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Background: Bibliometrics can trace general research trends in a particular field. Mucopolysaccharidoses (MPS), as a group of rare genetic diseases, seriously affect the quality of life of patients and their families. Scholars have devoted themselves to studying MPS’s pathogenesis and treatment modalities and have published many papers. Therefore, we conducted a bibliometric and visual study of the top 100 most highly cited articles to provide researchers with an indication of the current state of research and potential directions in the field.
Methods: The Web of Science Core Collection was searched for articles on MPS from 1 January 1900, to 8 November 2023, and the top 100 most cited articles were screened. The title, year of publication, institution, country, and first author of the articles were extracted and statistically analyzed using Microsoft Excel 2007. Keyword co-occurrence and collaborative networks were analyzed using VOSviewer 1.6.16.
Results: A total of 9,273 articles were retrieved, and the top 100 most cited articles were filtered out. The articles were cited 18,790 times, with an annual average of 188 citations (122–507). Forty-two journals published these articles, with Molecular Genetics and Metabolism and Proceedings of the National Academy of Sciences of the United States being the most published journal (N = 8), followed by Pediatrics (N = 7), Blood (N = 6). The United States (N = 68), the UK (N = 25), and Germany (N = 20) were the top contributing countries. The Royal Manchester Children’s Hospital (N = 20) and the University of North Carolina (N = 18) were the most contributing institutions. Muenzer J was the most prolific author (N = 14).
Conclusion: We conducted a bibliometric and visual analysis of the top 100 cited articles in MPS. This study identifies the most influential articles currently available in the field of MPS, which provides a good basis for a better understanding of the disease and informs future research directions.
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1 INTRODUCTION
Mucopolysaccharidoses (MPSs) are a rare and heterogeneous group of inherited lysosomal storage disorders that can be classified into seven major disorders, including 11 subtypes (Kobayashi, 2019). The combined incidence of all MPS ranges from 1.53 to 4.8 cases per 100,000 live births and is characterized by progressive multiorgan involvement (Pinto et al., 2004; Khan et al., 2017). MPS is caused by defects in genes coding for different lysosomal enzymes degrading glycosaminoglycans (GAG), such as heparan sulfate (HS), chondroitin sulfate (CS), dermatan sulfate (DS) and keratan sulfate (KS). The deficient enzyme activity leads to systemic storage of GAG and a wide range of clinical manifestations (Puckett et al., 2021). For example, accumulation of GAG in growth plates and articular cartilage accelerates chondrocyte apoptosis and inflammation, leading to growth failure, limited joint range of motion, and reduced mobility (Clarke, 2011). Accumulation of GAG in the eye can lead to a variety of ocular comorbidities such as corneal clouding, glaucoma, retinopathy, and ocular nerve involvement, which can result in visual disability (Nagpal et al., 2022). There are also significant neurocognitive symptoms associated with MPS, such as developmental delays, behavioral disorders, and hydrocephalus (Shapiro and Eisengart, 2021). These disease manifestations seriously affect the quality of life of patients and their families. Scholars have devoted themselves to studying the pathogenesis and treatment modalities of MPS, exploring the efficacy and pitfalls of therapeutic modalities such as hematopoietic stem cell transplantation (HSCT), enzyme replacement therapy (ERT), and gene therapy (GT), and many papers have been published.
Citation analysis is essential to bibliometrics, identifying the most influential works in MPS(J. J. Zhou et al., 2017; Zhu et al., 2021). In general, the more citations an article has received, the more valuable and significant it is in the field (Kreutzer et al., 2017). Identifying the most cited works is crucial for clinicians or researchers in related fields to identify the most active areas and help guide future work. Therefore, this method is widely used in other areas of literature analysis (Karslı and Tekin, 2021; Liu et al., 2022) to identify high-quality articles in the field. However, few analyses have reported the most cited works on MPS. Hence, this study aimed to conduct a longitudinal review of the research in this field to provide a comprehensive picture of the research in the field and to identify the top 100 most cited articles on MPS in Web of science (WoS) in an effort to identify important contributions to the literature in the field as well as to provide direction for future research.
