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Introduction: Virtual reality (VR) technology in the health field is used in processes such as rehabilitative services and therapy for patients, as well as increasing the training and capabilities of the workforce (doctors, nurses, etc.), which is an important factor in the provision of services.Methods: This study combines quantitative and qualitative methods for a macro overview of the use of VR technology in healthcare. The database -Web of Science (WoS)- search for this study, in which bibliometric analysis was performed, was conducted in September 2023.Results: A seven-stage structuring strategy was followed for the study findings. This allowed the analyses to be interpreted both independently of each other and in combination with different combinations. While most of the sub-information required for analysis through WoS is at an excellent or near-perfect level (15/16), one of the sub-information (1/16) is at an acceptable level. Although the first publication on the subject was published in 1998, researchers have frequently preferred it as a field of study since 2016. In Bradford’s Law, the number of publications in journals in Zone 1 corresponds to one-third of the total number of publications. In addition, the ratio of the number of publications of the 25 most influential authors in the field to the total number of author publications is similar. The year 2016 is a turning point for this issue. Since this year, the number of publications has increased significantly and the fields of study have started to evolve. Until 2016, simulation-oriented studies generally focused on simulations, and after this date, simulations have evolved into topics that directly affect human life, such as medical education, rehabilitation, therapy, or improvement of behavioral conditions.Discussion: Research on the use of VR technology in healthcare has had strong growth in recent years. The existing contexts and possibilities underline that this field has the potential to attract more attention in the near future. Cross-sectional methods for implementation and simple ways to integrate VR into existing systems can be seen as what makes the technology so interesting and worthy of research. However, VR in healthcare also has some barriers, such as motion sickness, loss of sense of presence, eye strain, or inappropriate reactions in the real world.Keywords: digital health, healthcare innovation, VR in healthcare management, VR technologies, thematic analyses, virtual reality, augmented reality, medical education
1 INTRODUCTION
Virtual reality (VR) is a modeled 3D environment that allows individuals to experience and interact with environments, events, processes, or similar activities as they are perceived in the real world through their senses. 3D-modeled environments are created with various computer software (Slater and Sanchez-Vives, 2016; Freeman et al., 2017). These simulated environments are used using a variety of equipment such as headset devices (with mobile phones or not), computers, and high-tech cabinets. They also allow users to interact with the environment (Caponnetto et al., 2021). The software and hardware used for virtual reality can differ significantly from each other according to the reasons for their use and their technological level. However, as complicated as it may seem, it can be grouped under three basic categories. These are Non-immersive, Semi-immersive, and Full-immersive environments (Maranesi et al., 2022). The most important feature that distinguishes these three categories from each other is the freedom or restriction given by the equipment that users use while experiencing virtual reality to control the virtual world. In addition, the intensity of the interaction between the simulated world and their real senses is another important feature (Smith et al., 2012). As virtual reality technology has been increasingly integrated into diverse fields, including healthcare, it becomes essential to classify different types of VR experiences to better understand their applications and implications.
Each category is designed to fulfill a need. For example, the purpose of simulation can be simple spatial modeling such as designing a room or home decor. If this situation also allows limited control in the virtual environment using hardware such as a keyboard and mouse, it can be stated that a Non-immersive experience is experienced (Settembrini et al., 2018). Other areas where virtual reality technology is frequently used are airlines and militaries. The scenarios used in these sectors are scenarios, where users are more active and 3D visuals, are used more intensively than non-immersive technologies and scenarios. However, the user’s perception of the virtual world is still limited. These types of environments, which are especially used in the field of education and aim to both gain experience for individuals and reduce costs in some costly situations, are called Semi-Immersive applications (Salatino et al., 2023). Finally, fully immersive simulated environments are those in which the user is fully immersed in the virtual world, using the senses intensively, including sight, sound, and touch. Some studies include scenarios and content where smell is added in addition to these senses. In such a virtual world, the user can wear special equipment such as gloves, etc., and fully interact with the environment. In addition, in such scenarios, users have access to experiences such as free movement in both physical and virtual 3D environments. This is frequently used in healthcare scenarios to fulfill the daily exercise and movement needs of individuals with limited mobility who need to perform exercises, especially lower and upper limb movement (Mekbib et al., 2021; Lu, et al., 2023; Restout et al., 2023).
In the healthcare sector, one of the two sectors that form the foundation of most technological advancements, the preference for research related to VR technologies is steadily increasing among researchers, which is a market with an expected growth rate of over 25% between 2021 and 2030 and currently has a value of 5 billion USD (Global Data, 2023). It has been observed that such technologies in the field of healthcare are used in processes that include enhancing the skills and education of the workforce (doctors, nurses, etc.), which are essential factors in the delivery of healthcare services, as well as in rehabilitative services and therapy for patients (Wang et al., 2021; Mastropietro et al., 2016; Hartanto et al., 2015).
