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Background: The development of neurology closely correlates with improvements in medical education, which provides essential knowledge and skills to tackle the growing global challenge of neurological disorders. This study aimed to perform a bibliometric analysis to assess the key areas and trends concerning the interface between neurology and medical education for the period spanning from 2000 to 2023.

Objective: This study aimed to perform a bibliometric analysis to assess the key areas and trends concerning the interface between neurology and medical education for the period spanning from 2000 to 2023.

Methods: We gathered articles from the Web of Science Core Collection database and employed two bibliometric tools, CiteSpace and VOSviewer, to evaluate and quantify various impact and collaboration metrics. Our analysis included annual publication data, journals, co-cited journals, countries/regions, institutions, authors, and co-cited authors. Furthermore, we identified emerging research areas linked to neurology and medical education by investigating the co-occurrence and bursts of keywords and co-cited references.

Results: From 2000 to 2023, a total of 900 articles investigating the correlation between neurology and medical education were published in 297 academic journals. These articles were authored by 4,399 researchers from 893 institutions across 92 countries/regions. The United States, England, and Canada emerged as the leading countries in this field, with the United States maintaining a dominant position. Harvard University was identified as the most productive institution. Gilbert Donald L emerged as the top author, while Jozefowicz Rf recorded the highest number of co-citations. The journal Neurology was not only the most prolific in publishing articles at the intersection of neurology and medical education but was also the journal that received the most co-citations. The main themes of these articles centered around psychology, education, social health, nursing, and medicine, with keywords frequently relating to education, students, and neurological disorders.

Conclusion: Neurophobia within neurology medical education remains a significant area of research, contributing to a deeper understanding of the relationship between neurology and medical training. Emerging areas such as resident education, medical education training, developmental neurology, and parental involvement may offer valuable guidance and new insights for further research in the field of neurology education.

Keywords
bibliometric analysis, neurology, medical education, neurophobia, higher education


1 Introduction

The field of neurology, a specialized branch of medicine, is dedicated to diagnosing, treating, and gaining insights into disorders that influence the nervous system, including the brain, spinal cord, and peripheral nerves. Neurology is vital for managing various conditions, from epilepsy and stroke to neurodegenerative issues like Alzheimer's and Parkinson's disease (An et al., 2023). The ongoing development within neurology closely correlates with improvements in medical education, which prepares healthcare practitioners with the essential knowledge and skills to tackle the growing global challenge of neurological disorders (Abbasi et al., 2025).

In neurology, medical education encompasses various levels, including undergraduate, graduate, and continuing education, integrating theoretical concepts, hands-on clinical experience, and research opportunities. However, neurology is the most difficult subject in the medical school curriculum, which leads to a lack of confidence in managing neurology patients (Jukna et al., 2023; Pakpoor et al., 2014; Raskurazhev et al., 2021). Over time, the methods of teaching have shifted from conventional, lecture-based techniques to more innovative, student-focused strategies that involve simulation training, digital resources, and collaborative efforts across different professional disciplines (Chhetri, 2017; Shiels et al., 2017). These improvements strive to foster competency-based learning, improve patient outcomes, and accommodate the intricacies of today's healthcare environments. The diversity of neurological disorders and the complexity of their pathological mechanisms impose significant demands on the systematic design of educational content. Concurrently, medical education is undergoing a digital transformation, rendering traditional teaching methods increasingly inadequate in meeting the modern medical students' needs for dynamic knowledge updates, cultivation of clinical thinking, and integration of practical skills (Lattouf, 2022). Particularly under the influence of emerging technologies, such as virtual reality and AI, as well as the principles of evidence-based medicine, the development of an efficient, precise, and scalable neurology education system has become an urgent challenge that must be addressed (Hassell et al., 2023).

The framework of bibliometric analysis serves as a robust tool for assessing the development and influence of research in the domains of neurology and medical education. By exploring trends in publications, citation patterns, and thematic developments, bibliometric investigations can pinpoint key research areas, significant publications, and new frontiers of interest. This methodology not only charts the academic landscape but also uncovers existing gaps and potential avenues for future inquiry, thus guiding the progress of neurology and its incorporation into medical education. Compared to traditional reviews, bibliometrics has the advantage of being based on large sample data, thereby avoiding researcher bias. Techniques such as keyword co-occurrence and citation analysis can reveal knowledge connections. Additionally, it can dynamically track the development trajectory of a discipline and predict future research directions (Karlapudi et al., 2022).