2 MATERIALS AND METHODS
2.1 Data sources
The number of citations of the same article in different databases is not the same, in order to avoid inconsistency in the results, so we choose only one database to search (Zhang et al., 2023). The Web of Science Core Collection (WoSCC) is the most extensively utilized database in academic research (L. Chen et al., 2023; Liu et al., 2024; Zhou et al., 2023), so we searched the WoSCC for articles related to MPS and sorted them in descending order of citations to filter the top 100 most-cited articles. The search was performed using the following terms: TI=(mucopolysaccharidosis) OR TI=(Mucopolysaccharidoses) OR TI=(Mucopolysaccharide Diseases) OR TI=(Mucopolysaccharides) OR TI=(MPS) OR TI=(Hurler syndrome) OR TI=(Hunter syndrome) OR TI=(Sanfilippo syndrome) OR TI=(Morquio syndrome) OR TI=(Marateaux-Lamy syndrome) OR TI=(Sly syndrome) OR TI=(Hyaluronidase deficiency), the language is set to English, the type of article is not limited, and the period from 1 January 1900 to 8 November 2023. Two investigators agreed on the search terms and independently screened the articles by reading the abstract or full text. If disagreements were encountered, a third researcher exercised judgment. This study did not require ethical approval as all data were obtained from publicly available WoS databases. (Figure 1).
[image: Figure 1]FIGURE 1 | Flowchart of literature selection and analysis.
2.2 Data extraction and organization
We extracted the following data from each article: title of the article, year of publication, first author, research institution and country (whichever is the first author), name of the journal in which the article was published, Journal Citation Reports (JCR) partition (if there are more than one partition, the highest division counts), impact factor, number of citations, type of article, average number of citations received after publication of each article, and WOS category (if it belongs to more than one category, the first one will be the most important). For the country information extracted from the study, we categorized Taiwan as China (Gao et al., 2019; Huang et al., 2023).
2.3 Statistical analysis
Descriptive statistical analysis of the articles was performed using Microsoft EXCEL 2007, containing title, year of publication, journal of publication, overall number of citations, average number of citations, impact factor, etc.; Correlation analysis was performed using SPSS 24.0, using the Pearson’s correlation coefficient (R) to determine that the difference was considered statistically significant when p < 0.05; Knowledge graphical analysis was performed using VOSviewer1.6.16 for knowledge graph analysis to map the collaborative network between countries, institutions and authors. The network contains three features: node size, connectivity, and color. A node represents a specific element such as country, author, or institution; the node’s size indicates the number or frequency of publications, and the node’s color indicates the year in which the article was published. The lines between nodes represent the number of times they appear together.
3 RESULT
3.1 Descriptive statistics
Based on the above search formula, we retrieved 9,273 articles related to MPS and filtered out the top 100 most cited documents.
3.2 Publication year, citation
Years of publication for the top 100 articles ranged from 1979 to 2017, articles published in 2018–2023 were not included. The annual publication rate varied from one to seven articles per year, with a majority of the articles (69%) being published since 1998. Notably, the highest number of articles (n = 7) was published in 2011. (Figure 2).
[image: Figure 2]FIGURE 2 | Publishing years of the 100 top-cited articles on mps.
The top 100 articles were cited 18,790 times, with an annual average of 188 citations (122–507). There were 23 articles with more than 200 citations. A highly significant correlation existed between total citations and average annual citations (rs = 0.653, p < 0.001). There was no significant correlation between total citations and article age (rs = −0.007, p = 0.946). There was a significant correlation between average annual citations and article age (rs = −0.668, p < 0.001).
3.3 Article types and contents
The articles were ranked in descending order of citations to obtain the top 100 highly cited articles (Table 1). Among them, 85 were original articles and 15 were review articles.
TABLE 1 | 100 top-cited articles on MPS.
[image: Table 1]We found these articles mainly focused on the epidemiology, drug treatment trials, animal experiments, identification and diagnosis, management, and treatment guidelines of MPS by reading the titles or abstracts. These articles belong to 17 categories of Web of Science, of which the top three are Genetics and Heredity (N = 18), Pediatrics (N = 18), and Endocrinology and Metabolism (N = 13) (Table 2). Bone marrow transplantation (BMT), enzyme replacement therapy, lysosomal storage disease, hurler syndrome, hunter-syndrome, and central nervous system (CNS) were the high-frequency keywords that appeared (Figure 3).
TABLE 2 | Type of study and categories in the 100 top-cited studies on MPS.
[image: Table 2][image: Figure 3]FIGURE 3 | The co-occurrence network of keywords network on MPS.
