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Background: Spinal cord injury (SCI) has devastating physical and social consequences for patients. Systemic administration of methylprednisolone (MP) at a higher dosage though can reduce neurological deficits following acute SCI. Still, this treatment regimen is controversial, owing to the apparent dose-related side effects and relatively minor improvement in neurological function. Therefore, this study aimed at the bibliometric analysis of published literature related to SCI treatment, which may lead to future research trends.

Methods: The literature published relating to SCI and using glucocorticoids for its treatment between 1982 and 2022 was collected and scanned in the Web of Science collection database using the keywords glucocorticoid, dexamethasone, MP, corticosteroids, and SCI, followed by using VOSviewer for bibliometric analysis of these articles.

Results: A total of 1,848 published articles and 7,448 authors on SCI and glucocorticoid usage were identified. The SCI total link strength accounts for 1,341, and MP for 762 has a strong link to neuroprotection and inflammation. The mean citation count for the top 20 most-cited articles was 682 (range: 358–1,828), where most of these were descriptive studies having focused on clinical features. The Journal of Neurotrauma was the highest-ranked journal with 6,010 citations. A total of 69 articles were published by Michael G Fehlings from the University of Toronto with 6,092 citations. The University of Toronto has published 90-related manuscripts with 7,632 citations. In contrast, 800 articles were published in the United States, with 39,633 citations and total link strength of 5,714. The second-ranked country was China, with 241 published articles and 3,403 citations.

Conclusions: The research published on applying MP in treating SCI has increased with time. Although the United States has made a significant global contribution to this important field of research, it requires rigorous clinical trials designed to verify the therapeutic role of MP in SCI and its appropriate dosage to find solutions for neurological recovery.
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INTRODUCTION

Spinal cord injury (SCI) can lead to sensory and motor nerve dysfunction and even autonomic loss in patients, drastically affecting the physical and social characteristics of patients with an added financial burden to health systems (1). As many as half a million people damage their spinal cord each year (2). For almost all of them, the injury will be life-changing. Acquired SCI has a variety of causes (3), such as traumatic events, inflammatory, infective, and neoplastic. The most common and severe injuries to SCI are traumatic in nature. Traumatic injuries lead to variable degrees of permanent neurological dysfunction. Because the poor prognosis of SCI is yet not addressed, the disability rate for this disease is extremely high (4).

The bibliometric analysis is a statistical method with the ability of quantitative analysis of published research papers related to a specific topic employing various mathematical models (5), enabling the analysis of thousands of published articles related to a defined research field and could help reveal top prominent publications and authors, collaborative linkages between authors and active journals (1). Furthermore, it helps access quality studies, identifies key research areas, and may help to predict future research directions (6). The Web of Science (WOS) online database is one of the most reputable citation databases, which includes almost all significant research papers and has a great influence and authority worldwide (6). In this study, WOS search results were exported to VOSviewer software for further analysis to derive research directions and priorities in selected areas (7).

To date, no bibliometric analysis of glucocorticoids usage in SCI has been reported yet. Due to the unavailability of an appropriate treatment protocol for SCI (8), the disability rate remains high (9). MP pulse therapy is a definitive treatment for SCI (10), generating diverse opinions among various authors. Hence, more knowledge could be extracted from published research (11). Our study takes the novel perspective of bibliometrics and attempts to understand the pros and cons of current treatment options and an exploration of future research directions.



METHODS

The global articles about SCI and glucocorticoids between 1982 and 2022 were searched in WOS from database inception to February 20, 2022. The search terms were presented as follows: glucocorticoid, dexamethasone, MP, corticosteroids, and SCI.

The information extracted met the preset requirements, which comprised basic information about literature such as counts of citation, title, year of publication, and journal. This information was exported into several text formats. All data were retrieved on the 20th of February 2022. The data were exported into a VOSviewer (version 1.6.18 Leiden University, Leiden, Netherlands) software for further analysis, which could generate map and cluster visualization (6, 12).



RESULTS


Bibliometric Analysis of Annual Publication Output From 1982 to 2022

About 1,848 publications about SCI and glucocorticoids were identified in the WOS database between 1982 and 2022, such as 1,477 (79.92%) original research articles, 227 (12.28%) review articles, and 144 other forms of publications, such as editorials, proceedings, etc. Among them, 1,324 (75.7%) papers were published before December 30, 2015, followed by an increasing trend of 70 published papers/year in the WOS core database, where the highest number of studies was published in 2016 (89 papers). The distribution depicting years of publication and the number of citations received are presented in Figure 1.