Currently, the application of bibliometrics in the field of medical education has covered subjects such as surgery and nursing, systematic analysis specifically targeting neurology teaching remains scarcely reported (Ateş and Korkmaz, 2025). Previous research has focused on the analysis of single teaching methods, lacking a comprehensive assessment of the global research landscape in neurology education. This study is the first to introduce bibliometrics in the field of neurology education, innovatively mapping the global knowledge landscape of neurology education research by mining literature data from the Web of Science database over the past 20 years, revealing core research forces and international collaboration patterns. It identifies critical time nodes and driving factors for the iteration of teaching technologies, uncovering hotspots of research in recent years. The research findings are expected to provide theoretical support for optimizing the design of neurology courses, facilitating cross-institutional collaboration. This examination deepens our comprehension of how medical education contributes to the progress of neurology and provides insights into enhancing educational methodologies within this essential sector.



2 Materials and methods


2.1 Data collection

The database known as the Web of Science Core Collection (WoSCC) is widely used in bibliometric research and encompasses the Science Citation Index Expanded (SCIE), Social Science Citation Index (SSCI), and Emerging Sources Citation Index (ESCI). Data was obtained from the WoSCC database on September 23, 2024, to avoid any potential deviation due to daily updates. The search strategy used was [TS = (medical education AND neurology)] AND [Language = (English)], limiting the publication years to between 2000 and 2023. The results obtained from the search were saved in “Full Record and Cited References” and “Plain Text” formats. For further analysis, the downloaded files were renamed to “download_*.txt,” making them suitable for use with CiteSpace software. Notably, 918 documents comprising 10 document types were obtained. To enhance the significance of the data, the documents that are irrelevant to our restrictions were removed: (1) 12 of publication year which are unqualified, (2) 4 of document types are correction (n = 1), book chapter (n = 1) and Biographical-Item (n = 2). Therefore, 900 documents were finally collected to further research (Figure 1). The document types of each paper were listed in Table 1, the number of Articles have the highest count and H-index (n = 724, H-index = 49), followed by Review Articles (n = 82, H-index = 21) and Editorial Material (n = 66, H-index = 11).


[image: Figure 1]
FIGURE 1
 Flow chat of data collection.



TABLE 1 Document types of neurology and medical education.
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2.2 Data analysis

We employed CiteSpace 6.2.R4 (developed by Chaomei Chen), VOSviewer 1.6.20 (created by Nees Jan van Eck and Ludo Waltman), alongside Microsoft Excel 2019, to conduct our bibliometric analysis and visualization. The initial phase involved data cleaning wherein terms such as “alzheimer disease” and “alzheimers-disease” were consolidated into “alzheimers-disease,” and “eeg (electroencephalography)” was standardized to “eeg (Paunkov et al., 2019).”

CiteSpace serves as an effective tool for bibliometric and visual analysis, particularly in identifying collaboration patterns, significant themes, structural elements, prospective trends, and dynamics within scientific disciplines. Therefore, we leveraged CiteSpace to scrutinize the co-occurrence of different nations, regions, and institutions. Additionally, we looked into the dual-map of journals, timelines of references, citation bursts, keyword evolution, and keyword bursts. The following parameters were employed: timespan (2000-2023), slices per year (1), no pruning, selection criteria (Top N = 100), and a minimum burst duration of 2 years. Cluster labels were derived through light semantic indexing (LSI) and the log-likelihood ratio (LLR) method, while other settings remained as default. Within the CiteSpace visualization, node sizes correspond to the frequency of co-occurrences, and the connecting lines highlight the co-occurrence relationships. Node and line colors vary by year, shifting from gray to red to represent the timeline from 2000 to 2023. Nodes represented by purple circles indicate a high betweenness centrality (≥0.10), acting as connectors among different networks (Song C. et al., 2024).