In today’s world, where technological development and change are expressed not on an annual but almost a monthly basis, and given the presence of a constant flow of intensive information from various sources, there has been a need to collectively and systematically bring together information such as researchers, institutions and the development and change process of the subject at the theme and sub-theme level in the literature on VR technologies in the field of health.
This study aims to conduct a comprehensive bibliometric and thematic analysis of VR applications in healthcare to identify key research trends, influential contributors, and emerging themes. By integrating both quantitative (bibliometric) and qualitative (thematic) analyses, this research provides a multi-dimensional perspective on the field. The bibliometric approach systematically maps the intellectual landscape by identifying high-impact publications, key authors, and research networks, while the thematic analysis delves deeper into the conceptual evolution of VR applications in healthcare, revealing how research themes have evolved over time.
Unlike traditional literature reviews, which may be subjective and limited in scope, this mixed-method approach enables an objective, large-scale assessment of scientific output while also capturing the nuanced thematic transformations in the field. Bibliometric analysis quantifies the impact of research contributions, while thematic analysis provides contextual insights that are crucial for understanding why certain research directions gain prominence. This combination is particularly valuable in rapidly evolving technological fields like VR, where identifying emerging trends and mapping knowledge diffusion can offer crucial insights for future research and policy development.
At the same time, this study makes several important contributions to the literature. First, it provides a comprehensive and up-to-date bibliometric and thematic analysis of VR research in healthcare, addressing the lack of large-scale systematic evaluations in the field. Previous reviews have often been limited in scope, focusing on specific applications (e.g., rehabilitation, surgery) rather than offering a broader perspective on VR’s interdisciplinary impact in healthcare.
Second, this study identifies emerging research trends and conceptual structures that have not been fully explored in earlier bibliometric studies. By mapping key research clusters and visualizing the evolution of VR applications over time, it highlights thematic shifts and underexplored areas, such as the integration of VR with artificial intelligence and its potential for mental health therapy.
Third, the findings provide actionable insights for researchers and policymakers by identifying core journals, influential authors, and dominant research networks. These insights can help guide future collaborations and research funding strategies, ensuring that resources are directed toward the most promising areas within the field.
The questions to be answered as a result of the study are as follows:
Research Questions (RQ):
RQ1: Which authors, institutions, and countries have actively participated in VR research about
Healthcare?
Answering RQ1 would enable researchers to identify international collaborations and potential
collaborators on VR research about healthcare. This would help explore the spatial distribution
of articles.
RQ2: What are the most important cited journals that constitute the knowledge field of VR
research about healthcare?
Answering RQ2 would be expected to facilitate scholars in finding suitable journals for publishing.
“healthcare and VR” related papers quickly.
RQ3: What are highly cited references in “healthcare and VR” related research according to
the number of citations?
Answering RQ3 would not only help researchers recognize significant documents, but also
reveal influential and productive countries, organizations, and authors that are internal
connected.
RQ4: What are the overall publication trends and subject categories in terms of publication output?
Answering RQ4 would help researchers explore the development trends and status quo of
“healthcare and VR” related research.
RQ5: What are the hot research topics and emerging trends discussed in “Healthcare and VR”
related papers?
Answering RQ5 would enable researchers to understand research domains and future directions clearly.
Several previous studies have employed bibliometric analysis to examine trends in medical technology research. For instance, Pawassar and Tiberius (2021) analyzed the evolution of VR applications in healthcare, identifying key growth areas and thematic shifts. Similarly, Kyaw et al. (2019) conducted a bibliometric review focusing on digital health education, highlighting how emerging technologies such as virtual reality and artificial intelligence are reshaping medical training. These studies provide a foundation for understanding the research landscape; however, our study expands on their findings by offering a more comprehensive, up-to-date, and multi-dimensional analysis that integrates both bibliometric and thematic perspectives.
Moreover, bibliometric studies on medical technology trends, such as those by Falagas et al. (2008) and Martín-Martín et al. (2020), have demonstrated the increasing significance of data-driven evaluations in identifying influential researchers, journals, and collaboration networks. By incorporating a similar approach, this study aims to provide a structured and in-depth understanding of the research evolution in VR applications within healthcare.
2 MATERIALS AND METHODS
2.1 Data collection and search strategy
Web of Science Core Collection (WoSCC) is one of the most widely used scientific databases in literature searches. Many researchers have conducted studies examining the data coverage, journal quality, advantages, and disadvantages of WoSCC (Martín-Martín et al., 2020). Hou et al. (2015) state that WoSCC provides data necessary for bibliometric analysis, such as the number of cited references, affiliation, DOI, keywords, and keywords plus, in a more standardized and comprehensive manner compared to other databases. Furthermore, in terms of high-level visualization, studies conducted by Falagas et al. (2008) and Gan et al. (2022) have indicated that WoSCC is the most suitable database. For these reasons, the WoSCC database was preferred for the literature review in this study.
