imperative for government and institutions in LMIC to increase research funding and infrastructure, else they will be left behind in the global AI race, as it relates to orthopaedics and trauma care.
 Though there are several aspects of orthopaedics that AI has been found useful, this current study reveals that the use of AI is more common in joint replacement surgeries (arthroplasty), spine surgeries, trauma and radiomics. One common feature striking to all these subspecialties is that they are all technology driven. For example, AI algorithm has proven more beneficial in pre-operative planning, intra-operative decision-making, and personalized post-operative care in patients undergoing total joint replacement surgeries.40 The traditional processes involved in these procedures are labour intensive and are laden with human error. Hence, it is not surprising that current researches are focused on using AI to simplify these processes to maximize efficiency and improve patient outcomes.  Similarly, spine surgery is an area in orthopaedics that requires meticulous pre-operative planning and precision in intra-operative pedicle screw placement. The use of AI, augmented reality and virtual reality in this field has increased accuracy in pedicle screw placement, enhanced visualization, reduced radiation exposure, and reduced intraoperative complications.41 While this progress has been made, it is undeniable that the true potential of AI in spine surgery may yet be unlocked.42 It is therefore expected that research focusing on application of AI in spine surgery will continue to grow. This is expected for other areas in orthopaedics like trauma and radiomics. 43,44
As seen in this study, the machine learning algorithm with the most frequent keyword co-occurrence is deep learning. Since its introduction in the early 2000s, deep learning has been dominating most of the machine learning applications.45,46 This is because of the advantages deep learning has over classic machine learning algorithm, such as demonstrating unequal capacity for recognizing complex patterns.47,48 Also, feature selection in deep learning is automatic and precise49, which makes the techniques suitable for image data analysis, an important and core component of clinical evaluation in orthopaedics. Because of its very wide applications, versatility, integration with other technologies like robotic surgeries, and its advantages over traditional machine learning techniques, it is predicted that the application of deep learning techniques to the practice of orthopaedics will continue to grow.49
4.2 CONCLUSION
There is a growing interest in maximizing the potentials of artificial intelligence in orthopaedic practice, as evident by the increased research output in AI-related orthopaedic publications. Most of the AI-related publications in orthopaedics are from the top industrialised nations currently involved in the global AI race. While China is keenly catching up, United State of America still lead in both the number of AI-related orthopaedic publications and the total investment in AI. The LMIC appear not to be catching up with the frenzy being witnessed currently with the AI revolution, especially as it relates to orthopaedics and trauma care, considering the few numbers of AI-related publications emanating from this region, and the poor collaborative effort with other countries, both HIC and LMIC. This demand a clarion call from major stakeholders, both locally and internationally, to remedy this regional divide if the goals of global surgery are to be achieved. Deep learning is currently dominating most of the AI techniques in orthopaedics, and it is expected that its relevance will spread across wider applications in orthopaedics in the coming years. 
4.1 LIMITATIONS
This present study is not without limitations. A single database, the PubMed database, was used in this study, and even though it covers most of the biomedical literature and it is the most commonly used database in the biomedical field, it is possible that some literature on the present topic could have been missed. Secondly, some of the retrieved publications were excluded from the final analysis because of missing data that were important for the analysis, and exclusion of these data could have affected the final result. Lastly, this study did not use citations count to rank either the country, authors or document. Because the citation count in PubMed is only limited to other articles within PubMed, using the citation count from PubMed to rank the countries or authors will not be appropriate. The citation given by PubMed may not be an accurate representation of the total citations of a document. 


DECLARATION
[bookmark: _GoBack]ETHICAL APPROVAL
Not applicable
USE OF GENERATIVE AI
The authors declare that generative AI was not used in the preparation of this manuscript. 
AVAILABILITY OF DATA AND MATERIALS
All data generated or analysed during this study are included in this published article [and its supplementary information files].
CONFLICT OF INTEREST
Authors declare no conflict of interest
COMPETING INTERESTS DISCLAIMER:
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.