VOSviewer is a bibliometric tool that excels in creating and visualizing knowledge maps, illustrating different types of clusters, overlays, or density colors. It has been utilized to analyze the co-occurrence of authors alongside co-cited authors, journals with their co-cited counterparts, as well as co-cited references and keywords. We employed full counting as the method for data representation; other thresholds are detailed in the corresponding chapter. In the cluster map, the node size corresponds to co-occurrence frequencies, while identical colors denote the same cluster. Additionally, links illustrate co-occurrence relationships, with the thickness reflecting a computed strength value, which is directly related to the number of joint publications by two researchers or the frequency of two keywords appearing together. In density maps, the size of words and the brightness of yellow are positively correlated with co-citation frequency. The overlay map uses color to signify the average publication year.

To analyze annual publications, we utilized Excel software. Additionally, we retrieved the impact factor (IF), journal citation reports (JCR) for various journals, and the H-index for scholars from the Web of Science on September 23, 2024.




3 Results


3.1 Annual growth trend

We screened 900 articles from the WoSCC database for analysis (Figure 1, Supplementary Table 1). The overall number of articles from 2000 to 2010 was still relatively small, but the number of articles increased gradually during the period from 2011 to 2023 (Figure 2).
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FIGURE 2
 Trends of neurology and medical education from 2000-2023.




3.2 Distribution of countries/regions and institutions

Among the total of 900 articles, 724 are research articles and 82 are reviews, which together account for the majority of the publications (Table 1). These articles originate from 92 countries/regions and 893 institutions (Supplementary Tables 2, 3). The United States has the highest number of publications (N = 513), followed by England (N = 77) and Canada (N = 70). However, Canada's centrality is less than 0.1, suggesting that it may not serve as a central node in research related to neurology medical education (Figure 3A). The top 10 contributors are listed in Table 2. In contrast, the United States exhibits a higher centrality (centrality = 0.36). The density of country/region co-occurrence is 0.138, reflecting a strong connection among them. Harvard University is identified as the most productive institution, although its centrality is relatively low (n = 74, centrality = 0.03), followed by Mayo Clinic (n = 57, centrality = 0.06) and the University System of Ohio (n = 56, centrality = 0.03). In contrast, King's College Hospital (n = 5, centrality = 0.09) and the University of London (n = 23, centrality = 0.08) demonstrate higher centrality (Figure 3B, Table 2).
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FIGURE 3
 The co-occurrence map of countries and regions (A) and institutions (B) in research about neurology and medical education. The node size reflects co-occurrence frequencies, while the links illustrate co-occurrence relationships. The color of the nodes and lines represent different years, with colors transitioning from blue to red as the timeline progresses from 2000 to 2023. Nodes depicted in purple circles indicate high betweenness centrality (≥0.1).



TABLE 2 Top 10 countries/regions and institutions related to neurology and medical education.
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3.3 Author and co-cited author

A total of 4,339 authors participated in the research on neurology medical education (Figure 4A; Supplementary Table 4). The top ten authors collectively published more than six articles, while 74 authors produced at least three papers; however, 28 of these authors are not interconnected (Figure 4A). Gilbert Donald L from Cincinnati Children's Hospital Medical Center authored the highest number of neurology-related articles (n = 10), followed by Lukas Rimas V and Soni Madhu (Table 3). Figure 4A features seven colors, each representing a distinct cluster among the authors. Active collaborations typically occur within the same cluster, as seen with Sarva Harini and Weber Daniel. Additionally, there are collaborations between different clusters, exemplified by Albert Dara V. F. and Gilbert Donald L.


[image: Figure 4]
FIGURE 4
 The co-occurrence authors (A) and co-cited authors (B) in research about neurology and medical education. (A) The size of each node reflects the co-occurrence frequencies of the authors, while the links indicate the co-occurrence relationships between them. The thickness of these links is proportional to the number of publications co-authored by the two researchers, and nodes of the same color represent authors within the same cluster. (B) The size of the words, the size of the circles, and the opacity of the yellow color are positively correlated with the frequency of co-citation.



TABLE 3 Top 10 anthors and co-cited authors related to neurology and medical education.
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Co-cited authors are authors who are cited in an article. Among the 17,656 cited authors, five have been cited more than 50 times (Figure 4B, Supplementary Table 5). Figure 4B is presented as a density plot, effectively illustrating high-frequency co-cited authors, with warmer colors indicating a greater number of citations. As detailed in Table 3, Figure 4B, Jozefowicz Rf, Schon F, and Zinchuk Av were the most frequently co-cited authors.