The database examination and bibliometric analysis were conducted in December 2023. In the conducted search, the database included “all fields” searches, and the keyword selection was defined as “Virtual Reality AND Healthcare” as well as “VR AND Healthcare”. This study included “article,” “article, early access,” and “article, proceedings paper” publications. In this study, only English-language literature was used to ensure universality and to maintain consistency in terms of keywords, keywords plus, and similar data. During the screening process conducted by authors, articles were excluded from the study based on titles, abstracts, and, if necessary, the full text, following a thorough examination. The final set of studies was obtained in September 2023.
To ensure a rigorous and systematic selection process, the study applied well-defined inclusion and exclusion criteria. Publications were excluded based on the following conditions:
1. Scope Misalignment: Studies that did not explicitly focus on VR applications in healthcare (e.g., general VR technology development without medical context).
2. Lack of Empirical or Review-Based Content: Editorials, opinion pieces, conference abstracts, and studies without substantial methodological or empirical contributions.
3. Language Barrier: Only studies published in English were included to maintain consistency in keyword analysis and metadata extraction.
4. Duplications and Redundancy: Duplicated entries, retracted papers, and studies that did not provide unique contributions were removed.
The selection process was carried out in multiple stages. Initially, a title and abstract screening was conducted to filter out irrelevant papers. Following this, a full-text review was performed independently by two researchers to ensure consistency in inclusion and exclusion decisions. Any discrepancies were resolved through discussion and consensus, ensuring that only methodologically sound and thematically relevant studies were included in the final dataset.
After the keyword search, a total of 2,302 publications were identified. Out of these publications, 1,318 were excluded because they were not “article,” “article, early access,” or “article, proceedings paper,” and an additional 13 were removed due to language issues, duplication, and relevance to the topic. Therefore, the study was conducted with a total of 971 publications. The data collection methodology used for scientometric analysis is illustrated in Figure 1.
[image: Figure 1]FIGURE 1 | A flowchart representing the research design.
The Bibliometrix (Aria and Cuccurullo, 2017) library in the R Studio IDE was utilized for analysis. Since WoSCC allows the download of a maximum of 1,000 plain text files, the files were downloaded multiple times and the necessary transformation and merging processes were carried out using R Studio’s XLSX library. The single file obtained was later analyzed using the Bibliometrix package, considering various characteristics as part of the study.
2.2 Structuring strategy of the research
The study was structured following a specific systematic pattern. The analysis of the study was conducted under six main headings, and the structuring strategy for the main headings and subheadings is illustrated in Figure 2.
[image: Figure 2]FIGURE 2 | Structuring strategy.
3 RESULTS
3.1 Analysis of metadata outputs
The missing data for the descriptive characteristics of the included metadata in the study is presented in Table 1. According to this, it appears that most of the studies do not have missing data, especially for basic descriptive characteristics. Additionally, the lowest value considered acceptable for conducting bibliometric analysis appears to be met. The mentioned “acceptable” value pertains to missing DOI (DI) numbers in the publications obtained from WoSCC. Therefore, this bibliometric study, will not lead to any distortion or deficiency in terms of analysis and findings.
TABLE 1 | Completeness of bibliographic metadata.
[image: Table 1]In Table 2, which displays descriptive statistics, it can be observed that the first publication meeting the specified keywords in the database dates back to the year 1998. There are a total of 971 publications across 499 sources. The annual growth rate of publications related to the subject is 8.09%. The 971 included studies were authored by 4,909 researchers. Additionally, 29 researchers have individually worked on the topic and published their work. The international collaboration rate among authors in the publications is 27.09%.
TABLE 2 | Descriptive analysis of metadata.
[image: Table 2]In the local dataset of 971 studies, it is observed that research focusing on the use of VR technology in healthcare services became a notable area of study as of 2016. The annual average citation count related to the topic varies by year but generally shows an increasing trend (Figure 2).
3.2 Analysis of sources’ output
This section provides quantitative data related to the journals in which studies on the subject have been published. The literature suggests that in determining the journals that are active in the field based on the method used (bibliometric analysis), not only the total number of publications published on the subject but also the outputs of Bradford’s Law should be evaluated (Brookes, 1968; Brookes, 1977).
Bradford’s Law is a concept that describes the distribution or scattering of literature in specific subjects across journals (Garfield, 1980). Hertzel (1987) expresses this situation as follows:
“If scientific journals are arranged in descending order of efficiency of articles published on a particular subject, the journals may be divided into a core group of journals that publish articles exclusively on that subject, and several groups or regions containing the same number of articles as the core group”.
In this study, the ranking according to the number of articles published in the journals related to the subject is compatible with the journal lists in Zone 1 according to Bradford’s Law rule. In other words, the effective journals in the field related to the topic are those listed in Figure 3.
[image: Figure 3]FIGURE 3 | Annual scientific production and average citations per year.
Table 3 provides data on the h-index, g-index, and m-index scores for the top 23 journals in Zone 1 according to Bradford’s Law, which is considered the most influential in the academic field related to the subject. The ranking of journals is based on their h-index scores.
TABLE 3 | Top 23 journal list (Bradford’s Law/Zone 1).
