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Stroke, as a common clinical disease, has seen its mortality rate rising globally. Muscle dysfunction after stroke seriously affects the limb function of patients. Surface electromyography (sEMG), often referred to as the ECG of muscles, can effectively evaluate changes in muscle function in stroke patients. In this study, we searched for articles in the Web of Science database up to December 2023 and utilized the “bibliometrix” package in R software (version 4.3.3) to analyze bibliographic information. We identified 908 articles published between 1979 and 2023. Citation analysis revealed 18 articles with over 100 citations. Our bibliometric analysis included 908 articles from 1,241 institutions across 49 countries or regions, with a gradual increase in the number of articles over time. The United States led in the number of publications, followed by China, South Korea, and Japan. The Northwestern University and Shirley Ryan AbilityLab Joint Research Consortium (NU-SRAL) published the most articles with 151, accounting for 16.6% of the total. Sun Yat-sen University followed with 49 articles (5.3%), and the University of British Columbia with 35 articles (3.6%). Zhang X was the most prolific author, publishing 25 articles, while Lay B. S. was the most influential, with 120 citations. The articles were published in 371 journals, with the Journal of Electromyography and Kinesiology having the highest number, totaling 37 articles, which is about 10% of the total. The most frequent keywords were “stroke” and “rehabilitation.” Our analysis indicates a significant rise in sEMG research on stroke since 2009, suggesting that this field is a promising area for future study.

Keywords
 stroke; sEMG; bibliometric analysis; rehabilitation; clinical application


1 Introduction

Stroke is a leading cause of death and disability. According to a recent study in 2016 (1), the global risk of stroke in people aged 25 years or older was about 24.9%, which was an increase from 22.8% in 1990. The risk was found to be similar across both men and women (2). With an estimated 101 million stroke patients living worldwide in 2019 (3), approximately 34% of total global healthcare expenditures are also spent on stroke. In the United States, the average per person healthcare cost of stroke is estimated at USD 140,048 (4). Approximately 50 to 70 percent of stroke patients with long-term complications experience motor dysfunction (5, 6). Motor dysfunction (such as muscle weakness and abnormal posture control) significantly impairs patients’ daily living capabilities, participation levels, and social engagement enthusiasm. The decline in muscle function in post-stroke motor dysfunction manifests as excessive muscle co-contraction, diminished muscle strength, and dystonia development. Consequently, the assessment and management of muscle function are critical strategies for ameliorating movement disorders in stroke patients (7).

Surface electromyography (sEMG), a technique that measures muscle electrical activity through electrodes on the skin surface, serves as an appropriate tool for evaluating muscle function and discerning between physiological and pathological states (8, 9). In reality, sEMG has been utilized in neurological rehabilitation to evaluate muscle function since 1979, encompassing assessments of muscle activation (10) and co-contraction (11), along with dystonia (12). The clinical recognition of sEMG’s potential for predicting recovery is attributed to its provision of specific, quantitative data to inform treatment decisions (13). Therefore, the number of articles on the application of surface EMG in stroke has been increasing in recent years (14).

Bibliometric analysis, a quantitative method in the field of scientometrics (15), is extensively utilized for examining published literature across various domains, including stroke research (16, 17). This method can help quickly analyze the quantitative characteristics and laws of these literature, in order to provide direction and reference for future research. Employing bibliometric methods, this study analyzed the pertinent literature in the field of stroke research involving surface electromyography (sEMG). Since 2009, research on the sEMG assessment of stroke has expanded swiftly, with over 787 articles published, constituting approximately 86% of all related articles since 1979. Given this context, conducting bibliometric research on sEMG and stroke is imperative and could provide valuable insights for the field’s forthcoming developmental phase. Consequently, this study primarily employs the “bibliometrix” package (version 4.3.3) within the R environment to assess the current state of sEMG research post-stroke, offering a benchmark for subsequent research endeavors in this domain.



2 Materials and methods


2.1 Data sources and search strategies

Data were collected from the Web of Science Core Collection (WoSCC) database. WoSCC is an online platform facilitating the analysis of scientific research. WoSCC was chosen over other databases such as PubMed due to its comprehensive standardized datasets, detailed citation analysis tools, multidisciplinary coverage, and ability to provide a global research perspective, all of which are essential for robust bibliometric analysis (18, 19). Search strategy used in this study encompassed the terms of “stroke” and “surface electromyography,” and included various literature types such as article, article: early access, article proceedings paper, editorial material, letter, meeting abstract, and proceedings paper; reviews and review: early access were excluded. The search spanned papers from January 1, 1979, to December 31, 2023, resulting in 908 articles. The flowchart in Figure 1 depicts the process of papers identification and selection.

[image: Flowchart detailing a bibliometric analysis process. It starts with the Web of Science Core Collection search on stroke and surface electromyography, spanning 1979 to 2023, yielding 942 publications. Exclusions include early access reviews, reviews, and publications in Japanese, Portuguese, and Spanish, resulting in 908 retained publications for analysis.]

FIGURE 1
 The flowchart of papers identification and selection.


In R,1 the bibliographic information of the selected publications was automatically converted and analyzed using the “bibliometrix” package (20). We analyzed all information related to sources, countries, citations, world maps, institutions, authors, journals, and keywords.




3 Results


3.1 Data descriptive analysis

The results indicate that the mean citation rate for the 908 articles is 17.6%, including 7 document types: article, article: early access, article proceedings paper, editorial material, letter, meeting abstract, and proceedings paper. A total of 3,098 relevant authors were identified, with 21 being sole authors and 3,077 being multiple co-authors. The mean number of co-authors per paper was 4.81, and the proportion of internationally collaborating co-authors was 23.68%.



3.2 Global trends in the publications

A total of 908 articles related to stroke and sEMG, published between 1979 and 2023, were retrieved from the Web of Science Core Collection (WoSCC). The publication count rose from 1 in 1979 to 86 in 2023, illustrating a marked increase since 2009, at an average annual growth rate of 9.07%.



3.3 Analysis of citations

The analysis indicates that 18 articles have accumulated over 100 citations each. These articles span a range of topics, including 8 focused on clinical aspects, 3 centered on engineering fields, and an additional 7 that integrate both clinical and engineering perspectives. Figure 2B presents the top 10 most-cited documents, including an article with 429 citations titled “The timed up & go test: its reliability and association with lower-limb impairments and locomotor capacities in people with chronic stroke” (21). The study reported that the timed up & go test scores were reliable, were able to differentiate the patients from the healthy elderly subjects, and correlated well with plantarflexor strength, gait performance, and walking endurance in subjects with chronic stroke. Another highly cited article in Figure 2B with 343 citations titled “Current Hand Exoskeleton Technologies for Rehabilitation and Assistive Engineering” (22) offers an in-depth analysis of the most recent advancements in the domain of active hand exoskeletons, specifically examining their utility in rehabilitation and assistive robotics, the third sample from Figure 2B, titled “Learning to Walk with a Robotic Ankle Exoskeleton” (23) has 212 citations. This paper explored that robotic exoskeletons controlled by muscle activity could be useful tools for testing neural mechanisms of human locomotor adaptation. Additionally, Figure 2C indicates that the United States was the most frequently cited country, with 6,162 citations, followed by China with 2,725 citations.