Due to the inherent limitations of CiteSpace and VOSviewer visualizations, these figures cannot encompass all available information. Consequently, we provide the complete data in Supplementary Table 5, as well as in the figure below.



3.4 Journal and co-cited journal

A total of 297 journals published research on the relationship between neurology and medical education, with the top 15 journals contributing 390 articles, which accounts for 43.33% of the total (see Table 4, Supplementary Table 6). The journal with the highest number of publications is Neurology (n = 118), followed by BMC Medical Education (n = 35) and Pediatric Neurology (n = 26). Among 7,130 co-cited journals that received a total of 26,241 citations (Supplementary Table 7), 28 journals had more than 100 citations. Neurology (n = 1,310), Academic Medicine (n = 829), and JAMA-Journal of the American Medical Association (n = 437) received the highest number of citations. Furthermore, the top 15 co-cited journals accounted for 22.98% of all cited sources (see Table 4).


TABLE 4 Top 15 journals and co-cited journals related to neurology and medical education.
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The dual-map overlay demonstrating the distribution of topics within academic journals is depicted in Figure 5. On the left side, the citing journals are displayed, while the cited journals are featured on the right, with colored lines representing the relationships of citations. As shown in Figure 5, there are two main citation paths: one originating from journals in Neurology, Sports, and Ophthalmology leading to those in Health, Nursing, and Medicine, and another stemming from Psychology, Education, and Social journals. The first path shows a notable frequency of citations, with a high f-value of 62,890, whereas the second path exhibits a strong citation relationship indicated by its z-value of 4.1560464. Moreover, there are two significant citation pathways from journals in Medicine, Medical, and Clinical fields to both Health, Nursing, and Medicine journals and to Psychology, Education, and Social journals. Figure 5 illustrates that both Health, Nursing, and Medicine journals along with Psychology, Education, and Social journals receive citations from both Neurology, Sports, and Ophthalmology journals, as well as from Medicine, Medical, and Clinical journals.


[image: Figure 5]
FIGURE 5
 The dual-map overlay of journals on neurology and medical education. The citing journals are on the left, the cited journals are on the right, and the colored path represents the citation relationship.




3.5 Co-cited reference and reference burst

Out of the 22,574 references cited, 38 were mentioned a minimum of 10 times (refer to Supplementary Table 8). As shown in Table 5, the ten most co-cited works received at least 20 mentions. Remarkably, the most frequently co-cited work is a letter authored by Jozefowicz RF et al., published in the Archives of Neurology in 1994 (n = 83) (Jozefowicz, 1994). Additionally, among the top 10 references, seven were articles, while the remaining included letters, editorial pieces, and reviews. The reference timeline view illustrates the evolution of research hotspots over time. The most frequent items in each cluster are designated as cluster labels, and the remaining items are detailed in Supplementary Table 9. As shown in Figure 6, cluster #7 (psychiatry education/gross anatomy) emerged earlier, whereas clusters #1 (medical education/neuroanatomy education), 2 (mental health/podcasting), 4 (cognitive heuristics/neurosurgery), 6 (clinical neurophysiology/online teaching), and #8 (.../virtual learning) are ongoing, which can be regarded as novel-edge research.


TABLE 5 Top 10 co-cited references related to neurology and medical education.
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FIGURE 6
 Timeline view of co-cited references related to neurology and medical education. Each horizontal line representing a distinct cluster. A smaller number indicates a larger cluster, with #0 denoting the largest cluster. The size of each node reflects the frequency of co-citation, while the links illustrate the co-cited relationships. The color of the nodes and lines corresponds to different years, with nodes positioned according to their first year of co-citation. Cluster labels were derived from titles using Light Semantic Indexing (LSI) in red and Log-Likelihood Ratio (LLR) in blue.