REFERENCES
1. Russell, S. J. & Norvig, P. Artificial Intelligence: A Modern Approach (Prentice Hall, New Jersey, 2010).
2. Hirani R, Noruzi K, Khuram H, Hussaini AS, Aifuwa EI, Ely KE, Lewis JM, Gabr AE, Smiley A, Tiwari RK, Etienne M. Artificial Intelligence and Healthcare: A Journey through History, Present Innovations, and Future Possibilities. Life (Basel). 2024 Apr 26;14(5):557. doi: 10.3390/life14050557. PMID: 38792579; PMCID: PMC11122160.
3. Kaul V, Enslin S, Gross SA. History of artificial intelligence in medicine. Gastrointest Endosc. 2020 Oct;92(4):807-812. doi: 10.1016/j.gie.2020.06.040. Epub 2020 Jun 18. PMID: 32565184.
4. Habehh H, Gohel S. Machine Learning in Healthcare. Curr Genomics. 2021 Dec 16;22(4):291-300. doi: 10.2174/1389202922666210705124359. PMID: 35273459; PMCID: PMC8822225.
5. Mudgal SK, Agarwal R, Chaturvedi J, Gaur R, Ranjan N. Real-world application, challenges and implication of artificial intelligence in healthcare: an essay. Pan Afr Med J. 2022 Sep 2;43:3. doi: 10.11604/pamj.2022.43.3.33384. PMID: 36284890; PMCID: PMC9557803.
6. Zuhair V, Babar A, Ali R, Oduoye MO, Noor Z, Chris K, Okon II, Rehman LU. Exploring the Impact of Artificial Intelligence on Global Health and Enhancing Healthcare in Developing Nations. J Prim Care Community Health. 2024 Jan-Dec;15:21501319241245847. doi: 10.1177/21501319241245847. PMID: 38605668; PMCID: PMC11010755.
7. St Mart JP, Goh EL, Liew I, Shah Z, Sinha J. Artificial intelligence in orthopaedics surgery: transforming technological innovation in patient care and surgical training. Postgrad Med J. 2023 Jun 30;99(1173):687-694. doi: 10.1136/postgradmedj-2022-141596. PMID: 37389584.
8. Hui AT, Alvandi LM, Eleswarapu AS, Fornari ED. Artificial Intelligence in Modern Orthopaedics: Current and Future Applications. JBJS Rev. 2022 Oct 3;10(10). doi: 10.2106/JBJS.RVW.22.00086. PMID: 36191085.

9. Vaishya R, Haleem A. Technology and orthopaedic surgeons. J Orthop. 2022 Aug 17;34:414-415. doi: 10.1016/j.jor.2022.08.018. PMID: 36568652; PMCID: PMC9780058.