[image: Graph (A) shows annual scientific production from 1979 to 2023, with a notable increase starting around 2000. Diagram (B) is a timeline highlighting key scientific publications from 1993 to 2015. Chart (C) is a bar graph titled "Most Cited Countries," showing the USA leading with 6,162 citations, followed by China with 2,725 citations, and other countries with fewer citations.]

FIGURE 2
 (A) The number of articles on stroke surface EMG per year. (B) Timeline of the top 10 cited documents. (C) Top 10 citied countries on sEMG in the field of stroke. The Top 10 citied countries refer to the countries of the corresponding authors of the publications in the field of surface electromyography (sEMG) for stroke rehabilitation. This information highlights the significant contributions these countries have made to the research in this field.




3.4 Analysis of countries

Based on the countries of the corresponding authors, the top five countries with the most publications were the United States, China, South Korea, Japan, and Italy. The United States contributed the most articles (240, 26.4%), followed by China (233, 25.6%), South Korea (56, 6.1%), Japan (47, 5.1%), and Italy (45, 4.9%), as shown in Figure 3A. Furthermore, Figure 3B shows research collaboration among different countries/regions in stroke rehabilitation sEMG. Based on corresponding authors’ affiliations, it uses lines between countries to indicate cooperation strength. Colors on the map also matter: blue for countries with publications, grey for those without. In general, darker colors mean more published articles. Figure 3C illustrates the trends in country production over time in the field of surface electromyography (sEMG) for stroke rehabilitation. The graph shows the cumulative number of articles published by different countries from 1979 to 2023. The USA has consistently been a leading contributor, with a significant increase in publications since 2009, reflecting its strong research foundation and continuous investment in this area. China’s growth trajectory is particularly noteworthy, showing a substantial rise in publications especially after 2010, indicating its rapidly growing research capacity and interest in sEMG for stroke rehabilitation. Other countries like South Korea, Japan, and Italy also display gradual increases in publications, though at a slower pace compared to the USA and China. These trends highlight the increasing global attention toward sEMG in stroke rehabilitation, with the USA and China playing pivotal roles in driving the research forward.

[image: (A) A bar chart showing the number of documents by corresponding authors from various countries. The USA and China have the highest counts. Colors differentiate single and multiple country publications.(B) A world map illustrating country collaborations, with lines connecting countries. The USA and China have darker shades, indicating more collaboration.(C) A line graph displaying the number of articles produced over time from 1979 to 2022. The USA and China lead in article production, showing significant growth, especially post-2000.]

FIGURE 3
 (A) Most productive countries and regions in the field of sEMG research on stroke. The red bars represent single Country Publications, which reflects a strong internal collaborative network in the subject area, facilitating the exchange of knowledge and innovation. The green bars indicate Multi-Country Publications, reflecting the country’s active role on the international stage and its ability to attract international cooperation, enhancing both the quality and international influence of scientific research. The figure illustrates the strong scientific research competitiveness of the United States and China. (B) The collaboration between countries and regions in sEMG research related to stroke is depicted. (C) The United States and China have published the most in recent years, with China’s growth rate being particularly noticeable.




3.5 Analysis of institutions

Figure 4 shows the institutions involved in the research, with a total of 1,278 institutions. Given the close collaboration between Northwestern University and Shirley Ryan AbilityLab, including shared researchers and numerous joint projects, their data have been combined. Together, they form the Northwestern University and Shirley Ryan AbilityLab Joint Research Consortium (NU-SRAL), which contributed 151 publications (16.6%). This is followed by Sun Yat-sen University (5.3%), Fudan University (4.4%), the University of Washington (4.4%), and University of British Columbia (3.6%).

[image: Bar chart titled "Most Relevant Affiliations" showing the number of articles from various institutions. NU-SRAL leads with 151 articles, followed by Sun Yat Sen University with 51, Fudan University with 40, and others ranging from 33 to 26 articles.]

FIGURE 4
 Top 10 institutions performing sEMG research works on stroke.




3.6 Analysis of the authors

A summary of the top 10 most productive authors is presented in Figure 5A. Zhang X produced the most publications, with 25 articles (2.6%), followed by Chen Y with 21 articles (2.3%), Zhou P (20, 2.2%), Zhang Y (18, 1.9%), and Li X (17, 1.8%). As shown in Authors’ Production over Time in Figure 5B, each dot represents the number of articles published by an author in a specific year, with the size of the dot indicating the quantity. This visualization helps identify trends in research output and the periods of peak activity for each author, reflecting the evolving nature of research interest and focus over time. It can be observed that Zhang X has maintained a relatively consistent output of articles and a stable number of citations in recent years, whereas Zhou P, despite a relatively smaller output in recent years, has increased production since 2023. Furthermore, regarding the authors’ local impact as depicted in Figure 5C. A higher H-index is often associated with a greater influence and contribution to the research community, though it may not always be the sole indicator of a researcher’s impact and value. Zhang X and Zhou P have the highest impact, with an H-index of 11. Finally, the collaboration map in this field was analyzed for each author (Figure 5D), revealing that Zhang X and Zhou P have been involved in the most collaborations. Zhang X from the University of Science and Technology of China mainly focuses on surface electromyography (sEMG) signal processing, analysis, and application (24). His work covers signal denoising (25), muscle synergy analysis (26), deep - learning - based pattern recognition (27), cross - user gesture recognition (28), and clinical applications like cerebral palsy (29), stroke rehabilitation (30), and muscle strength estimation (31). Zhou P’s research focuses on the decomposition, processing, and application of surface electromyography (sEMG) signals. He has developed innovative high-density sEMG decomposition techniques, including a novel framework based on iterative convolution kernel compensation and an energy-specific peel-off strategy (32), as well as methods for online sEMG signal decomposition (33). His work also explores muscle neurophysiology, such as the relationship between motor unit characteristics and muscle fatigue (34), and uses single-fiber EMG to analyze post-stroke muscle changes (35). Furthermore, Zhou P has contributed to the development of high-density sEMG decomposition technology for motor unit number estimation (36) and employed three-dimensional innervation zone imaging technology (3DIZI) to assess muscle innervation zone distribution in stroke patients (37). However, it is important to note that there is a citation gap between engineering and clinical fields. Both Zhang X and Zhou P are engineers whose work has demonstrated certain clinical relevance, providing valuable insights for stroke rehabilitation and contributing to the development of more effective rehabilitation strategies.