References exhibiting citation bursts are those that have been cited significantly more frequently over a specific period. A total of 265 references were identified as having citation bursts, with the top 20 listed in Figure 7. The strongest burst (strength = 5.76) occurred in a paper titled “Structure of neuroscience clerkships in medical schools and matching in neuromedicine,” published in Neurology by Dara V Albert in 2015 (Albert et al., 2015), which experienced a citation burst from 2016 to 2018. Additionally, there are no references currently experiencing a burst.
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FIGURE 7
 Timeline view of co-cited references related to neurology and medical education. Top 20 references with the strongest citation bursts involved in neurology and medical education. The blue bars indicate references that have been published, while the red bars represent periods of heightened citation activity.




3.6 Keyword analysis of trending research topic

A total of 2,993 keywords were extracted, with 106 keywords appearing at least 10 times and 40 keywords appearing at least 20 times (see Supplementary Table 10). Table 6 indicates that 'education' was the most frequent keyword (n = 211), followed by “neurology” (n = 191) and “medical education” (n = 133). The keywords most commonly associated with neurological diseases and medical education include “neurophobia” (n = 68), “epilepsy” (n = 47), and “stroke” (n = 42).


TABLE 6 Top 20 keywords related to neurology and medical education.
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Figure 8A presents a high-frequency keyword overlay map (n ≥ 15), where the color represents the average year of publication. Notably, 'neuroanatomy,' 'anatomy,' 'neurosurgery,' 'intervention,' and 'people' are emerging fields, indicated in yellow. The timeline view in Figure 8B illustrates the top two high-frequency keywords in each cluster over time. It is evident that nine of the ten clusters (excluding #7) are still active. Among these, cluster #0 (medical education/neuroanatomy education) is the largest, followed by cluster #1 (knowledge/critical care), cluster #2 (neurology residents/students), and cluster #3 (graduate medical education/resident education). Additional information is provided in Supplementary Table 11.
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FIGURE 8
 (A) The overlay map of keywords related to neurology and medical education. The size of each node corresponds to the frequency of co-occurrences, while the links represent the relationships between these co-occurring keywords. The thickness of each link is proportional to the number of times two keywords co-occur, and the color of the links indicates the average year of publication. (B) The timeline view of keywords related to neurology and medical education. Each horizontal line represents a cluster; the smaller the number, the larger the cluster, with #0 being the largest. The time is indicated at the top, while keywords are positioned at their initial co-occurrence time within the cluster. Cluster labels were derived from title and abstract information using Light Semantic Indexing (LSI) in red and Log-Likelihood Ratio (LLR) in blue.


Keyword bursts refer to those that have been cited with significant frequency over a specific period. As illustrated in Figure 9, “receptor neurophobia” exhibited the strongest burst (strength = 5.28), followed by “medicine” (n = 3.65) and “American academic” (n = 3.47). Notably, “resident education,” “medical education and training,” “developmental neurology & neurodisability,” and “parents” continued to show bursts of activity through 2023.


[image: Figure 9]
FIGURE 9
 The timeline view of keywords related to neurology and medical education. Top 20 keywords with the strongest citation bursts, the red bars mean citation burstness.





4 Discussion


4.1 General information

Based on data from the WoSCC database spanning from 2000 to 2023, a total of 900 articles exploring the relationship between neurology and medical education were published across 297 academic journals. These articles were authored by 4,339 individuals from 893 institutions representing 92 countries and regions. The growing body of research indicates an increasing interest in the association between neurology and medical education. The investigation of neurology and medical education began in 1950 when Woltman reported on the neurological aspects of the Minnesota experiment in graduate medical education (Woltman, 1950). Since then, research in this area has progressed steadily. Over the past decade, the number of publications on neurology and medical education has significantly increased, with the volume of articles published between 2010 and 2023 nearly quadrupling compared to those published between 2000 and 2010.

In analyzing country and regional involvement, the number of published articles and centrality are key factors to consider. High centrality nodes (≥0.10) indicate the 'bridge' effect these countries and regions have on the global cooperation network. Table 2, Figure 3 illustrate that the United States, England, and Canada lead in research on neurology and medical education. Among the top 10 institutions publishing research projects, all are located in the United States. Notably, Canada has centrality values below 0.1, while the United States and England have centrality values of 0.36 and 0.12, respectively, suggesting their dominant positions in neurology and medical education research. Furthermore, the United States, England, Australia, and the Netherlands all have centralities exceeding 0.1, underscoring their significant roles in global research on neurology and medical education. Overall, active collaboration among these countries and institutions is evident in terms of network density. Therefore, strengthening international cooperation with the United States in medical education is conducive to the development of neurology teaching.