[image: Table 3]The 23 journals listed in Table 3 as the most influential journals in the field make up 31.60% of the total publications (n = 971) in the study dataset, with a total of 307 publications related to the topic. The top three journals, Simulation in Healthcare Journal of The Society For Simulation in Healthcare, Journal of Healthcare Engineering, and Healthcare Technology Letters, with a total of 112 publications, account for 36.4% of the publications in the specified 23 journals. When examining the number of citations, it is observed that the top three journals account for 35% of the total citations received by the 23 journals. Based on the assumption that an increase in the number of published articles leads to an increase in the number of citations, it can be stated that the average number of citations per article for the top three journals is 18.64, 6.15, and 14.90, respectively. The average number of citations per publication for the entire study was calculated at 16.90, as indicated in Table 2.
3.3 Analysis of authors’ output
This section contains the authors’ output regarding the analysis results. Within the section, the authors’ outputs are presented under the subheadings of a) authors, b) institutions to which the authors are affiliated, and c) countries of the authors.
3.3.1 Authors output
Publications related to the subject have been authored by a total of 4,909 authors (Table 2). Quantitative data such as impact scores, publication numbers, and citation numbers of the top 25 influential authors in terms of subject are included in Table 4.
TABLE 4 | Top 25 authors’ list.
[image: Table 4]According to the h-index ranking, the top 25 influential authors in the field have a total of 197 publications related to the topic. The top three authors, with a total of 56 publications, account for 28.42% of the total publications. Furthermore, the top three authors, with a total of 2,144 citations, make up 39.22% of the total citations received by all authors listed in the study (n = 5,466). Although there are five authors in the field with a publication count exceeding 10, it is observed that in the ranking based on h-index scores, Wiederhold, BK. and Bruder, G. are listed as eighth and ninth, respectively, despite having more than 10 publications. Besides, it can be stated that the most influential three authors are Aggarwal, R., Darzi, A., and Van Herzeele, I. Further analysis results, including the subfields preferred by the authors and their collaborations, are presented in the following sections.
3.3.2 Affiliations output
The most influential institutions to which the authors are affiliated, with publication counts exceeding 20, are provided in Figure 4.
[image: Figure 4]FIGURE 4 | Bradford’s Law Journal list.
It is observed that there are nine institutions with more than 20 publications related to the use of VR technology in healthcare services. In the local dataset, which includes a total of 971 publications, the rate of articles published by these nine institutions (n = 235) is 24.20%. The most influential institution in the field is Imperial College Healthcare NHS Trust, which collaborates with Imperial College London in the United Kingdom. It is followed by the National University of Singapore and Clemson University based in the United States. Additionally, Imperial College London is among the top nine institutions in terms of publications, both in collaboration with other institutions and through its own publications (Figure 5).
[image: Figure 5]FIGURE 5 | Affiliations list (NP ≥ 20).
3.3.3 Country output
This section examines the countries where the corresponding authors are located. It is observed that influential authors in the field are primarily located in three countries (Table 5). In terms of productivity, the United States (United States) has the most publications. The United States also dominates other countries by covering 69.1% of the 971 publications in the local dataset. Out of the 671 articles published in the United States, 605 of them have contributed to the field through multiple collaborations (multi-authored), while 66 articles were published by single authors. As expected, the United States is also in the lead in terms of total citation counts with 10,459 citations. For both variables, the United States (United States) is followed by the United Kingdom (UK) and China. However, when the average article citations are examined, it is noteworthy that although the United States dominates the field in terms of the number of publications, the United Kingdom has a six-point difference over the United States with an average of 21.80 citations. So publications in the UK either serve as foundational works for subfields within the field and are cited by other researchers or innovative works, both of which can lead to a higher number of citations.
TABLE 5 | Most relevant country (>50) and Most cited country (>500).
[image: Table 5]The reason why NATL UNIV SINGAPORE (34) is ranked second in the list of institutions producing the most publications on the subject, yet Singapore is not included in Table 5, which lists the countries with the highest number of publications and citations, is that the threshold for inclusion was set at a minimum of 50 publications per country and a minimum of 500 citations per country.
3.4 Analysis of document output
This section evaluates only the most influential articles in the field regardless of the author and country. Following the first article published in 1994, these articles published on the subject, which has become a systematic area of interest in the following years, serve as important resources for the authors. This section is structured into two subsections: one is articles and the other one is keywords. In the first section, there is information about the most frequently referenced articles in the literature and the most influential articles referenced in the local dataset, including details about the journals they were published in, total citation counts, and citation counts per year (Tables 6, 7).
TABLE 6 | Most globally cited document.
[image: Table 6]TABLE 7 | Most locally cited document.
[image: Table 7]3.4.1 Most global and local cited document output
In bibliometric analysis, locally cited documents refer to studies that are frequently cited within the dataset of this study, indicating their influence within the specific research domain of VR in healthcare. On the other hand, globally cited documents represent highly cited papers across all fields, demonstrating broader academic recognition beyond this research niche. By distinguishing these two categories, we can identify both foundational works within our dataset and globally recognized influential studies that shape the research landscape. The most cited publication in the general literature by Wosik et al. (2020) is an article titled “Telehealth Transformation: COVID-19 and the Rise of Virtual Care” (Table 6). The annual average number of citations of this publication is 167.75 while in total 671.