[image: (A) A bar chart titled "Most Relevant Authors" shows Zhang X leading with 25 articles, followed by Chen Y with 21, and Zhou P with 20. Other authors have between 18 and 14 articles. (B) Two bubble charts depict "N of articles" and "TC" over the years 2011 to 2023 for various authors. Bubble sizes and colors vary to indicate article counts and citation metrics. (C) A bar chart titled "Authors' Local Impact" displays Zhang X and Zhou P with the highest h-index of 11, followed by Chen X and Rymer WZ with 9. Other authors range from 8 to 7. Network graph showing interconnected nodes in various colors: blue, orange, green, red, and purple. Larger nodes labeled with names like "zhou p" and "zhang x" indicate central roles. Lines represent connections between nodes.]

FIGURE 5
 (A) Top 10 authors that produced sEMG research works on stroke. (B) Authors’ Production over Time. “N of articles” indicates the number of publications, while “TC” stands for “Total Citations,” representing the cumulative number of times the articles have been cited. The time of publication can be clearly and intuitively observed to understand the research hotspots in real time. (C) Authors’ Local Impact by H-index. H-index is an index used to measure the academic influence of scholars, scientists or researchers in bibliometrics. Specifically, if a scholar’s H-index is 10, it means that the scholar has at least 10 papers, each of which has been cited at least 10 times by other scholars. (D) The authors’ cooperative network on stroke surface electromyography. Each circle represents a different author, lines connecting the circles reflect connections between the authors, and variously colored networks of the linkages represent the groups of authors who frequently collaborate.




3.7 Analysis of journals

The 908 analyzed articles were published in 371 journals, Among the 371 journals, 73 are classified as clinical journals, accounting for approximately 19.68% of the total. Another 145 are classified as engineering journals, making up about 39.08% of all journals. The remaining 153 journals, which account for approximately 41.24%, are categorized as other types of journals. Figure 6 displays the top 10 journals with the largest number of publications in the field. The highest number of publications originated from the Journal of Electromyography and Kinesiology (37, 4.0%), followed by the IEEE Transactions on Neurological Systems and Rehabilitation Engineering (31, 3.4%), Frontiers in Neurology (27, 2.9%), Sensors (22, 2.4%), and Dysphagia (19, 2%). Of the top 10 journals, the IEEE Transactions on Neurological Systems and Rehabilitation Engineering (4.9) had the highest impact factor (IF). The journal is an academic publication by the IEEE (Institute of Electrical and Electronics Engineers), focusing on the fields of neural engineering and rehabilitation engineering.

[image: Bar chart titled "Most Relevant Sources" showing the number of documents from various journals. The top source is "Journal of…" with 37 documents, followed by "IEEE Transactions on…" with 31 documents, and "Frontiers in…" with 27 documents. Others include "Sensors" (22), "Dysphagia" (19), and various journals with document counts ranging from 18 to 15. Each bar includes an error line.]

FIGURE 6
 Top 10 journals publishing sEMG studies on stroke.


The Journal of Electromyography and Kinesiology, the IEEE Transactions on Neurological Systems and Rehabilitation Engineering, and Sensors are predominantly engineering journals, while the Archives of Physical Medicine and Rehabilitation and Clinical Neurophysiology are more clinically oriented. The Archives of Physical Medicine and Rehabilitation centers on applying sEMG in rehabilitation practice, offering clinician’s vital guidance to enhance post - stroke motor function using this technology. Clinical Neurophysiology delves into sEMG’s role in assessing muscle and neural functions from a neurophysiological perspective, shedding light on post - stroke muscle changes and neural recovery mechanisms. This distinction highlights a notable gap between technical knowledge and its clinical relevance or application.

In the Journal of Electromyography and Kinesiology, many articles focus on the signal processing techniques of surface Electromyography (sEMG). These engineering-focused articles often have limited direct clinical application. On the other hand, journals such as Archives of Physical Medicine and Rehabilitation and Clinical Neurophysiology have emphasized the clinical application of sEMG in clinical assessment. A study evaluated the impact of the Ekso™ exoskeleton on gait in chronic stroke patients using sEMG and other technologies. It found increased prefrontal cortex activation during assisted walking and a link between non-affected limb muscle hypoactivation/coactivation and heightened prefrontal metabolism. This shows sEMG can offer key insights into the neural mechanisms of stroke patients’ gait disorders in clinical assessment (38).

In the field of stroke rehabilitation, most research on surface electromyography (sEMG) is published in engineering journals, but only a small portion directly talks about clinical applications. On the other hand, clinical journals publish a higher proportion of articles that focus on using sEMG in rehabilitation settings (39).

This discrepancy indicates a significant gap between sEMG technological advances and their clinical application. Innovative sEMG signal processing methods in engineering journals often lack clinical validation. Clinical journals, while reporting the effectiveness of sEMG - based assessment usually omit detailed technical descriptions needed for broad adoption. To address this, studies suggest integrating sEMG recording and analysis into physiotherapists’ education to reduce technical barriers and bridge theory and practice by simplifying sEMG and highlighting its clinical benefits (40). Furthermore, more interdisciplinary research combining engineers’ technical skills with rehabilitation professionals’ clinical insights is necessary. Such collaboration can yield sEMG technologies that are both innovative and effective in real - world rehabilitation settings.



3.8 Analysis of keywords

We identified 238 keywords each mentioned over five times. Figure 7A lists the most relevant ones. “Stroke” was the most frequent (255 mentions, 12%), followed by “rehabilitation” (126, 6%), “recovery” (104, 5%), “walking” (69, 3%), “EMG” (65, 3%), and “reliability” (63, 3%). Figure 7B shows the top 10 keywords in recent sEMG stroke studies, with “stroke” being the most common. However, given “stroke” was a search keyword, its high frequency is expected and might not fully capture the field’s diverse research hotspots. The keyword “rehabilitation” reflects a trend toward comprehensive post - stroke rehabilitation interventions, covering various therapies such as physical, occupational, and speech therapy. It indicates a move toward multi - disciplinary approaches to enhance functional outcomes in stroke patients. For example, studies on task - specific training, robot - assisted therapy, and virtual - reality - based rehabilitation have shown great potential in improving motor function and activities of daily living (41). Notably, “EMG” ranked fifth with 65 mentions. Its presence underscores the technical foundation of sEMG in stroke rehabilitation research, indicating that many studies utilize EMG technology to assess muscle activity and motor function. This highlights the importance of EMG as a tool for planning and monitoring the effectiveness of rehabilitation interventions. Figure 7C presents a visual representation of the keyword co-occurrence network in stroke rehabilitation literature, where node size is proportional to the frequency of citation within the corpus. The most prominent nodes associated with the keywords “stroke,” “rehabilitation,” and “walking” indicate their prevalent use and pivotal role in shaping the research discourse. Monitoring the introduction of new keywords and the intensification of co-occurrence patterns can serve as a barometer for emerging research trajectories (42). The increasing visibility and clustering of terms like “AI-driven sEMG analysis” and “high-density sEMG” suggest these may be burgeoning areas of scholarly inquiry, pointing toward future research opportunities and potential growth sectors within the field (43, 44). These trends indicate that stroke rehabilitation research is evolving into a more holistic and technology-oriented domain, with a pronounced focus on assessing the impact of therapeutic interventions.