Among the top 10 authors and co-cited authors, Donald L Gilbert has published the most articles on neurology and medical education research, underscoring his significant contributions to these fields. Gilbert, a Full Professor at Cincinnati Children's Hospital Medical Center, specializes in pediatric neurological diseases, including movement disorders and Tourette Syndrome. He has also identified common mechanisms linking transcranial magnetic stimulation and behavioral disorders. Notably, one of his studies published in the journal Pediatric Neurology in 2016 demonstrated that the requirement of 12 months of adult neurology training for Child Neurology and Neurodevelopmental Disability certification does not align with the views of the majority of program directors (Valencia et al., 2016). Jozefowicz Ralph F. is the leading co-cited author, specializing in medical education and neuromuscular disease at the University of Rochester. His research primarily focuses on neurology education, residency training in neurology, and the education of medical students. In 1994, Jozefowicz published a study in Archives of Neurology that investigated the concept of neurophobia, which he defined as a fear of the neural sciences and clinical neurology stemming from students' inability to apply their knowledge of basic sciences to clinical situations. These negative sentiments are relevant to the study of neurology in medical school (Jozefowicz, 1994).

The journal Neurology is recognized for publishing a substantial amount of research in the fields of neurology and medical education, and it is distinguished by having the highest number of co-citations. This assertion is supported by the fact that three of the top ten highly cited papers were published in Neurology and BMC Medical Education. These journals primarily concentrate on cellular neurology, medical education, and related disciplines. Furthermore, Neurology ranks first in the number of articles published, highlighting its significance in the dissemination of research concerning neurology and medical education. Dual-map analysis indicates that research in these areas is predominantly centered around psychology, nursing, education, and social sciences.

The set of references that are frequently cited together within a specific research community may reflect the collective knowledge base. Among the top ten cited references, six primarily address neurophobia in neurological education, emphasizing the importance of confronting this phenomenon, along with its implications and potential solutions. Additionally, two articles focus on the neurology clerkship: one presents a core curriculum outlining the clinical neurology skills and knowledge necessary for adequate preparation (Gelb et al., 2002), while the other evaluates the status of the neurology clerkship in U.S. medical schools and its impact on graduates entering the field (Albert et al., 2015). These findings suggest that neurophobia significantly influences medical education in neurology through its effects on medical students.

Regarding burst analysis, the absence of references currently in burst indicates a need for further study on the intersection of neurology and medical education. The strongest burst suggests a neurology clerkship and highlights opportunities for students to connect with peers who are matching neuromedicine residencies. Two references from 2020 are noteworthy: one discusses evidence-based recommendations and educational interventions aimed at addressing neurophobia in medical education, while the other establishes internationally recognized standards and provides guidelines related to neuroanatomical knowledge.



4.2 The hotspots and trending

Nowadays, it is very important for researchers to quickly understand current research hot spots. Therefore, bibliometrics provides a quantitative method that can reflect research hot spots in the academic field through keyword co-occurrence. Overlap and timeline views can reflect the development of new research, and reference clusters and citation bursts can represent emerging topics. This study attempts to objectively evaluate through keyword co-occurrence (Tables 5, 6), keyword overlap and timeline (Figure 8), keyword burst (Figure 9), reference timeline (Figure 6), reference burst (Figure 7), etc. Neurology and hot spots and trending medical education research.


4.2.1 Neurophobia in neurological medical education

Neurophobia, defined as the fear or aversion to studying and understanding neurology, is a well-documented phenomenon within medical education. Coined in 1994 by Jozefowicz (1994), the term encapsulates the reluctance exhibited by medical students and professionals to engage deeply with neurology, primarily due to its perceived complexity.