10.  Tambiama Madiega with Rafał Ilnicki; Graphics: Eulalia Claros, Members' Research Service PE 760.392 – March 2024

11. Ngepah N, Saba CS, Mouteyica AEN, Ohonba A. The impact of artificial intelligence (AI) on maternal mortality: evidence from global, developed and developing countries. Global Health. 2025 Jul 28;21(1):41. doi: 10.1186/s12992-025-01135-2. PMID: 40722036; PMCID: PMC12306034.
12. Jung YL, Hwang J, Yoo HS. Disease burden metrics and the innovations of leading pharmaceutical companies: a global and regional comparative study. Global Health. 2020 Sep 10;16(1):80. doi: 10.1186/s12992-020-00610-2. PMID: 32912258; PMCID: PMC7481343.
13. Färber, M., Tampakis, L. Analyzing the impact of companies on AI research based on publications. Scientometrics 129, 31–63 (2024). https://doi.org/10.1007/s11192-023-04867-3
14. Zhang, X., Wang, X., Zhao, H. et al. An effectiveness analysis of altmetrics indices for different levels of artificial intelligence publications. Scientometrics 119, 1311–1344 (2019). https://doi.org/10.1007/s11192-019-03088-x
15. Turgut N, Beyaz S. The 100 most cited articles in artificial intelligence related to orthopedics. Front Surg. 2024 Apr 17;11:1370335. doi: 10.3389/fsurg.2024.1370335. PMID: 38712339; PMCID: PMC11072182.
16. Wu S, Miao Y, Mei J, Xiong S. The Rise of Artificial Intelligence in Orthopedics: A Bibliometric and Visualization Analysis. J Multidiscip Healthc. 2025 Sep 23;18:6037-6050. doi: 10.2147/JMDH.S536633. PMID: 41019150; PMCID: PMC12476196.
17. Banatwala UESS, Ibrahim MT, Shaikh RH, Shahzad H, Hoodbhoy Z, Noordin S. A comprehensive exploration of artificial intelligence in orthopaedics within lower-middle-income countries: a narrative review. J Pak Med Assoc. 2024 Apr;74(4 (Supple-4)):S90-S96. doi: 10.47391/JPMA.AKU-9S-14. PMID: 38712415.
18. Oduoye MO, Fatima E, Muzammil MA, Dave T, Irfan H, Fariha FNU, Marbell A, Ubechu SC, Scott GY, Elebesunu EE. Impacts of the advancement in artificial intelligence on laboratory medicine in low- and middle-income countries: Challenges and recommendations-A literature review. Health Sci Rep. 2024 Jan 4;7(1):e1794. doi: 10.1002/hsr2.1794. PMID: 38186931; PMCID: PMC10766873.
19. Aria M (2024). pubmedR: Gathering Metadata About Publications, Grants, Clinical Trials from 'PubMed' Database. R package version 0.0.4, https://github.com/massimoaria/pubmedr.
20. Lee JC, Lee BJ, Park C, Song H, Ock CY, Sung H, Woo S, Youn Y, Jung K, Jung JH, Ahn J, Kim B, Kim J, Seo J, Hwang JH. Efficacy improvement in searching MEDLINE database using a novel PubMed visual analytic system: EEEvis. PLoS One. 2023 Feb 9;18(2):e0281422. doi: 10.1371/journal.pone.0281422. PMID: 36758038; PMCID: PMC9910730.
21. Tang SJ. Acknowledging the first author and corresponding author of published work. Gastrointest Endosc. 2013 Nov;78(5):801-2. doi: 10.1016/j.gie.2013.06.024. PMID: 24120343.
22. Marcus Lu, Visualizing Global AI Investment by Country, 21st April, 2025. https://www.visualcapitalist.com/visualizing-global-ai-investment-by-country/ 
23. Nestor Maslej, Loredana Fattorini, Raymond Perrault, Yolanda Gil, Vanessa Parli, Njenga Kariuki, Emily Capstick, Anka Reuel, Erik Brynjolfsson, John Etchemendy, Katrina Ligett, Terah Lyons, James Manyika, Juan Carlos Niebles, Yoav Shoham, Russell Wald, Tobi Walsh, Armin Hamrah, Lapo Santarlasci, Julia Betts Lotufo, Alexandra Rome, Andrew Shi, Sukrut Oak. “The AI Index 2025 Annual Report,” AI Index Steering Committee, Institute for Human-Centered AI, Stanford University, Stanford, CA, April 2025.
24. Aria, M. and Cuccurullo, C. (2017) Bibliometrix: An R-tool for Comprehensive Science
Mapping Analysis. Journal of Informetrics, 11, 959-975. https://doi.org/10.1016/j.joi.2017.08.007
25. Python-Visualization. Folium [Internet]. 2020. Available from: https://python-visualization.github.io/folium
26. Vaishya R, Vaish A. Global trend of publications in orthopaedics and sports medicine: 1996 - 2021. Chin J Traumatol. 2024 Dec;27(6):368-371. doi: 10.1016/j.cjtee.2023.10.006. Epub 2023 Nov 15. PMID: 38040589; PMCID: PMC11624298.
27. Sheena Lovia Boateng & Obed Kwame Adzaku Penu & Joseph Budu & Richard Boateng & John Serbe Marfo & Thomas Anning-Dorson & Frederick Edem Junior Broni, 2024. "Mapping the Research on Artificial Intelligence and Entrepreneurship: A Bibliometric Review From Scopus Database," International Journal of E-Entrepreneurship and Innovation (IJEEI), IGI Global Scientific Publishing, vol. 14(1), pages 1-24, January.
28. Nguyen A, Quan T, Wei C, Wei C, Malahias MA. Analysis of Eastern Asia's Contributions to Major Orthopaedic Journals in the Past 21 Years. Cureus. 2022 Jan 10;14(1):e21075. doi: 10.7759/cureus.21075. PMID: 35155031; PMCID: PMC8825441.
29. Al-Marzouqi, Ahmed H. and Alya A. Arabi. “A Comparative Analysis of the Performance of Leading Countries in Conducting Artificial Intelligence Research.” Human Behavior and Emerging Technologies (2024): 1(1) https://doi.org/10.1155/2024/1689353
30. Chun Y, Hur J, Hwang J. AI technology specialization and national competitiveness. PLoS One. 2024 Apr 4;19(4):e0301091. doi: 10.1371/journal.pone.0301091. PMID: 38573936; PMCID: PMC10994314.