[image: (A) Bar chart showing the most frequent words. "Stroke" has the highest occurrences at 255, followed by "rehabilitation" with 126, and "recovery" with 104. Other words include "walking," "emg," "reliability," "gait," "movement," "activation," and "performance."(B) Line graph illustrating the cumulative occurrences of key words from 1991 to 2023, with "stroke" having the steepest rise, followed by "rehabilitation" and "recovery."(C) Network diagram linking words, with "stroke," "rehabilitation," and "recovery" centrally connecting to terms like "muscles," "gait," "performance," and "emg."]

FIGURE 7
 (A) Top 10 Frequent Words of sEMG studies on stroke. (B)The words frequency over time. (C) Co-occurrence Network Analysis of Stroke Rehabilitation Research.





4 Discussion


4.1 The increasing importance of sEMG in stroke rehabilitation

Surface electromyography (sEMG) is a vital tool in stroke rehabilitation research, offering insights into muscle activation and motor function recovery. Since 2009, there has been a significant increase in sEMG - related research, indicating its potential to improve clinical practice and policy - making. This technology plays a crucial role in addressing the growing burden of stroke, especially in countries with aging populations like the US, China, South Korea, and Japan.

The value of sEMG in stroke rehabilitation lies in its effectiveness. It can assess muscle strength, coordination, and movement patterns, providing quantitative data for rehabilitation treatment. For instance, Zhang (45) found that the REX exoskeleton rehabilitation robot was more effective than traditional training in promoting early recovery in sub - acute stroke patients. Another study showed that a combined sEMG and accelerometer (ACC) wearable sensor system could automatically recognize motor tasks and assess functional independence in stroke patients (46). These studies highlight the diverse applications and potential of sEMG in assessing rehabilitation outcomes.

However, it is important to note that there is a citation gap between engineering and clinical fields. Engineering works are predominantly cited by other engineers rather than MDs. This suggests a disconnection between the engineering and clinical communities, potentially limiting the translation of engineering innovations into clinical practice. The clinical application of engineering innovations is indeed limited. Many engineering advancements, though technically remarkable, may not be widely adopted in clinical settings due to various barriers. These include the lack of STEM (Science, Technology, Engineering and Mathematics) education among clinicians, which may make them less confident in adopting a STEM approach to patient evaluation. Other barriers include lack of awareness, complexity of integration, the cost of sEMG equipment and testing not being covered by medical insurance, and insufficient evidence of clinical benefit (47).



4.2 Interdisciplinary collaboration and clinical relevance

A physiotherapist once said, “Engineering literature is offering us racing cars when we cannot even ride a bicycle.” This metaphor vividly reflects the current gap between engineering advancements and clinical application. While engineering research continues to push the boundaries of technology, offering sophisticated and innovative solutions, clinicians may find themselves unprepared to harness these advancements due to a lack of foundational technical training or resources. As noted earlier, this disconnection can limit the translation of engineering innovations into clinical practice, highlighting the importance of interdisciplinary collaboration and education to bridge this divide. To bridge this gap, it is crucial to enhance collaboration between engineers and clinicians. A successful example is the Center for Healthcare Engineering and Patient Safety (CHEPS) at the University of Michigan, established jointly by the College of Engineering and the Medical School (48). CHEPS aims to improve the safety and quality of healthcare delivery through a multidisciplinary approach based on systems engineering. The center focuses on developing innovative solutions to real-world healthcare problems while educating engineering students for careers in healthcare delivery. CHEPS strives to employ a “truly interdisciplinary approach,” where engineers and clinical partners engage in mutually beneficial learning, thereby increasing their understanding of each other’s domain strengths. Interdisciplinary collaboration is crucial for encouraging joint research projects and multidisciplinary teams—comprising both engineers and clinicians—to be involved in the design and implementation of large-scale clinical studies from the outset. Additionally, it is vital to develop mechanisms that translate engineering research into formats that are accessible and comprehensible to clinicians, such as clinical guidelines or user-friendly technologies. Moreover, educational programs combining engineering and clinical perspectives can train a new generation of professionals to work across both fields. This includes using suitable textbooks, tutorials and manuals prepared by experts on sEMG clinical use for educational applications (44).

By taking these steps, we can work toward a more integrated approach where engineering innovations are more readily adopted and applied in clinical practice, ultimately benefiting patient care.



4.3 Impact on clinical practice and policy

The integration of sEMG technology into stroke rehabilitation is significantly influencing clinical practice and policy. The Consensus for Experimental Design in Electromyography (CEDE) project provides valuable guidance on many issues including electrode selection for EMG studies (49), which is crucial for ensuring the validity and reliability of sEMG recordings in clinical settings. By following the recommendations outlined in the CEDE project, researchers and clinicians can make informed decisions about electrode types and location for specific applications. This ensures that the sEMG data collected is of high quality and can be accurately interpreted to inform clinical decisions.

Recent advancements in sEMG techniques have enabled more detailed analysis of muscle activity and movement patterns, helping in designing more effective rehabilitation interventions. These techniques have been successfully applied in various studies to evaluate the effectiveness of different rehabilitation approaches, such as robot-assisted therapy and EMG-driven neuromuscular electrical stimulation (50).

However, the translation of these technological advancements into routine clinical practice remains a challenge. There is a need for further research to establish clear guidelines on how to best incorporate sEMG into clinical workflows and to demonstrate its cost-effectiveness and impact on patient outcomes. Additionally, policy makers should consider supporting the integration of sEMG technology into rehabilitation services by providing adequate funding and resources for training and equipment. Gupta and Aggarwal (51) indicate that using sEMG - based and other metrological methods in rehabilitation demands intensive learning, so educational - policy upgrades are needed. This implies that variations in rehabilitation - science education policies and priorities among countries and institutions affect the clinical application and efficacy of sEMG technology.



4.4 Future directions and challenges

The field of sEMG in stroke rehabilitation continues to evolve rapidly, presenting both exciting opportunities and significant challenges. The standardization of sEMG methods remains a critical issue. The CEDE project and the JEK tutorials made substantial progress in this area by developing a series of matrices that guide decision-making in recording, data analysis, and interpretation of EMG studies. These resources provide researchers and clinicians with the tools needed to ensure the quality and validity of sEMG research and its application in clinical practice.