Indeed, Table 6 is important as it provides a list of sources that contribute intellectually to the field. Table 7 provides information about the top 10 most cited articles in our dataset, but it also includes data on how frequently these articles reference each other among the 971 publications. The article titled “Virtual Reality for Health Professions Education: Systematic Review and Meta-Analysis by the Digital Health Education Collaboration,” authored by Kyaw et al., in 2019 holds a prominent position as the most referenced and influential publication within the local dataset. It is observed that out of the 971 articles in the dataset, 24 have received citations. Globally, the total number of citations received is 158.
3.4.2 Author’s keywords output
Keywords are often words or phrases that provide a concise summary of a paper’s abstract, allowing readers to quickly grasp the content at a glance. Selecting appropriate keywords that adequately describe the content and align with the subject matter is an important criterion for an article. In this section, data is presented on commonly used keywords in the local dataset of articles and how keyword trends have changed over the years, that is, which subfields within the subject have gained prominence over the years.
As evident from the word cloud, many keywords are preferred in different fields related to health services, especially “virtual reality”, which form the basis of the subject of the study, and therefore the literature is enriched in line with these keywords. Figures 6, 7 provide data on how researchers have associated the topic with different subtopics over the years, offering insights into intellectual contributions and author trends related to the subject matter.
[image: Figure 6]FIGURE 6 | Word cloud (freq>50).
[image: Figure 7]FIGURE 7 | Trend topics.
Considering that the breakdown in the density of researcher publications on the use of VR technology in the field of health services has occurred since 2016 and has gained remarkable momentum as of this date (Figure 2), it will be useful to evaluate the preferences in keyword selection in two parts, before 2016 and after 2016. Before 2016, researchers were generally simulation-focused, but after that date, the simulations were more often related to areas directly affecting human life, such as medical education, rehabilitation, and therapy, or improving behavioral conditions. This suggests that the literature’s foundation, which had been ongoing until that time, is now used in a way that can directly and positively impact human life.
The Sankey diagram above illustrates the active authors (AU) in the field, the keywords (DE) frequently used by these authors, and the active sources (SO) in the field (Figure 8). This diagram provides a concise overview of the relationships between the sources, authors, and keywords that have been discussed in the analysis so far, without going into detail. However, the diagram does not show the most influential variables independently in each subsection (DE, SO); instead, it presents the keywords frequently preferred by these authors and the journals to which the authors submit their articles in an author-centric approach.
[image: Figure 8]FIGURE 8 | Sankey diagram (author-centered).
The thickness of the connections in the diagram, which represents the relationship between the authors, their choice of keywords, and the journals where their articles are published, indicates the intensity of the relationship. Accordingly, it can be observed that prominent authors in the field, such as Aggarwal, R., often prefer journals like the Journal of Vascular Surgery or Annals of Surgery with keywords like “virtual reality,” “simulation,” and “augmented reality”.
3.5 Analysis of the conceptual structure
In this section, the conceptual analysis of the subject is given. The analysis was carried out on words blended from the titles and keywords of the articles, which are referred to as keywords plus.
The conceptual structure map (Figure 9) groups research themes into distinct clusters, representing co-occurring research areas. The presence of tightly interconnected clusters indicates well-established research domains, whereas more dispersed clusters suggest emerging or niche topics. For instance, the cluster around ‘VR-based training’ and ‘simulation’ is highly dense, demonstrating a mature and extensively researched area. In contrast, the cluster containing ‘mental health’ and ‘VR for therapy’ is more dispersed, indicating an emerging research domain with ongoing development. This structure highlights the field’s progression from technological advancements to patient-centered applications.
[image: Figure 9]FIGURE 9 | Conceptual structure map (keywords plus).
Thematic mapping is a mapping method that shows the past and present flow of the academic field related to the subject (Figure 10). This method is based on four main categories and centralization of the subject is influenced positively or negatively as we move to the right or left. Movements from bottom to top show an increase or decrease in the intensity of studies on the subject. Basic themes are defined as the concepts that form the basis of a subject. Themes such as VR, training, education, and medical education were included in this area as a result of the analysis.
[image: Figure 10]FIGURE 10 | Thematic map (healthcare and VR).
Motor themes are current and trending research topics. Keywords in this field such as rehabilitation, telemedicine, COVID-19, and anxiety indicate popular research topics trending today and are preferred by researchers more than others. In particular, the keywords ‘anxiety’ and ‘rehabilitation’ suggest that the subject is now extensively studied by researchers in fields such as psychology and similar disciplines.
Niche themes refer to situations where the subject is studied in a specific and narrow area. Keywords such as ‘human-centered computing’ and ‘computer graphics’ in this category align with the field’s description, indicating a focus on technical areas like science and engineering rather than social or health sciences.