[image: Figure 1]
FIGURE 1. The distribution depicts years of publication, and the number of citations received.




Analysis of the Keywords and Visualization

The keywords in published papers that appeared more than five times in the WOS core database were selected for the final analysis. Among 3,087 keywords, 209 met the threshold. The most apparent keywords were SCI (total link strength of 1,341) and MP (total link strength of 762), both of which were strongly linked to neuroprotection and inflammation. For the comparison of SCI, apoptosis and trial were the additional keywords used, which had a link strength of >200 (Figure 2A). Similarly, we created a word cloud that reflected a visual representation of keywords that appeared more than ten times. Nevertheless, the analysis indicated that SCI and MP were the most frequent keywords, followed by trauma, recovery, and inflammation (Figure 2B).


[image: Figure 2]
FIGURE 2. Mapping on analysis of keywords in spinal cord injury and glucocorticoid publications. (A) Co-occurrence of keywords. (B) Word cloud. “spinal cord injury,” “MP,” “neuroprotection,” and “inflammation” occurred most commonly.




Bibliometric Analysis of Publications, Attribution, and Citations From 1982 to 2022

The top 20 most cited articles in terms of SCI and glucocorticoid are presented in Table 1. Most were clinical trial studies and reviews. Concurrently, the rest was experimental research articles that mainly focused on neuroprotection, inflammation, and animal model studies. The mean citation count for the top 20 most-cited articles was 682 (range: 358–1828). All papers were published between 1990 and 2017, and the most journals were the Journal of Neuroscience, with four papers.


Table 1. Top 20 articles on Spinal cord injury (SCI) and glucocorticoid in Web of Science from 1982 to 2022.
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A total of 638 journals have published papers about SCI and glucocorticoids, among which 36 published more than five relevant articles. A total of 434 relevant articles were published in the top ten active journals, accounting for 68.03% of publications in the WOS core database. The Journal of Neurotrauma was the highest-ranking journal in terms of the number of articles published, with a current impact factor (IF) of 5.269 and 102 relevant articles published from 1982 to 2022, followed by Spine with 75 publications and an IF of 3.468. The most-cited journal was the Journal of Neurotrauma which received 6,010 citations, followed by Experimental Neurology with 4,527 citations and an IF of 5.33 (Figure 3).


[image: Figure 3]
FIGURE 3. (A) Histogram of the top ten most-cited journals in the field of spinal cord injury and glucocorticoids, with journals of neurotrauma, spine, and spinal cord in the top three. (B) Top ten most published journals, with Journal of Neurotrauma having far more articles than any other nine journals, reaching 6,010.


Based on the number of publications, the top ten countries, organizations, and authors in SCI and glucocorticoids are listed in Table 2. The results indicated that 90 articles were published by the University of Toronto and cited 7,632 times, a top-ranked-cited organization. Among 90 articles, 69 were written by Michael G Fehlings and cited 6,092 times. The 65 articles were published by the University of California with 5,287 citations. The production of different countries is represented in Figure 4 according to their distribution on the world map, with different colors used to represent the order of magnitude of output. Furthermore, 800 papers were published in the United States with total citations of 39,633 and a total link strength of 5,714, which conferred the US the top rank, followed by China with 241 published papers and 3,403 citations (Figure 5).


Table 2. The top ten countries, organizations, and authors of spinal cord injury and glucocorticoid publications.
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FIGURE 4. The distribution of the top productive world countries on papers. The top 5 productive countries were USA, China, Turkey, Canada, and Japan.
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FIGURE 5. Bibliometric analysis of citations. (A) Mapping on cited authors shows that Michael G Fehlings of the University of Toronto is the most cited author. (B) Among cited institutions, the University of Toronto in the blue cluster is the most cited organization. (C) Mapping on cited countries, the USA is the most cited country in the field.


Burst detection analysis results of organizations are indicated in Figure 6, showing that Zhejiang University China has made more contributions and achievements in SCI and glucocorticoids research in recent years, followed by Shanghai Jiao Tong University, China.
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FIGURE 6. Burst detection analysis of organizations.


As indicated in Figure 7A, four themes of SCI and glucocorticoid studies were observed. The blue cluster involved SCI diagnosis and clinical features. The red cluster involved animal models and key molecular regulatory mechanisms. The yellow cluster involved recovery of nerve function and stem cell transplant and the green cluster involved clinical effects and complications of high-dose MP application. Concurrently, Figure 7B demonstrates the network map of trend topics according to the keywords used from 1982 to 2022, where purple to yellow indicators show publications. The highly cited literature belonged to the pre-2015 era, with research mainly focused on the molecular mechanisms of neurological recovery and the study of neural stem cells.