Another important consideration for the future is the integration of sEMG with emerging technologies such as artificial intelligence (AI). AI has the potential to enhance the analysis and interpretation of sEMG data, enabling more personalized and effective rehabilitation strategies. For instance, AI - powered gesture recognition, combined with wearable rehabilitation gloves based on sEMG systems, is being researched to boost hand rehabilitation (52). However, this also requires new educational and training programs for healthcare professionals to ensure they are equipped with the skills needed to leverage these technologies effectively. The complexity of AI-driven sEMG analysis may require the formation of interdisciplinary teams that combine the expertise of rehabilitation engineers, data scientists, and healthcare providers. This shift toward interdisciplinary collaboration in clinical settings will be crucial for maximizing the benefits of AI in sEMG applications.

In addition to AI, EMG-driven feedback and robot control applications are gaining increasing attention. Recent research indicates that EMG-driven feedback, by offering real-time information to patients and therapists, can effectively enhance motor learning and functional recovery, thereby improving rehabilitation outcomes (53). Moreover, the implementation of High Density sEMG (HDsEMG) is an emerging field that provides detailed muscle activity mapping and improved signal resolution (54). This advancement has the potential to significantly deepen our understanding of muscle function and rehabilitation strategies (55).

Furthermore, the increasing availability of sEMG technology and its potential applications in various clinical and research contexts highlight the need for continued education and training. As noted in recent publications, there is a growing recognition of the importance of equipping healthcare professionals with the knowledge and skills required to utilize sEMG effectively. This includes not only technical training in the use of sEMG equipment and software but also a deeper understanding of the underlying principles of electromyography and its clinical applications. For instance, the Consensus for experimental design in electromyography (CEDE) project: Checklist for reporting and critically appraising studies using EMG (CEDE-Check) provides a comprehensive framework for ensuring the quality of EMG research reporting and critical appraisal skills, which are essential for the education and training of healthcare professionals (49, 56–59).

In clinical practice, sEMG application faces practical barriers. For example, Goffredo (60) highlights technical challenges in sEMG assessment during robot-assisted gait training in acute stroke patients. This indicates a need to address these challenges in practical application. Additionally, Medved (61) critically evaluate sEMG as a teaching subject and clinical tool in medicine and kinesiology, emphasizing the need to integrate sEMG’s theoretical knowledge and practical skills. The application of machine learning in sEMG data analysis also offers new directions for future rehabilitation practice. For instance, Moniri et al. (62) used machine learning for real-time forecasting of sEMG features related to trunk muscle fatigue, while Zhong (63) employed fusion learning for sEMG recognition of multiple upper-limb rehabilitation movements. These studies provide strong support for improving rehabilitation outcomes and efficiency.

By taking these steps, we can work toward a more integrated approach where engineering innovations are more readily adopted and applied in clinical practice, ultimately benefiting patient care. This bibliometric analysis will hopefully help to achieve this goal.




5 Limitation

It is important to acknowledge the limitations of this bibliometric analysis, particularly the fact that not all articles and journals are included in the Web of Science Core Collection. This limitation extends to non-English language journals, which are often omitted from such databases. In addition, literature statistics from institutions may affect the results due to changes in their names. Finally, because of different algorithms while using R-based bibliometric tools to generate visual maps, there are no unitary setting processes of time division, threshold, and clipping methods, which may produce some deviation.



6 Conclusion

This study offers a comprehensive overview of research trends in surface electromyography (sEMG) for stroke rehabilitation. Since 2009, there has been a significant increase in studies highlighting the potential of sEMG in this field. The US and China are leading in research output and citation impact. Keyword analysis shows that “rehabilitation” and “recovery” are key research themes, reflecting a focus on improving post-stroke functional outcomes.

Despite the growing research interest, there remains a gap between engineering advancements and clinical application, indicating a need for better translation of engineering innovations into clinical practice. Future research should focus on the clinical utility of sEMG, including cost-effectiveness and integration into clinical workflows, while developing clear application guidelines. The standardization of sEMG methods and integration with emerging technologies like artificial intelligence present significant opportunities for advancing stroke rehabilitation. By addressing these challenges and fostering interdisciplinary collaboration, sEMG can play a crucial role in enhancing rehabilitation outcomes and improving the quality of life for stroke patients.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Author contributions

ZL: Writing – original draft, Writing – review & editing. JL: Writing – review & editing. FW: Funding acquisition, Validation, Writing – review & editing. YX: Formal analysis, Writing – review & editing. YL: Project administration, Writing – review & editing. LM: Supervision, Writing – review & editing. LW: Software, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by National Natural Science Foundation of China (grant no. 62373326); Zhejiang Provincial Medicine and Health Science and Technology Project (grant no. 2022KY831).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Footnotes