Emerging or declining themes refer to trends that are either fading away or gaining popularity in the subject. These research areas provide insights into the future of VR technology. For example, it is observed that this technology is used in biofeedback therapies, minimizing issues encountered in previous treatments such as low motivation for treatment, difficulties in applying learned skills to real life, or distracting elements during treatment (Lüddecke and Felnhofer, 2022). Collision detection, which also allows design to be tested in fields such as engineering, architecture, or manufacturing, refers to the collision that occurs between two virtual objects in the three-dimensional world. The reasons why researchers prefer this keyword specifically on the subject may be situations such as healthcare personnel training, for example, it may have taken place in research on virtual surgeries to be performed by physician candidates with VR or extraction and similar procedures in scenarios prepared for dentists.
The words expressed as keywords plus are important in interpreting not only the region they are in but also the neighboring region they approach.
3.6 Intellectual structure
This section analyzes the intellectual accumulation related to the subject and its structure. This analysis refers to the articles’ centrality positions and academic power structures. They, also referred to as intellectual schools, are resources that help researchers in shaping the field. These schools, which support the field intellectually, cover not only the local data set but also the literature in the bibliographies of the data set. In other words, they can be described as schools of thought that contribute to the development of the main idea and research areas in the field.
According to the data presented in Figure 11, it is possible to say that five schools of thought (orange, red, blue, green, purple) have played a leading role in the formation of the field and support for new research areas. Among these five schools, the orange and blue schools are the ones with the highest author participation and the most intensive relationship networks. Seymour NE, one of the representatives of the Orange School, and related authors seem to be more interested in VR training in the field of surgery (especially laparoscopic). These writers also belong to one of the two groups with the most intense and productive writers. Kyaw BM, one of the representatives of the Red School, and its representatives have carried out studies on the training of health professionals in the theoretical field other than practice with VR. Representatives of the blue school, including Rizzo Albert and similar researchers, focus on therapeutic methods and VR applications related to mental health disorders. They belong to the second group with the most intense author relationships, alongside the orange group. The green group, represented by Wiederhold BK and related authors, has worked more on topics such as metaverse games and virtual healing (VR for pain management). Finally, the purple group, which includes authors like Lohse KR and Holden MK, has focused more on the psychological aspects of the subject, conducting research on the use of VR for anxiety reduction and therapy. It can be stated that these groups, which are seen to have frequent and intense relations within themselves, have weak relations with external stakeholders.
[image: Figure 11]FIGURE 11 | Co-citation network.
3.7 Social structure
This section describes the frequency of collaboration among researchers and the relationships between authors based on their institutions or countries and reveals how often authors work with each other.
Examining the social network structure created by groups of two or more authors, it is observed that the writers are included in eight network structures. The authors at the center of the network structures are distributed similarly to the authors in the intellectual structure mentioned in Section 3.6. However, a smaller number and lower level of authors are also involved. Examining the studies of these authors, it is seen that their studies are related to technical subjects in engineering and engineering sciences rather than scenarios. In particular, authors in the yellow group work together intensively, meaning that the frequency of their collaborative work is high. A similar situation can be observed for authors in the purple group (Figure 12).
[image: Figure 12]FIGURE 12 | Social structure.
4 DISCUSSION
This study examines the literature on VR technology in the field of healthcare on publication groups, authors, articles, conceptual structure, and intellectual structure. It is seen that 2016 is a milestone in preferring the subject as a field of study. In a similar study conducted by Pawassar and Tiberius (2021), it was stated that there were 255 publications between 2016 and 2021 (April), which is much more than before 2016 (Pawassar and Tiberius, 2021). If this study is limited by year, it is seen that 666 more articles were added to the literature between 2021 and 2023. These data are important in proving that the subject has been a trending topic for researchers in recent years. The findings of this study indicate a significant shift in VR research trends in healthcare, particularly after 2016. Instead of merely observing the increase in publications, it is essential to understand the driving forces behind this surge. One key factor is the rapid advancement of VR hardware and software, making the technology more accessible and cost-effective for researchers and healthcare practitioners. Additionally, increased funding for digital health innovations has facilitated the integration of VR into clinical applications. The growing emphasis on patient-centered care has further contributed to the rise of VR-based rehabilitation and mental health interventions, as these technologies offer immersive and interactive therapeutic experiences. Moreover, the clustering analysis suggests that certain research themes have evolved significantly over time. For instance, the transition from early VR applications focused on surgical simulations to more recent developments in VR-assisted rehabilitation and cognitive therapy indicates a shift toward patient-oriented implementations. This thematic evolution reflects broader changes in healthcare priorities, where technology is increasingly leveraged to enhance patient outcomes and accessibility.