3.4 Journal analysis
Forty-two journals published these articles; Table 3 shows the top 10 journals with more than three publications. Of these, Molecular Genetics and Metabolism and Proceedings of the National Academy of Sciences of the United States of America was the most published journal (N = 8), followed by Pediatrics (N = 7). The IF of 42 journals varied from 1.2 to 158.5. There were 22 journals with an IF < 5.000, 11 from 5.000–10.000, nine with an IF > 10.000, and three journals with an IF > 40. Three journals were not included in the 2022 edition of the JCR. The journal with the highest IF (158.5) was the New England Journal of Medicine, which published three of the most cited articles. Nine of the top 15 journals in the JCR are in Q1, five are in Q2, and one is in Q3.
TABLE 3 | Journals publishing the top 100 most cited articles.
[image: Table 3]3.5 Analysis of country
A total of 25 countries published these 100 papers. Table 4 shows the top ten countries with the most publications. Among the top 100 most cited articles, the USA (N = 68) contributed the most, followed by the UK(N = 25) and Germany (N = 20). When ranked by the average number of citations per article, the top three are Canada (226), Germany (212), and the UK (199). A vast network of collaborations has been formed in this field, with the United States of America, UK, and Germany having very close collaborations (Figure 4).
TABLE 4 | Top 10 countries contributing to the 100 most cited articles.
[image: Table 4][image: Figure 4]FIGURE 4 | The country collaboration network on MPS.
3.6 Analysis of institution
A total of 234 institutions contributed to the one hundred articles. Table 5 shows the top 10 institutions contributing seven or more articles, six from the United States of America. The most significant contributor was Royal Manchester Children’s Hospital (N = 20) from the UK, followed by the University of North Carolina with 18 articles, Biomarin Pharmaceut Inc. and the University of Minnesota both with 13 articles. Led by the top institutions, the institutions collaborated extensively and closely, forming a more extensive collaborative network (Figure 5).
TABLE 5 | Institutions contributing to the 100 most cited articles.
[image: Table 5][image: Figure 5]FIGURE 5 | The institution collaboration network on MPS.
3.7 Analysis of author
557 authors contributed to 100 articles, and Table 6 shows the top 10 authors who contributed the most to these 100 articles. Muenzer J was the most prolific author, with 14 publications and 3,487 citations. This scholar mainly focused on treating MPS type II, i.e., Hunter’s syndrome (Muenzer et al., 2006; Muenzer et al., 2007; Muenzer, 2014). This was followed by Harmatz, P (N = 12) and Hopwood, JJ (N = 12). Muenzer, J and Harmatz, P are both from the United States of America, and Hopwood, JJ is from Australia. After visually analyzing author collaborations using VOSviewer and plotting the knowledge graph several times, the minimum number of author appearances was set to four (Figure 6). Most researchers do not appear in our graph because they have fewer than four articles. The nodes in the graph represent authors, and the larger the node, the greater the number of articles they have published. Extensive collaboration exists between most of the top authors.
TABLE 6 | The top 10 authors most frequently appearing in publications.
[image: Table 6][image: Figure 6]FIGURE 6 | The author collaboration network on MPS.
5 DISCUSSION
This study reviews clinical and research advances by bibliometric and visual mapping of the top 100 most cited articles in the field of MPS, with the expectation of providing new ideas to researchers. Molecular Genetics and Metabolism and Proceedings of the National Academy of Sciences of the United States of America published the highest number of papers, and the New England Journal of Medicine published the most articles with the highest average number of citations. The United States was the most productive country. The Royal Manchester Children’s Hospital was the most influential institution. Muenzer J was the most prolific author, with 14 publications. This study found that there is extensive and close collaboration between the top-ranked countries, institutions, and authors, and analyzing these collaborative networks not only visualizes the number of publications, but also reflects their connections and the evolution and development of the field as a whole, and it can help us to retrieve resources more efficiently (Liu et al., 2024).