1   R Project for Statistical Computing, http://www.r-project.org/ (accessed on March 20, 2024), version 4.3.3.


References
	 1. Gorelick, PB. The global burden of stroke: persistent and disabling. Lancet Neurol. (2019) 18:417–8. doi: 10.1016/S1474-4422(19)30030-4
	 2. Feigin, VL, Nichols, E, Alam, T, Bannick, MS, Beghi, E, Blake, N , et al. Global, regional, and national burden of neurological disorders, 1990–2016: a systematic analysis for the global burden of disease study 2016. Lancet Neurol. (2019) 18:459–80. doi: 10.1016/S1474-4422(18)30499-X 
	 3. Malik, AN, Tariq, H, Afridi, A, and Rathore, AF. Technological advancements in stroke rehabilitation. J Pak Med Assoc. (2022) 72:1672–4. doi: 10.47391/JPMA.22-90
	 4. Katan, M, and Luft, A. Editors. Global health neurology. Semin Neurol. (2018) 38:208–11. doi: 10.1055/s-0038-1649503
	 5. Borges, LR, Fernandes, AB, Dos Passos, JO, Rego, IAO, and Campos, TF. Action observation for upper limb rehabilitation after stroke. Cochrane Database Syst Rev. (2018) 10:CD011887. doi: 10.1002/14651858
	 6. Maceira-Elvira, P, Popa, T, Schmid, A-C, and Hummel, FC. Wearable technology in stroke rehabilitation: towards improved diagnosis and treatment of upper-limb motor impairment. J Neuroeng Rehabil. (2019) 16:142. doi: 10.1186/s12984-019-0612-y 
	 7. Busse, ME, Wiles, CM, and van Deursen, RW. Co-activation: its association with weakness and specific neurological pathology. J Neuroeng Rehabil. (2006) 3:1–8. doi: 10.1186/1743-0003-3-26
	 8. Munoz-Novoa, M, Kristoffersen, MB, Sunnerhagen, KS, Naber, A, Alt Murphy, M, and Ortiz-Catalan, M. Upper limb stroke rehabilitation using surface electromyography: a systematic review and meta-analysis. Front Hum Neurosci. (2022) 16:897870. doi: 10.3389/fnhum.2022.897870 
	 9. Ginszt, M, and Zieliński, G. Novel functional indices of masticatory muscle activity. J Clin Med. (2021) 10:1440. doi: 10.3390/jcm10071440 
	 10. Ruan, Y, Shin, H, and Hu, X. Quantifying muscle co-activation for impaired finger independence in stroke survivors. IEEE Trans Biomed Eng. (2024) 71:3293–301. doi: 10.1109/TBME.2024.3416908 
	 11. Bandini, V, Carpinella, I, Marzegan, A, Jonsdottir, J, Frigo, CA, Avanzino, L , et al. Surface-electromyography-based co-contraction index for monitoring upper limb improvements in post-stroke rehabilitation: a pilot randomized controlled trial secondary analysis. Sensors. (2023) 23:7320. doi: 10.3390/s23177320 
	 12. Campanella, W, Corazza, A, Puce, L, Privitera, L, Pedrini, R, Mori, L , et al. Shear wave elastography combined with electromyography to assess the effect of botulinum toxin on spastic dystonia following stroke: a pilot study. Front Neurol. (2022) 13:980746. doi: 10.3389/fneur.2022.980746 
	 13. Feldner, HA, Howell, D, Kelly, VE, McCoy, SW, and Steele, KM. “Look, your muscles are firing!”: a qualitative study of clinician perspectives on the use of surface electromyography in neurorehabilitation. Arch Phys Med Rehabil. (2019) 100:663–75. doi: 10.1016/j.apmr.2018.09.120 
	 14. Klein, CS, Li, S, Hu, X, and Li, X. Electromyography (EMG) techniques for the assessment and rehabilitation of motor impairment following stroke. London: Frontiers Media SA (2018). 1122 p.
	 15. Chen, Y, Lin, M, and Zhuang, D. Wastewater treatment and emerging contaminants: bibliometric analysis. Chemosphere. (2022) 297:133932. doi: 10.1016/j.chemosphere.2022.133932 
	 16. Xia, D-M, Wang, X-R, Zhou, P-Y, Ou, T-L, Su, L, and Xu, S-G. Research progress of heat stroke during 1989–2019: a bibliometric analysis. Mil Med Res. (2021) 8:5–11. doi: 10.1186/s40779-021-00300-z 
	 17. Wang, L, Chen, Y, Shen, W, Fan, X, Jia, M, Fu, G , et al. A bibliometric analysis of cardioembolic stroke from 2012 to 2022. Curr Probl Cardiol. (2023) 48:101537. doi: 10.1016/j.cpcardiol.2022.101537 
	 18. Yao, R-q, Ren, C, Wang, J-n, Wu, G-s, Zhu, X-m, Xia, Z-f , et al. Publication trends of research on sepsis and host immune response during 1999-2019: a 20-year bibliometric analysis. Int J Biol Sci. (2020) 16:27–37. doi: 10.7150/ijbs.37496 
	 19. Hu, J, Zou, J, Wan, Y, Yao, Q, Dong, P, Li, G , et al. Rehabilitation of motor function after stroke: a bibliometric analysis of global research from 2004 to 2022. Front Aging Neurosci. (2022) 14:1024163. doi: 10.3389/fnagi.2022.1024163 
	 20. Guo, J, Gu, D, Zhao, T, Zhao, Z, Xiong, Y, Sun, M , et al. Trends in piezo channel research over the past decade: a bibliometric analysis. Front Pharmacol. (2021) 12:668714. doi: 10.3389/fphar.2021.668714 
	 21. Ng, SS, and Hui-Chan, CW. The timed up & go test: its reliability and association with lower-limb impairments and locomotor capacities in people with chronic stroke. Arch Phys Med Rehabil. (2005) 86:1641–7. doi: 10.1016/j.apmr.2005.01.011 
	 22. Heo, P, Gu, GM, Lee, S-j, Rhee, K, and Kim, J. Current hand exoskeleton technologies for rehabilitation and assistive engineering. Int J Precis Eng Manuf. (2012) 13:807–24. doi: 10.1007/s12541-012-0107-2
	 23. Gordon, KE, and Ferris, DP. Learning to walk with a robotic ankle exoskeleton. J Biomech. (2007) 40:2636–44. doi: 10.1016/j.jbiomech.2006.12.006
	 24. Zhang, X, Wu, L, Zhang, X, Chen, X, Li, C, and Chen, X. Multi-source domain generalization and adaptation toward cross-subject myoelectric pattern recognition. J Neural Eng. (2023) 20:016050. doi: 10.1088/1741-2552/acb7a0 
	 25. Chen, M, Zhang, X, Chen, X, Zhu, M, Li, G, and Zhou, P. FastICA peel-off for ECG interference removal from surface EMG. Biomed Eng Online. (2016) 15:65–11. doi: 10.1186/s12938-016-0196-8 
	 26. Li, C, Chen, X, Zhang, X, Chen, X, and Wu, D. Muscle synergy analysis of eight inter-limb coordination modes during human hands-knees crawling movement. Front Neurosci. (2023) 17:1135646. doi: 10.3389/fnins.2023.1135646 
	 27. Xue, B, Wu, L, Liu, A, Zhang, X, Chen, X, and Chen, X. Detecting the universal adversarial perturbations on high-density sEMG signals. Comput Biol Med. (2022) 149:105978. doi: 10.1016/j.compbiomed.2022.105978 
	 28. Li, X, Zhang, X, Chen, X, Chen, X, and Liu, A. Cross-user gesture recognition from sEMG signals using an optimal transport assisted student-teacher framework. Comput Biol Med. (2023) 165:107327. doi: 10.1016/j.compbiomed.2023.107327 
	 29. Tang, L, Li, F, Cao, S, Zhang, X, Wu, D, and Chen, X. Muscle synergy analysis in children with cerebral palsy. J Neural Eng. (2015) 12:046017. doi: 10.1088/1741-2560/12/4/046017 
	 30. Zhu, G, Zhang, X, Tang, X, Chen, X, and Gao, X. Examining and monitoring paretic muscle changes during stroke rehabilitation using surface electromyography: a pilot study. Math Biosci Eng. (2019) 17:216–34. doi: 10.3934/mbe.2020012 
	 31. Hu, R, Chen, X, Cao, S, Zhang, X, and Chen, X. Upper limb end-effector force estimation during multi-muscle isometric contraction tasks using HD-sEMG and deep belief network. Front Neurosci. (2020) 14:450. doi: 10.3389/fnins.2020.00450 
	 32. Zheng, Y, Ma, Y, Liu, Y, Houston, M, Guo, C, Lian, Q , et al. High-density surface EMG decomposition by combining iterative convolution kernel compensation with an energy-specific peel-off strategy. IEEE Trans Neural Syst Rehabil Eng. (2023) 31:3641–51. doi: 10.1109/TNSRE.2023.3309546
	 33. Zhao, H, Zhang, X, Chen, M, and Zhou, P. Online decomposition of surface electromyogram into individual motor unit activities using progressive FastICA peel-off. IEEE Trans Biomed Eng. (2023) 71:160–70. doi: 10.1109/TBME.2023.3294016