The significant increase in VR-related healthcare research after 2016 can be attributed to multiple interrelated factors:
1. Technological Maturity and Accessibility: The rapid commercialization of consumer-grade VR devices (e.g., Oculus Rift, HTC Vive) significantly lowered costs and increased accessibility, facilitating more extensive research applications in medicine (Slater and Sanchez-Vives, 2016). This development enabled a broader exploration of VR-based medical training, therapy, and rehabilitation (Maraj et al., 2019).
2. Policy and Funding Initiatives: Government agencies and private foundations have significantly increased funding for digital health innovations. For example, the U.S. National Institutes of Health (NIH) and the European Commission have invested heavily in VR-related medical applications, particularly in pain management and neurorehabilitation (Stoumpos et al., 2023).
3. Integration with Artificial Intelligence and Data Science: The convergence of VR with AI and machine learning has enabled more personalized and adaptive VR therapies, particularly in cognitive rehabilitation and mental health applications (Mazzolenis et al., 2024). AI-driven real-time adjustments in VR environments have improved patient engagement and outcomes.
4. The Impact of the COVID-19 Pandemic: The global pandemic accelerated the adoption of VR in telemedicine, remote patient monitoring, and virtual medical education (Wang et al., 2024). This shift was particularly notable in the increased use of VR for surgical simulations, mental health therapy, and physical rehabilitation.
The top three influential researchers in the field are Aggarwal R., Darzi A., and Van Herzeele I. In this study, the effectiveness levels of the authors were determined based on the h-index scores of the researchers. Pawassar and Tiberius (2021) based this ranking on the number of publications of the researchers, and the top three authors were reported as Riva G. (9), del Piccolo (6), and Schwebel DC (6). When a similar ranking was conducted in this study, the top three names differed, likely due to the additional time allowing researchers to publish more. In 2023, the most productive authors in the field, based on the number of publications, are as follows: Aggarwal R. (25), Darzi A. (17), Wiederhol BK. (17). Examining the social structures formed among these authors, it is observed that Aggarwal R. and Darzi A. have established a social network within themselves, and a similar relationship exists between Wiederhol BK. and Riva G. Likewise, the social structure between Bruder G. and Kim K. is also noteworthy among the relationships in the field’s publication productivity. Probably, every researcher who has studied or is studying on the subject has come across more than one of these authors’ studies. Examining the institutions that contribute academically to the field, Imperial Coll. Healthcare NHS Trust (England), National University Singapore (Singapore), and Clemson University (United States) are the most productive institutions. The United States, United Kingdom, and China dominate the field in the country’s specific productivity. These three countries are also leaders in terms of the number of citations.
Journal of The Society for Simulation in Healthcare is one of the leading journals that nourish the field specifically on the subject. Another influential source is the Journal of Healthcare Engineering. Statistically, one out of every ten publications is published in one of these two journals. Therefore, researchers studying on topic would benefit effectively from these journals. In their study, Pawassar and Tiberius (2021) have found the most influential journals the Journal of Medical Internet Research, JMIR Serious Games, and Games for Health Journal. It is observed that the sources that nourish the literature of the field have changed in the past 3 years.
There are only five articles worldwide with 300 or more citations on the topic. One of these articles was published in 2020, one in 2015, two in 2013, and the other in 2010. Examining these articles, it is observed that VR technology is frequently used for remote patient care, surgical intervention training, rehabilitation, or therapy scenarios. The most highly cited study on the use of VR technology in healthcare was conducted during the COVID-19 period, focusing on Telehealth during the COVID-19 pandemic and virtual care (Wosik et al., 2020). Examining the most highly cited studies from the local dataset, it is again observed that studies predominantly revolve around areas such as therapy, medicine, or healthcare profession education. There are five articles exceeding 100 global citations. Four of these are related to surgery, healthcare education curriculum, and similar healthcare education topics, while one is related to exposure therapy in psychology. From this perspective, it should be noted that scenarios created with VR are frequently preferred in healthcare education. Compared to traditional education methods, there are many studies indicating that VR-based education is more effective (Eppich et al., 2011; Plotzky et al., 2021; Chen et al., 2023; Morrow et al., 2023). Moreover, some studies demonstrate the effectiveness of VR-based education compared to modern forms of education such as online/offline digital education. These studies provide evidence that healthcare professionals improve knowledge and skill outcomes in post-training interventions. There are also results regarding the attitude, behavior, and cost-effectiveness of interactive VR technology (Kyaw et al., 2019; Ahuja et al., 2023).
The beginning period of significant change in terms of the diversity of research areas was marked by the year 2016 and onwards, igniting new trends in the field. This, in turn, led to a more frequent and diverse transformation of research areas related to the subject. Prior to 2016, research trends generally focused on simulators and simulation development, aiming to create scenarios that would be more realistic and have a minimal margin of error for future work. After 2016, there has been a noticeable shift towards using these simulations to improve surgical skills, enhance individual performance and experience, deliver applied education in fields like medicine and healthcare, as well as provide administrative and managerial training. In recent years (2020 and onwards), it is also evident that studies have predominantly focused on the treatment of psychological disorders and therapies. Pawassar and Tiberius (2021) categorized trend topics of 2021 into three main categories. The first category includes studies related to communication and VR interaction (such as patient-caregiver interactions and communication training). The second category comprises research on telemedicine and VR integration for the development of medical professionals. Finally, the third category encompasses studies on physical activities for both young and elderly individuals.