[image: Figure 7]
FIGURE 7. (A) Distribution of the themes. The yellow cluster represents studies of recovery of nerve function. The blue cluster indicates diagnosis and clinical features. The red cluster involves molecular regulatory mechanisms. (B) Average year map of keywords used from 1982 to 2022.


According to the clinical research topic of the green cluster shown in Figure 7, we used the Cochrane Handbook and Newcastle–Ottawa Scale method to screen relevant clinical research literature, included all eligible randomized, controlled trials (RCTs), and controlled observational studies that compared MPS against placebo or no treatment in adult patients with acute SCI (11, 32). As shown in Table 3, according to the results of clinical use of methylprednisolone in SCI patients, it can be seen that there are different prognosis conclusions, and the time span is from year 1990 to 2019. There were 17 of these eligible clinical studies, eight in the United States and four in Japan. There are 3 studies, including the NASCIS II study that suggests that MP can improve neurological function in SCI patients, two of which are RCT studies. However, 11 studies, including 1 RCT, concluded that it did not improve neurological function. The studies that concluded that the use of high-dose MP resulted in increased complications in SCI patients accounted for 53.3% (8/15) of all studies, including two RCTs. Among these studies, the H-index of The New England Journal of Medicine published by Bracken et al. (10) was significantly higher than that of other journals, and the H-index of journals published by other institutes was almost at the same level.


Table 3. Literature comparison methylprednisolone applied to clinical outcomes of patients with SCI.
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DISCUSSION

Spinal cord injury remains a thorny public health problem globally. Various academic institutions join hands to find an appropriate treatment protocol for SCI. The medical journals with high impact, namely the New England Journal of Medicine and JAMA, have already reported the therapeutic effect of MP in SCI treatment in the early 80s. This study analyzed 1,848 publications about SCI and glucocorticoids indexed in WOS core database. The published literature included three aspects: clinical characteristics, animal experimentation, and molecular mechanisms. The most frequent keyword “spinal cord injury” is strongly linked to neuroprotection and inflammation.

Bibliometric analysis of publications, attribution, and citations gives us a holistic view of the development of the field. The Journal of Neurotrauma had published more than 102 relevant articles, far more than the 75 articles in the second place in Spine journal. Experimental Neurology had the highest average number of citations per article at 150. Six of the top ten impact institutions are located in the USA, with 800 publications in the field, more than the other nine countries combined. The United States has a high H-index of 106, indicating that it is the leader in this field. China has the second-highest number of publications, with 241, but it lags in citations and H-index. Canada's 166, and Canada's H-index of 57, is a close second to that of the USA. Although the USA has contributed to this important field, the most-cited article came from the University of Toronto, Canada. In terms of several publications, citations, and H-index, the top three authors were Fehlings, Michael G, Bracken, MB, and Young, W; all of them were from Canadian and US university institutions. This laid the foundation for the protocol for using MP, which also led to a rapid rise in SCI articles related to MP from 1990 onward, reaching 70 articles per year. In recent years, Zhejiang University and Shanghai Jiao Tong University in China have been outstanding research contributors in this field. Since 2011, Zhejiang University has published 14 articles with an average citation frequency of 12.29 and an H-index of 8. Its publications focused on animal experiments on different drugs for SCI and the application of materials science in SCI; Shanghai Jiao Tong University published 12 articles with an average citation frequency of 20.67 and an H-index of 7. Its publications include stem cell transplantation, molecular mechanisms of SCI, the application of materials science in SCI, and clinical studies on SCI. Other leading Chinese institutions in this field include Sun Yat-sen University and Nanjing University, but it can be found that Chinese institutions have a late start in this field and their academic results remain far from those of the USA and Canada.

The protocol for the clinical application of MP stems from the completion of three large randomized clinical trials, the National Acute Spinal Cord Injury Study (NASCIS). The second of these NASCIS studies had the greatest impact on using MP in clinical practice (10, 15, 48), which were the most highly cited papers in SCI treatment utilizing MP. This result led to the widespread use of MP 24-h treatment protocol (30 mg/kg bolus injection followed by a 5.4 mg/kg/h infusion over 23 h) for SCI patients who arrived at the hospital within 8 h of injury (10, 24). The NASCIS III study from 16 acute spinal cord injury centers in North America in 1997 even suggested that using MP was initiated in a 3–8 h time frame after SCI injury and that MP treatment group had better neurological recovery performance with continued use for 48 h (15).