	 34. He, J, Houston, M, Li, S, Zhou, P, and Zhang, Y. Alterations of motor unit characteristics associated with muscle fatigue. IEEE Trans Neural Syst Rehabil Eng. (2023) 31:4831–8. doi: 10.1109/TNSRE.2023.3338221 
	 35. Huang, C, Yao, B, Li, X, Li, S, and Zhou, P. Muscle Fiber diameter and density alterations after stroke examined by single-Fiber EMG. Neural Plast. (2021) 2021:1–7. doi: 10.1155/2021/3045990 
	 36. Peng, Y, He, J, Yao, B, Li, S, Zhou, P, and Zhang, Y. Motor unit number estimation based on high-density surface electromyography decomposition. Clin Neurophysiol. (2016) 127:3059–65. doi: 10.1016/j.clinph.2016.06.014 
	 37. Zhang, C, Chen, Y-T, Liu, Y, Zhou, P, Li, S, and Zhang, Y. Three dimensional innervation zone imaging in spastic muscles of stroke survivors. J Neural Eng. (2019) 16:034001. doi: 10.1088/1741-2552/ab0fe1 
	 38. Caliandro, P, Molteni, F, Simbolotti, C, Guanziroli, E, Iacovelli, C, Reale, G , et al. Exoskeleton-assisted gait in chronic stroke: An EMG and functional near-infrared spectroscopy study of muscle activation patterns and prefrontal cortex activity. Clin Neurophysiol. (2020) 131:1775–81. doi: 10.1016/j.clinph.2020.04.158 
	 39. Hesam-Shariati, N, Trinh, T, Thompson-Butel, AG, Shiner, CT, and McNulty, PA. A longitudinal electromyography study of complex movements in poststroke therapy. 2: changes in coordinated muscle activation. Front Neurol. (2017) 8:277. doi: 10.3389/fneur.2017.00277 
	 40. McManus, L, De Vito, G, and Lowery, MM. Analysis and biophysics of surface EMG for physiotherapists and kinesiologists: toward a common language with rehabilitation engineers. Front Neurol. (2020) 11:576729. doi: 10.3389/fneur.2020.576729 
	 41. Hung, C-s, Hsieh, Y-w, Wu, C-y, Lin, Y-t, Lin, K-c, and Chen, C-l. The effects of combination of robot-assisted therapy with task-specific or impairment-oriented training on motor function and quality of life in chronic stroke. PM&R. (2016) 8:721–9. doi: 10.1016/j.pmrj.2016.01.008
	 42. Meng, X, Lu, Z, Mi, F, Sha, S, and Li, T. Research hotspots and emerging trends in targeted therapy for colorectal cancer: a bibliometric analysis (2000-2023). Discov Oncol. (2025) 16:789. doi: 10.1007/s12672-025-02632-x 
	 43. Zhang, W, Zhao, T, Zhang, J, and Wang, Y. LST-EMG-net: long short-term transformer feature fusion network for sEMG gesture recognition. Front Neurorobot. (2023) 17:1127338. doi: 10.3389/fnbot.2023.1127338 
	 44. Buteau, E, Gagne, G, Bonilla, W, Boukadoum, M, Fortier, P, and Gosselin, B. TinyML for real-time embedded HD-EMG hand gesture recognition with on-device fine-Tuning. Annual international conference of the IEEE engineering in medicine and biology society. pp. 1–6. (2024).
	 45. Zhang, Y, Zhao, W, Wan, C, Wu, X, Huang, J, Wang, X , et al. Exoskeleton rehabilitation robot training for balance and lower limb function in sub-acute stroke patients: a pilot, randomized controlled trial. J Neuroeng Rehabil. (2024) 21:98. doi: 10.1186/s12984-024-01391-0 
	 46. Roy, SH, Cheng, MS, Chang, S-S, Moore, J, De Luca, G, Nawab, SH , et al. A combined sEMG and accelerometer system for monitoring functional activity in stroke. IEEE Trans Neural Syst Rehabil Eng. (2009) 17:585–94. doi: 10.1109/TNSRE.2009.2039597 
	 47. Campanini, I, Disselhorst-Klug, C, Rymer, WZ, and Merletti, R. Surface EMG in clinical assessment and neurorehabilitation: barriers limiting its use. Front Neurol. (2020) 11:934. doi: 10.3389/fneur.2020.00934 
	 48. Sankaran, RR, Ameling, JM, Cohn, AEM, Grum, CM, and Meddings, J. A practical guide for building collaborations between clinical researchers and engineers: lessons learned from a multidisciplinary patient safety project. J Patient Saf. (2021) 17:e1420–7. doi: 10.1097/PTS.0000000000000667 
	 49. Besomi, M, Hodges, PW, Van Dieën, J, Carson, RG, Clancy, EA, Disselhorst-Klug, C , et al. Consensus for experimental design in electromyography (CEDE) project: electrode selection matrix. J Electromyogr Kinesiol. (2019) 48:128–44. doi: 10.1016/j.jelekin.2019.07.008 
	 50. Chen, Y-W, Chiang, W-C, Chang, C-L, Lo, S-M, and Wu, C-Y. Comparative effects of EMG-driven robot-assisted therapy versus task-oriented training on motor and daily function in patients with stroke: a randomized cross-over trial. J Neuroeng Rehabil. (2022) 19:6. doi: 10.1186/s12984-021-00961-w 
	 51. Gupta, S, and Aggarwal, S. Strategies for STEM and SEMG applications in clinical practice-lessons from the past. Front Rehabil Sci. (2024) 5:1500316. doi: 10.3389/fresc.2024.1500316 
	 52. Guo, K, Orban, M, Lu, J, Al-Quraishi, MS, Yang, H, and Elsamanty, M. Empowering hand rehabilitation with ai-powered gesture recognition: a study of an semg-based system. Bioengineering. (2023) 10:557. doi: 10.3390/bioengineering10050557 
	 53. Au, CY, Mehra, P, Leung, KW, and Tong, RK. Effects of electromyographically-driven neuromuscular stimulatio cycling system on the lower-limb of stroke survivors. 2019 IEEE 16th international conference on rehabilitation robotics (ICORR, IEEE. (2019).
	 54. Tacca, N, Baumgart, I, Schlink, BR, Kamath, A, Dunlap, C, Darrow, MJ , et al. Identifying alterations in hand movement coordination from chronic stroke survivors using a wearable high-density EMG sleeve. J Neural Eng. (2024) 21:046040. doi: 10.1088/1741-2552/ad634d 
	 55. Feng, J, Yang, MJ, Kyeong, S, Kim, Y, Jo, S, Park, HS , et al. Hand Grasp Motion Intention Recognition Based on High-Density Electromyography in Chronic Stroke Patients. 45th Annual International Conference of the IEEE Engineering in Medicine & Biology Society (EMBC); (2023).
	 56. McManus, L, Lowery, M, Merletti, R, Søgaard, K, Besomi, M, Clancy, EA , et al. Consensus for experimental design in electromyography (CEDE) project: terminology matrix. J Electromyogr Kinesiol. (2021) 59:102565. doi: 10.1016/j.jelekin.2021.102565 
	 57. Gallina, A, Disselhorst-Klug, C, Farina, D, Merletti, R, Besomi, M, Holobar, A , et al. Consensus for experimental design in electromyography (CEDE) project: high-density surface electromyography matrix. J Electromyogr Kinesiol. (2022) 64:102656. doi: 10.1016/j.jelekin.2022.102656 
	 58. Martinez-Valdes, E, Enoka, RM, Holobar, A, McGill, K, Farina, D, Besomi, M , et al. Consensus for experimental design in electromyography (CEDE) project: single motor unit matrix. J Electromyogr Kinesiol. (2023) 68:102726. doi: 10.1016/j.jelekin.2022.102726 
	 59. Besomi, M, Devecchi, V, Falla, D, McGill, K, Kiernan, MC, Merletti, R , et al. Consensus for experimental design in electromyography (CEDE) project: checklist for reporting and critically appraising studies using EMG (CEDE-check). J Electromyogr Kinesiol. (2024) 76:102874. doi: 10.1016/j.jelekin.2024.102874 
	 60. Goffredo, M, Infarinato, F, Pournajaf, S, Romano, P, Ottaviani, M, Pellicciari, L , et al. Barriers to sEMG assessment during overground robot-assisted gait training in subacute stroke patients. Front Neurol. (2020) 11:564067. doi: 10.3389/fneur.2020.564067 
	 61. Medved, V, Medved, S, and Kovač, I. Critical appraisal of surface electromyography (sEMG) as a taught subject and clinical tool in medicine and kinesiology. Front Neurol. (2020) 11:560363. doi: 10.3389/fneur.2020.560363 
	 62. Moniri, A, Terracina, D, Rodriguez-Manzano, J, Strutton, PH, and Georgiou, P. Real-time forecasting of sEMG features for trunk muscle fatigue using machine learning. IEEE Trans Biomed Eng. (2020) 68:718–27. doi: 10.1109/TBME.2020.3012783
	 63. Zhong, T, Li, D, Wang, J, Xu, J, An, Z, and Zhu, Y. Fusion learning for sEMG recognition of multiple upper-limb rehabilitation movements. Sensors (Basel). (2021) 21:18–26. doi: 10.3390/s21165385 