It is possible to categorize the research topics in the field into four main groups without a year constraint: basic topics, hot topics, niche topics, and emerging topics. Research areas directly related to the field, such as augmented reality, simulation, training, education, and virtual reality, fall into the basic topics category. Research topics including machine learning, artificial intelligence, the Internet of Things (IoT), rehabilitation, COVID-19, and anxiety are among the trending topics frequently preferred in recent years. In the healthcare services domain, research areas like health informatics, human-centered computing, and interaction paradigms are highly specific and technical topics in niche areas. Furthermore, in the coming years, we may frequently see healthcare-VR-related studies in the literature that include more realistic training stages thanks to biofeedback treatment processes and collision detection sensitivity. The thematic clustering analysis in this study indicates a clear transition in VR research focus over the past decade. Early research predominantly centered on technical feasibility and hardware development, whereas more recent studies emphasize patient-centered applications and clinical effectiveness.
• The emergence of VR-based rehabilitation and cognitive therapy as dominant themes reflects a paradigm shift from purely simulation-based applications toward direct patient care solutions.
• The increasing connectivity between “VR therapy” and “mental health” topics suggests that VR is becoming a mainstream tool for psychological interventions, moving beyond its traditional use in physical rehabilitation.
• The convergence of research clusters around VR and AI integration indicates a growing interest in adaptive, data-driven VR interventions. These findings highlight an ongoing shift in VR research priorities, aligning with broader trends in precision medicine and personalized healthcare.
The thematic clustering analysis in this study indicates a clear transition in VR research focus over the past decade. Early research predominantly centered on technical feasibility and hardware development, whereas more recent studies emphasize patient-centered applications and clinical effectiveness.
• The emergence of VR-based rehabilitation and cognitive therapy as dominant themes reflects a paradigm shift from purely simulation-based applications toward direct patient care solutions (Shah et al., 2023; Thakur et al., 2025).
• The increasing connectivity between “VR therapy” and “mental health” topics suggests that VR is becoming a mainstream tool for psychological interventions, moving beyond its traditional use in physical rehabilitation (Ong et al., 2022).
• The convergence of research clusters around VR and AI integration indicates a growing interest in adaptive, data-driven VR interventions. These findings highlight an ongoing shift in VR research priorities, aligning with broader trends in precision medicine and personalized healthcare (Huang et al., 2025).
5 CONCLUSION
Research on the use of VR technology in healthcare services has grown significantly in recent years. The current contexts and opportunities underscore the potential for this field to attract even more attention soon. The cross-sectional methods for application and simple ways to integrate VR into existing systems are factors that make this technology interesting and worthy of research. As a research area, VR technology has successfully taken its initial steps in development and it is on the radar of researchers across various fields. To enable developing countries to benefit more from this technology, it can be expected that VR’s accessibility will increase with further technological advancements. However, VR in healthcare services also faces some challenges such as motion sickness, a sense of presence loss, eye strain, or inappropriate real-world responses. Future research is expected to focus on addressing these challenges.
6 LIMITATIONS
This study has several limitations. First, the bibliometric analysis relies on publications indexed in the Web of Science database, which may exclude relevant studies indexed in other sources. This selection criterion could lead to a partial representation of the research landscape. Future studies could consider a broader database selection to capture a more comprehensive view of VR applications in healthcare.
Second, while bibliometric analysis provides valuable insights into research trends, it does not evaluate the methodological rigor or quality of individual studies. Future research could integrate systematic reviews or meta-analyses to complement the findings with qualitative evaluations.
Third, keyword-based co-occurrence analysis depends on the terminology used in the selected studies. Variations in keyword usage across different disciplines and languages may introduce bias in the thematic clustering results. A more refined approach incorporating natural language processing (NLP) techniques could enhance the accuracy of thematic analysis in future research.
7 FUTURE RESEARCH DIRECTIONS
Future research on VR in healthcare can explore several promising directions. First, a more comprehensive bibliometric analysis that includes multiple databases (e.g., Scopus, PubMed) would provide a broader perspective on research developments.
Second, combining bibliometric analysis with systematic literature reviews could enhance the understanding of how VR applications evolve across different medical disciplines. A meta-analysis focusing on the effectiveness of VR interventions in specific areas (e.g., rehabilitation, mental health therapy) could provide stronger empirical evidence for its adoption.
Third, emerging technologies such as artificial intelligence (AI) and augmented reality (AR) are increasingly being integrated with VR in healthcare. Future studies could investigate how these technologies interact and what implications they have for patient outcomes and clinical training. Additionally, qualitative research on user experiences and ethical considerations in VR-based medical applications could contribute to more patient-centered and ethically sound implementations. The 971 publications analyzed in this study can be made available to researchers interested in exploring this topic further upon request.
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