Among the top 100 most cited articles, 27 are MPS I (11 of them on MPS IH), 11 are MPS II, nine are MPS III (four on MPS IIIA), five are MPS IV (all on MPS IVA), eight are MPS VI, three are MPS VII, one is MPS IX, and the rest of the articles do not have a clear classification of the types of MPS were not categorized. As we can see, among the 100 most cited articles, MPS I is the most popular type. The possible reason for this is that MPS I is the most common type of MPS, with a higher prevalence than the other types, and therefore there is more attention paid to it (Scott et al., 1995; Çelik et al., 2021). MPS II is the first MPS disease to be reported, and the manifestations of this disease were described in detail by Dr. Hunter in 1917 (Hunter, 1917), hence the name Hunter syndrome. However, the treatment of MPS lagged by decades. In 1968, a study by Elizabeth Neufeld et al. first found that MPS progression could be delayed or even terminated by providing deficient enzymes to MPS patients (Fratantoni et al., 1968). This result provided the framework for the modern treatment of MPS. Research in this field has been going on for more than a hundred years, but the amount of research produced is far less than the short burst of Covid19-related research (Y. Chen et al., 2021; Wang et al., 2023; Zhang et al., 2022). There are several possible reasons for this: MPS is a rare disease with a low incidence, and thus may attract less research attention (Platt, 2018); The lack of public awareness of MPS may affect the raising of research funds and the promotion of research; Due to the limited number of MPS patients, there are few clinical data available for research, which may limit the depth of research and the development of new treatment methods. Therefore, increasing the understanding of MPS and investing more research resources are of great significance to improve the diagnosis and treatment of MPS patients.
Keywords are the condensed summary of an article, and if they frequently appear together, they are considered to be a research hotspot in this field (Liu et al., 2024; Zhu and Zhang, 2021). The co-occurrence analysis of keywords in this study showed that bone marrow transplantation, enzyme replacement therapy, lysosomal storage disease, hurler syndrome, Children, alpha-l-iduronidase, hunter-syndrome, and central nervous system were the research hotspots in the field of MPS. These keywords mainly included the classification and treatment of MPS. Lysosomal storage disease (LSD) is a group of inherited metabolic diseases that includes more than 70 diseases (Parenti et al., 2021), of which MPS is a subclass. The earliest attempts to treat LSD were to use bone marrow transplantation (BMT) in patients with MPS I, also known as hematopoietic stem cell transplantation (HSCT). The success of such attempts has resulted in hundreds of patients benefiting from this treatment and extending their life expectancy (Aldenhoven et al., 2015; Rodgers et al., 2017; Taylor et al., 2019; Guffon et al., 2021). In addition, HSCT has a good effect on improving neurocognitive function. Therefore, it is also still considered a first-line treatment for MPS IH, even though it requires frequent medical interventions and creates a substantial burden of disease (Taylor et al., 2019). The findings of long-term studies and the implementation of management guidelines on enzyme replacement therapy (ERT) suggest that patients with MPS derive multiple benefits from this treatment (Giugliani et al., 2007; Muenzer et al., 2009; Muenzer et al., 2011a; Muenzer et al., 2011b; Hendriksz et al., 2014; Hendriksz et al., 2016). The most cited review article (Wraith et al., 2008) and Randomised controlled trial (RCT) article (Muenzer et al., 2006) both reported the therapeutic effect of idursulfase replacement therapy for MPS II, a weekly infusion of idursulfase (0.5 mg/kg) could significantly increase walking distance, improve lung function, increase elbow range of motion, reduce urinary GAG levels, and reduce organ size in patients with MPS II. However, conventional idursulfase does not cross the blood-brain barrier and may not improve CNS dysfunction in patients with severe MPS II. Therefore, a new generation of ERT has been developed and studied to overcome the inability of conventional ERT to reach the CNS, which will be described later.
Among the top 100 articles, there are 45 basic studies and 31 clinical studies. Basic research is the cornerstone of research in the biomedical field, and the etiology, pathogenesis, and treatment methods of MPS(Baldiotti et al., 2021). The most cited basic studies (Snyder et al., 1995) published in Nature in 1995, which transplanted p-glucuronidase-expressing neural progenitor cells into the ventricles of MPS VII neonatal mice and showed that lysosomal stores were significantly reduced or absent in both neurons and glial cells of treated MPS VII mice compared to untreated controls. This provides a model for using neural progenitor cells to transfer other foreign genes or factors to the CNS. Recent basic studies have shed light on the link between storage-related substances, lysosomal dysfunction, innate immune activation, and hyperinflammation that aggravate MPS symptoms, and these mechanisms could be important targets for new therapies (Kendall and Holian, 2021; Tillo et al., 2022; Xu and Núñez, 2023). Therefore, a new generation of ERT has been developed and investigated to overcome the problem that conventional ERT therapy does not reach the CNS, which we will talk about later.