Copyright
 © 2025 Liao, Li, Wu, Xia, Li, Ma and Wu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-16-1568797-g005.jpg
Most Relevant Authors

9
2 14
( I

& & & o A N
N N > S >
& & 7Y g
<8 &
Authors
(A)
N of articles
5 '
2
£ o2
< .3
® 4
o5
2011 2012 2013 2018 2015 2016 2017 201 2010 2020 2021 2022 2028
year
TC
o
o1
o040
®5099
ZHoUP ® 0@ @0 0 o s+ @0
2011 2012 2013 2018 2015 2016 2017 201 2010 2020 2021 2022 2023
year
(B)
Authors' Local Impact
i =114 11
10
8
3
B &
.:I a
- 5
o
hd 3
< N
Sl O
&
©)

rymer wz

®) °






OPS/images/fneur-16-1568797-g006.jpg
N. of Documents

Most Relevant Sources

Most Relevant Sources





OPS/images/fneur-16-1568797-g003.jpg
Corresponding Author's Countries

(A) Sl
(B)
Countries Production Over Time
1200
1000
800
— USA
600 — CHINA
400 e JAPAN
e [TALY
200 = KOREA
Dmﬁom N ¥ W ® O ;DwON
§EEEEECEEEE5588¢8¢

©) Year





OPS/images/fneur-16-1568797-g004.jpg
Most_Relevant_Affiliations

Institutions





OPS/images/fneur-16-1568797-g007.jpg
(A) Most Frequent Words

300 —755

126

104

Key words Plus
-
G
3

(B) M Occurrences
Words' Frequency over Time

== STROKE
i 250
8 = REHABILITATION
S 200 e RECOVERY
3 e WALKING
& 150 —EMG
£ —— RELIABILITY
g 00 —GAT
5
= MOVEMENT
° s
= ACTIVATION
0 « e PERFORMANCE
B e NN
8888858888 s2888888
2223233 RRIRIRRRRRR
L]
© . * “ -
[
e L






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Bibliometric analysis of surface electromyography trends in stroke rehabilitation research



		1 Introduction



		2 Materials and methods



		2.1 Data sources and search strategies









		3 Results



		3.1 Data descriptive analysis



		3.2 Global trends in the publications



		3.3 Analysis of citations



		3.4 Analysis of countries



		3.5 Analysis of institutions



		3.6 Analysis of the authors



		3.7 Analysis of journals



		3.8 Analysis of keywords









		4 Discussion



		4.1 The increasing importance of sEMG in stroke rehabilitation



		4.2 Interdisciplinary collaboration and clinical relevance



		4.3 Impact on clinical practice and policy



		4.4 Future directions and challenges









		5 Limitation



		6 Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Footnotes



		References



















OPS/images/fneur-16-1568797-g001.jpg
Web of Science
Core Collection

-—

L

Topic search: stroke and
Surface electromyography
All languages

All document types
Timespan:1979.01-2023.12

Total publications
n=942

Y

Exclude Article Type:
~<————— Review:Early access
Review

Retained publications
n=908

!

Bioliometric
analysis

Excluded Language:
Japanese
Portuguese
Spanish






OPS/images/fneur-16-1568797-g002.jpg
Articles

Annual Scientific Production

100
90
80
70
60
50
40
30
20
10
0
R N R R
FEg8s88c88a88c88¢e5:e8¢8¢8¢
o 22233223 RRRIR/RIRRRERR
Year
(A)
ZHANG F, 2012, NEUROCOMPUTING
GORGONKE 07,9 | | Zrmx 017 J ELEGTROMYOGR
SRR . STEINJ 2007, Ay FE P2012, INT J PREGIS ENG
ARCH ORAL Bif 2007, 2012,
CH ORAL BIOL PHYS MED REHABIL MANUF
SIEMIONOW V, 2000, STEELE KM, 2015, DEV MED CHILD
4 i NG SS, 2005, ARCH
EXP BRAIN RES 2 E NEUROL
bl NOVAK D, 2015, ROBOT AUTON
svst
(B)
Most Citied Countries
7000 6162
o 600
S 5000
& om0 2725
g 300
> 2000
Z %6 679 651 598
1000
o |
S
I <& K 2
N & @$ (y?y- & ?q

© Countries





OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Bibliometric analysis of surface
electromyography trends in
stroke rehabilitation research












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