Neurology often receives less emphasis compared to other medical specialties. Short rotations and fragmented courses contribute to insufficient familiarity with the subject (Flanagan et al., 2007; Youssef, 2009). The detailed neuroanatomy, neurophysiology, and diagnostic tools presented in a condensed format can overwhelm students, reinforcing the perception of neurology as a challenging field (Matthias et al., 2013). Traditional lectures frequently fail to contextualize theoretical knowledge within clinical scenarios, leaving students unprepared for practical applications. As a result, students often perceive neurology questions as disproportionately difficult, which further discourages them from studying the subject (Ridsdale, 2009). Additionally, neurophobia may significantly impact medical education; students may avoid engaging deeply with neurology, leading to gaps in their knowledge and skills (Zinchuk et al., 2010; Han et al., 2024). This fear can deter students from pursuing neurology as a specialty, exacerbating the shortage of neurologists in many regions (Solorzano and Józefowicz, 2015). Consequently, general practitioners and other specialists may lack confidence in addressing neurological complaints, potentially resulting in misdiagnoses, delayed care, or over-referrals (Freeman et al., 2013).

To address this situation, several strategies should be considered. Integrating neurology earlier and more extensively into the medical curriculum can help demystify the subject (Walzman and Luzzi, 2005). Courses should maintain a balance between foundational knowledge and clinical applications. Innovative teaching methods such as problem-based learning, simulations, virtual reality, and flipped classrooms can enhance student engagement (Jao et al., 2005; Anwar et al., 2015; Hudson, 2006; Wiles, 2013). Longer neurology rotations and mentorship programs with neurologists can also boost students' confidence and interest in the field (Ridsdale et al., 2007). Furthermore, addressing stereotypes and fostering a culture of curiosity rather than fear can encourage students to approach neurology with an open mind (Tan et al., 2011). Addressing neurophobia can enable students to more effectively comprehend complex neuroanatomical, physiological, and pathological mechanisms, thereby forming a more robust knowledge network. Overcoming fear allows students to analyze neurological cases more calmly and objectively, perform localization and qualitative diagnoses, formulate reasonable treatment plans, and reduce misdiagnoses or delays caused by avoidance. By enhancing interest and reducing psychological barriers in career choices, it helps increase the number of applicants for neurology residency programs, alleviating the global shortage of neurologists.



4.2.2 Resident education in neurology medical education

Neurology residency programs represent a critical phase in the education and training of future neurologists, facilitating the transition of medical graduates from foundational knowledge to specialized clinical expertise (Song A. et al., 2024; Sutherland et al., 2024). Effective resident education in neurology must encompass a wide array of competencies, ranging from diagnostic precision to empathetic patient care, while also adapting to advancements in medical science and healthcare systems (Cavallieri et al., 2025).

Residents encounter a diverse spectrum of neurological conditions, including stroke, epilepsy, neurodegenerative diseases, and neuromuscular disorders (Talai et al., 2024; Williams et al., 2022; Reis-Carneiro et al., 2024). Through supervised patient care, residents gain confidence in conducting neurological examinations, interpreting diagnostic studies, and formulating treatment plans. Training in procedures such as lumbar punctures, EEG interpretation, and botulinum toxin injections equips residents with essential practical skills (Sheikh et al., 2024). Many programs encourage or mandate participation in research projects, thereby allowing residents to contribute to the advancement of the field of neurology (Reis-Carneiro et al., 2024; Gottlieb-Smith et al., 2024). Given the rigorous demands of neurology residency, programs are increasingly integrating wellness initiatives to support residents' mental health and promote a healthy work-life balance.

Neurology encompasses vast and rapidly evolving fields, necessitating that residents master complex concepts while maintaining clinical proficiency. However, residents often contend with long hours and heavy workloads, which limit opportunities for self-directed learning and research (Raza et al., 2022). The emotional toll of neurological residency can be significant, given the chronic or life-threatening nature of many neurological diseases. Therefore, it is essential to implement strategies that enhance the education of neurology residents (Valencia et al., 2016). Incorporating active learning methods, such as simulation-based training and case-based discussions, can improve engagement and practical skills (George et al., 2018; Adams et al., 2018). Additionally, experienced neurologists can offer valuable guidance on career development, research opportunities, and coping strategies to manage the demands of residency (Lamb et al., 2022). Collaborative learning with other specialties promotes a holistic approach to patient care (Edmunds and Brown, 2010; Shalev and Jacoby, 2019). Encouraging participation in research and quality improvement projects fosters critical thinking and innovation skills.