The United States of America was the most prolific country, publishing 68 percent of the highly cited articles, followed by the UK, Germany, and France, with the majority of the top 100 articles coming from Europe and the United States, with only one coming from Asia. The contribution of the United States is reported to be influential not only in the field of MPS but also in other fields such as orthopedics. On the one hand, this is because the United States of America has many top academic institutions and scientific research personnel (Adnan and Ullah, 2018). On the other hand, the United States provides strong support and more funding for academic activities (Bullock et al., 2018; da Costa Rosa et al., 2022), which provides a solid foundation for academic research. Canada, the UK, and Germany are all important research partners, and these countries are also highly productive in the field, forming a close-knit collaborative network among themselves. However, when we changed the metric to the average number of citations per article, the top three countries became Canada, Germany, and the UK. We believe that one reason for this is that all three countries have close collaborations with the United States, and their research findings have increased visibility and dissemination, so their research findings are likely to receive more citations (Sugimoto et al., 2017; Chinchilla-Rodríguez et al., 2019). The second reason may be that they publish fewer articles and have a more focused area of research, which makes them more likely to be cited. The larger size of the research community in the United States may result in a wider distribution of citations for many articles, thus reducing the average citation rate. although the average citation index per article is higher, this does not necessarily reflect a country’s overall research output or impact. Therefore we need to consider a variety of factors when selecting indicators for evaluation.
In general, rare diseases rarely attract the attention of pharmaceutical companies due to their small number of patients, complex conditions, and high research and development costs (Platt, 2018). Interestingly, however, some pharmaceutical companies were included in our study and were among the top 100 highest-yielding institutions. Such as Genzyme corp., Biomarin pharmaceutics inc. Both companies specialize in the development of drugs for rare diseases. Genzyme Corp. developed the first biological therapy for LSD, enzyme replacement therapy for Gaucher disease type 1 (Brady, 2006). This is an achievement of academic and commercial co-creation that has yielded promising clinical results and improved clinical outcomes for patients with Gaucher disease. Since then, Genzyme has focused on rare diseases, developing enzyme replacement drugs for patients with LSD to improve their quality of life (Clarke et al., 2009; Muenzer et al., 2011a). Genzyme corp’s product Aldurazyme™ can significantly improve the respiratory function and joint movement of patients with MPS Ⅰ, reduce the accumulation of glycosaminoglycan, and has good safety. Naglazyme™ developed by Biomarin pharmaceutics inc can significantly improve joint movement, valvular heart disease, and scoliosis in patients (McGill et al., 2010). Therefore, the development of medicine cannot be done without the active involvement of pharmaceutical companies.
The impact factor represents the frequency with which a journal has been cited over some time and is an important measure of a journal’s academic impact (Mainwaring et al., 2020). The highest impact factor in this study was the New England Journal of Medicine, with an IF of 158.5. The second and third-ranked journals were Nature Medicine and Nature, with ifs of 82.9 and 64.8, respectively. These top journals attract a large number of high-quality papers, which in turn are published by these journals to further increase their academic impact (Callaham et al., 2002). Interestingly, Molecular Genetics and Metabolism (N = 8), IF = 3.8, one of the journals that published the most cited papers in this study, had an IF = 3.8, which suggests that even low IF journals can have highly cited papers and that we should pay attention to the quality of the papers and the value of the research itself as a real contribution to the field (Duan et al., 2022). In addition, the lower IF of journals focusing exclusively on metabolic diseases may be due to the smaller population studying these rare diseases. Thus, the lower IF does not reflect the importance of journals such as Molecular Genetics and Metabolism for metabolic diseases.
The number of citations of an article is related to multiple factors, such as IF, publication time, and accessibility of the journal (Zhu et al., 2021). Typically, the IF represents the quality and impact of a journal’s articles (Karsan et al., 2019). The most cited article in this study was published in the New England Journal of Medicine. In addition to the importance of the research results, the IF of the journal may also be the reason for its high citation. Our analysis found no significant correlation between the total number of citations and the age of articles, that is, articles published later may receive more citations, which is similar to the results of (Zhu et al., 2021). An article by Khan, SA et al. published in 2017 (Khan et al., 2017) was published in a short period but ranked third in average annual citations (N = 25). This indicates that this article has played an important guiding role in the research in this field, and it can be predicted that it will become a new article with a high impact in the future. In addition, paid journals may have fewer citations than open-access journals, because some readers are not willing to pay for access to article resources, so they choose to look for the same type of article in open-access journals instead, resulting in fewer citations.