However, using high-dose MP through intravenous administration in acute SCI has become controversial due to the risk of potential side effects and small positive effect sizes. It was thus reasonable to speculate that most side effects of high-dose MP therapy are tightly linked to the high systemic dosage of MP, which resulted in further health complications especially greater risks of gastrointestinal tract bleeding (49), aseptic necrosis of femoral head (50), and destruction of neurons and glia (51). Increasingly, voices have begun to question the reliability of the results of the second NASCIS survey study, with animal models and in vitro neuronal research indicating that high MP doses do not significantly promote neuronal cell proliferation (52) and could not result in significant improvements in neurological recovery in SCI model animals (53).

The efficacy of the NASCIS-II regimen was also questioned by the results of several clinical studies, including RCT conducted by T Matsumoto, which concluded that elderly patients with cervical spinal cord injury were more likely to experience pulmonary side effects after high-dose MPSS treatment (44), in addition to RCT conducted by V Pointillart, which did not observe any particular signs of neurological improvement with MP (45). Many retrospective studies have concluded that using MP significantly increases associated complications and does not improve exercise scores in SCI patients (32, 33, 35–37, 39–43). However, the authors of this manuscript found that most of these questionable studies were retrospective studies with relatively weak-quality evidence which were assessed using the Newcastle–Ottawa Scale, and small sample sizes and that confounding factors regarding age, severity of SCI, timely and comprehensive assessment of motor and sensory recovery, and timing of surgical interventions that may affect the neurological prognosis of SCI patients could not be controlled. Furthermore, most studies did not specify care details to prevent complications. All factors that were not mentioned in most retrospective studies and could not be controlled for confounding included the use or non-use of neurotrophic drugs and their duration, strict adherence to NASCIS-II protocol, using urinary catheterization, ventilators, proton pump inhibitors, and whether the patient underwent regular rehabilitation exercises during the recovery phase. The small size of each study, combined with the presence of more confounding factors, may also be a cause of biased information and inconsistent conclusions. These clinical studies had been conducted in various parts of the world, such as North America, Asia and Europe, and it is possible that ethnic differences may affect the results to some extent. Interestingly, the authors of this paper also checked for conflicts of interest in these clinical studies and found that the methylprednisolone used in a study was provided by the Upjohn Corporation (10). In a separate study, Pharmacia and Upjohn Inc funded additional tests and monitored data quality at participating centers (15).

Despite this, there was a change in the views of frontline surgeons on the need for high-dose use of MP therapy when treating SCIs (54, 55). By balancing the available perspectives and evidence, the 2013 AANS/CNS SCI guidelines discourage MP use in SCI and downgrade it from a Class I evidence level to Class III (56). However, in the absence of new robust evidence in this field, Michael G Fehlings published AOSpine guidelines in the Global Spine Journal in 2017, which still recommends offering patients a 24-h infusion of MP as a treatment option within 8 h of acute SCI (57). The 2019 guidelines from China on spinal cord injury suggest that high-dose MP therapy is no longer routinely used for acute SCI, but remains an optional treatment in some cases (58). However, French recommendations for the management of patients with spinal cord injury are that steroids are not recommended for early use to improve neurological prognosis (59). As a result, spinal or neurosurgical surgeons worldwide continue to find it tricky to use MP in SCI patients. Moreover, most developing countries often feel helpless in responding to the 8-h MP treatment protocol proposed by the US Acute Spinal Cord Injury Center. Due to the relative paucity of medical resources and the inadequacy of the medical system, developing countries are not as responsive to acute patients as developed countries, and most SCI patients often arrive at the hospital more than 8 h later. The choice of their medication regimen is also another major challenge.

Therefore, further prospective randomized cohort studies are required to confirm and update the current conclusions regarding the weak quality of the currently questioned studies to increase the sample size and better control for potential confounding factors such as age, the severity of injury, and duration of intervention.



CONCLUSIONS

With an ever-increasing number of publications about using MP in SCI, it is important to assess the quality of such many research papers and gain valuable information. Although scientific and medical research plays a vital role in understanding SCIs, this study demonstrated the need for a more rigorous prospective clinical trial design to validate the role of MP in SCI and explore more rational use protocols.
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