Through curriculum innovation, mentorship, and a strong emphasis on interdisciplinary collaboration, neurology residency programs can effectively prepare residents to provide high-quality, compassionate neurological care while simultaneously advancing the field through research and leadership (Ten Cate and Durning, 2007). Resident education facilitates the transition of neurological knowledge into clinical skills, cultivates the clinical thinking of residents, establishes a cognitive system for neurological diseases, and enhances students' clinical diagnostic capabilities. Research in this area is beneficial for reserving clinical physicians in neurology and promoting the development of the discipline.



4.2.3 The medical education in developmental neurology

Developmental neurology, the study of growth, maturation, and disorders of the nervous system across the lifespan, is a crucial component of neurology medical education (Sanders et al., 2024). A thorough understanding of developmental processes is essential for accurately diagnosing and managing a variety of neurological conditions, particularly those that affect children and young adults (Robbins et al., 2017).

This field provides valuable insights into the structural and functional maturation of the brain and nervous system, which is critical for comprehending how deviations from typical development can lead to neurological disorders. Many developmental neurological conditions have lifelong implications; therefore, neurologists must be well-versed in the progression of these disorders to deliver age-appropriate care and anticipate future challenges (Scher, 2024).

However, medical students and residents often have limited opportunities to observe and manage pediatric and developmental neurological cases, particularly in programs lacking dedicated pediatric neurology rotations (Robbins et al., 2017; Marzolf et al., 2022; Gorelick et al., 2024). Furthermore, advances in neurogenetics, neuroimaging, and developmental neuroscience continually reshape our understanding of these conditions, necessitating ongoing updates to educational content. Developmental neurology frequently intersects with other disciplines, such as pediatrics, psychiatry, and rehabilitation medicine, which can complicate the delineation of roles and responsibilities in multidisciplinary care (Shalev and Jacoby, 2019; Juul et al., 2019; Gilbert et al., 2013).

Developmental neurology should be integrated throughout the continuum of medical education, beginning with preclinical courses in neuroanatomy and neurophysiology and extending to clinical rotations that emphasize pediatric neurology (Scher, 2024). Case studies that involve real-world scenarios are essential for contextualizing theoretical knowledge and demonstrating the practical application of developmental neurology concepts (Eyre et al., 2024; Aminoff et al., 2007). Additionally, training must prioritize effective communication with families, advocacy for necessary resources, and the consideration of psychosocial factors associated with developmental neurological conditions (Mohammad et al., 2024; Mohammad, 2024). Promoting developmental neurology medical education helps to address the shortcomings of traditional neurology teaching in the dynamic processes of development, fostering interdisciplinary diagnostic and therapeutic thinking. This can reflect the application of ethical and humanistic education in medical education.




4.3 Outlook and limitations

This study represents the first bibliometric analysis systematically examining publications in neurology and medical education over the past two decades. Unlike traditional reviews, bibliometric analysis offers a novel and objective perspective on the evolving trends within this research field. We employed various bibliometric software tools for analysis, yielding more results across multiple dimensions (Shen et al., 2022). This study aims to enhance public understanding of the significance of neurology in medical education, provide scholars with a comprehensive overview of research in this area, and offer objective guidance for the future development of neurology and medical education research. However, this study has certain limitations. Firstly, we exclusively searched the WoSCC database for published English articles, thereby excluding non-WoSCC and non-English publications. Nonetheless, English articles in WoSCC are the most frequently utilized data source in bibliometrics and can represent a substantial portion of the relevant information. Secondly, the bibliometric methodology relies on natural language processing, which may introduce biases, as noted in other bibliometric studies (Yan et al., 2021). Despite these limitations, our findings provide a more comprehensive and objective overview of the field. Furthermore, the sample reflects the current volume of research on neurology and medical education, indicating that this area is an emerging direction for future inquiry.




5 Conclusion

In summary, research on neurology and medical education has progressed steadily over the past two decades, characterized by active collaboration. The United States holds a prominent position in this research domain. Donald L. Gilbert has published the highest number of articles, while Jozefowicz Ralph F. is the most frequently co-cited author. Neurophobia in neurology medical education remains a prevalent research topic, contributing to a better understanding of the interplay between neurology and medical education. Emerging areas of focus include resident education, medical education training, developmental neurology, and parental involvement, which may offer guidance and new insights for future research in the field of neurology medical education.
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