In recent years, with the joint efforts of scholars all over the world, some promising treatments have emerged in the field of MPS.
Pabinafusp alfa (JR-141), a novel ERT drug developed in Japan, can cross the blood-brain barrier through transferrin receptor transcytoendocytosis and has shown positive results in clinical trials and been successfully approved for marketing (Giugliani et al., 2021; Okuyama et al., 2021). The study showed a significant reduction in GAG accumulation in the cerebrospinal fluid of patients with MPS II, indicating successful delivery of pabinafusp alfa with favorable clinical outcomes. This is potentially valuable for patients with MPS accompanied by CNS disease.
In vivo gene therapy is a promising option. The safety and tolerability of intracerebral administration of AAVrh.10 vectors carrying the human SGSH gene with the PGK promoter have been demonstrated in four patients with MPSIIIA (Tardieu et al., 2014). Another piece of good news is that Regenxbio announces a pivotal trial of RGX-121 for the treatment of MPS II achieves the primary endpoint, patients with reduced cerebrospinal fluid biomarkers below maximum attenuated disease levels (p = 0.00016) (Regenxbio, 2024). RGX-121 has also been previously reported to consistently reduce GAGs in CSF(Regenxbio, 2023), with some patients still benefiting for up to 3 years (Regenxbio, 2023). Ex vivo HSCGT also has great potential in the treatment of MPS disorders, has proven revolutionary in similar lysosomal disorders, and is currently in several clinical trials (Wood and Bigger, 2022).
Several immunomodulatory drugs have also been used in the treatment of MPS and are promising. In 2017, Polgreen et al. conducted a clinical study of adalimumab (a human monoclonal antibody that blocks TNF-α), which showed that adalimumab may help to reduce pain and improve physical and neurological function in patients with MPS I and II (Polgreen et al., 2017). Anakinra is a recombinant, non-glycosylated human interleukin-1 receptor antagonist, which can improve neurocognitive symptoms when used in MPS III patients (NCT 04018755). Resveratrol is a natural phenolic compound and phytoantitoxin, and Rintz et al. demonstrated that long-term continuous administration of 50 mg/kg/day of resveratrol improved neurological symptoms and reduced urinary GAG levels in a mouse model of MPS IIIB (Rintz et al., 2023). The application of these treatments is very promising in the future, and scholars can do more exploration based on the above results.
Increased knowledge of MPS’s pathophysiology and natural history and therapeutic modalities such as HSCT and ERT have improved survival and reduced morbidity. However, there are still some issues that need to be addressed, such as the safety of gene therapy, expensive treatments, and bone deformity (Donati et al., 2018). In addition to new treatments, the disease diagnosis should be moved forward. For example, newborn screening associated with MPS is increasingly being implemented. But before that, more comprehensive epidemiologic investigations of patients with MPS are needed to provide a basis for determining appropriate newborn screening methods. If managed appropriately, this should lead to earlier initiation of treatment and better outcomes. We also hope that more attention and resources will be devoted to research on MPS and other rare diseases to bring patients longer and better lives.
6 LIMITATION
This study has several limitations. First, the data in this study came from the WoS core repository, and articles from other databases, such as PubMed and Scopus were not searched, which may lead to some missing research results. Second, the citation counts in this study did not exclude self-citations, which may also lead to bias in the results, with some high-impact articles having fewer citations instead. Some articles may have been cited more often because they have been open for a more extended period, which does not represent the quality of the articles. Third, the quality of the top 100 articles was not assessed in this study, so it is possible that there are articles of varying quality, affecting the interpretation of the results. Last and most importantly, although we reviewed articles in this field, we did not include influential or highly cited papers published in the last 5 years, and new developments in this field are not reflected in our article. We will analyze the latest developments in this field in a subsequent article.
7 CONCLUSION
We conducted a bibliometric and visual analysis of the top 100 cited articles in MPS, a rich and promising area of research. This study identifies the most influential articles currently available in the field of MPS, which provides a good basis for a better understanding of the disease and informs future research directions.
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