31. López DM, Rico-Olarte C, Blobel B, Hullin C. Challenges and solutions for transforming health ecosystems in low- and middle-income countries through artificial intelligence. Front Med (Lausanne). 2022 Dec 2;9:958097. doi: 10.3389/fmed.2022.958097. PMID: 36530888; PMCID: PMC9755337.
32. Malhotra K, Goyal K, Malhotra S. Is global surgery really global? Evaluating global and gender diversity in global surgery research. Br J Surg. 2022 Nov 22;109(12):1331-1332. doi: 10.1093/bjs/znac328. PMID: 36149783.
33. Meara JG, Leather AJ, Hagander L, Alkire BC, Alonso N, Ameh EA, Bickler SW, Conteh L, Dare AJ, Davies J, Mérisier ED, El-Halabi S, Farmer PE, Gawande A, Gillies R, Greenberg SL, Grimes CE, Gruen RL, Ismail EA, Kamara TB, Lavy C, Lundeg G, Mkandawire NC, Raykar NP, Riesel JN, Rodas E, Rose J, Roy N, Shrime MG, Sullivan R, Verguet S, Watters D, Weiser TG, Wilson IH, Yamey G, Yip W. Global Surgery 2030: evidence and solutions for achieving health, welfare, and economic development. Int J Obstet Anesth. 2016 Feb;25:75-8. doi: 10.1016/j.ijoa.2015.09.006. Epub 2015 Sep 30. PMID: 26597405.
34. Malhotra K, Wong BNX, Lee S, Franco H, Singh C, Cabrera Silva LA, Iraqi H, Sinha A, Burger S, Breedt DS, Goyal K, Dagli MM, Bawa A. Role of Artificial Intelligence in Global Surgery: A Review of Opportunities and Challenges. Cureus. 2023 Aug 9;15(8):e43192. doi: 10.7759/cureus.43192. PMID: 37692604; PMCID: PMC10486145.
35. Liu J, Guo X, Xu S, Zhang Y. Quantifying the impact of strong ties in international scientific research collaboration. PLoS One. 2023 Jan 17;18(1):e0280521. doi: 10.1371/journal.pone.0280521. PMID: 36649356; PMCID: PMC9844855.
36. End the glaring inequity in international science collaborations. Nature. 2023 Dec;624(7992):473. doi: 10.1038/d41586-023-04022-1. PMID: 38123808.
37. Jiajun Cao, Yuefen Wang, International Cooperation Among Artificial Intelligence Research Teams Based on Regional Cooperation Models, Data and Information Management, Volume 5, Issue 1, 2021, Pages 147-158, ISSN 2543-9251, https://doi.org/10.2478/dim-2020-0036.
38. Mêgnigbêto, E. International collaboration in scientific publishing: the case of West Africa (2001–2010). Scientometrics 96, 761–783 (2013). https://doi.org/10.1007/s11192-013-0963-2
39. Peng X, Tan F, Hu Y, Pu H, Zou W, Qu C. Artificial intelligence in joint arthroplasty: A bibliometric analysis of global research trends (2001-2025). Medicine (Baltimore). 2025 Aug 29;104(35):e44136. doi: 10.1097/MD.0000000000044136. PMID: 40898573; PMCID: PMC12401253.
40. Bcharah G, Gupta N, Panico N, Winspear S, Bagley A, Turnow M, D'Amico R, Ukachukwu AK. Innovations in Spine Surgery: A Narrative Review of Current Integrative Technologies. World Neurosurg. 2024 Apr;184:127-136. doi: 10.1016/j.wneu.2023.12.124. Epub 2023 Dec 28. PMID: 38159609.
41. Yahanda AT, Joseph K, Bui T, Greenberg JK, Ray WZ, Ogunlade JI, Hafez D, Pallotta NA, Neuman BJ, Molina CA. Current Applications and Future Implications of Artificial Intelligence in Spine Surgery and Research: A Narrative Review and Commentary. Global Spine J. 2025 Mar;15(2):1445-1454. doi: 10.1177/21925682241290752. Epub 2024 Oct 2. PMID: 39359113; PMCID: PMC11559723.
42. Misir A. Artificial intelligence in orthopedic trauma: a comprehensive review. Injury. 2025 Aug;56(8):112570. doi: 10.1016/j.injury.2025.112570. Epub 2025 Jul 1. PMID: 40683054.
43. Gitto S, Serpi F, Albano D, Risoleo G, Fusco S, Messina C, Sconfienza LM. AI applications in musculoskeletal imaging: a narrative review. Eur Radiol Exp. 2024 Feb 15;8(1):22. doi: 10.1186/s41747-024-00422-8. PMID: 38355767; PMCID: PMC10866817.
44. LeCun Y, Bengio Y, Hinton G. Deep learning. Nature. 2015 May 28;521(7553):436-44. doi: 10.1038/nature14539. PMID: 26017442.
45. Alpaydin E (2020) Introduction to machine learning. MIT Press, Cambridge
46. Huang S, Arpaci I, Al-Emran M, Klc¸ arslan S, Al-Sharafi MA: A comparative analysis of classical machine learning and deep learning techniques for predicting lung cancer survivability. Multimedia Tools Appl 2023;82:34183-34198.
47. Schulz M-A, Yeo BT, Vogelstein JT, et al: Different scaling of linear models and deep learning in UKBiobank brain images versus machine-learning datasets. Nat Commun 2020;11:4238.
48. Bozzo A, Tsui JMG, Bhatnagar S, Forsberg J. Deep Learning and Multimodal Artificial Intelligence in Orthopaedic Surgery. J Am Acad Orthop Surg. 2024 Jun 1;32(11):e523-e532. doi: 10.5435/JAAOS-D-23-00831. Epub 2024 Apr 17. PMID: 38652882; PMCID: PMC11075751.
49. Alzubaidi L, Al-Dulaimi K, Salhi A, Alammar Z, Fadhel MA, Albahri AS, Alamoodi AH, Albahri OS, Hasan AF, Bai J, Gilliland L, Peng J, Branni M, Shuker T, Cutbush K, Santamaría J, Moreira C, Ouyang C, Duan Y, Manoufali M, Jomaa M, Gupta A, Abbosh A, Gu Y. Comprehensive review of deep learning in orthopaedics: Applications, challenges, trustworthiness, and fusion. Artif Intell Med. 2024 Sep;155:102935. doi: 10.1016/j.artmed.2024.102935. Epub 2024 Jul 25. PMID: 39079201.

image1.tiff




image2.tiff
Frequency of Publication

700

600

500

400

300

200

100

Number of Publication per Year

T T T
2004 2006 2007

T
2008

T
2009

T
2010

T
2011

T
2013

T T T T
2014 2015 2016 2017

Year of Publication

T
2018

T
2019

T
2020

T
2021

T T
2022 2023

T T
2024 2025





image3.tiff
mmmmm





image4.tiff
Country

Total Al investment by Country from 2013 to 2024

Urited Kingdom I s
Isreal - $158
Canada - $158
Germany - $13B
India - $11B
FRANCE - $11B
KOREA | s

'SWEDEN . $7B
SINGAPORE . $7B
sapan | s
Switzerand | ss
Austraia | ss
SPAN [ se
IRELAND I $28.
Brazi |8
AUSTRIA| I $28.
ARGENTINA I $28.
Turkey $1B
Taiwan $18.
PORTUGAL $1B
NORWAY $1B
Mexico $18.
ttaly $1B
Finland $1B
Denmark $18.
CHILE $1B
BELGIUM $1B
0 100 200 300 400

Total Al investment




image5.tiff
EUROPE

ASIA

AFRICA

Continent

SOUTH AMERICA-

OCEANIA

NORTH AMERICA.

Number of Countries per Continent With No Record of Al Investment

Number of Countries per Continent

10

15





image6.tiff




image7.tiff
A Sunburst chart showing the distribtion of countries across Continent and Income Level





image8.tiff
o

Country Collaboration

.h.,a..

®"

&




image9.tiff
Keyword Co-occurrences





