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Background: Neuropathic pain research has grown impressively in the past two decades, as evidenced by improvements in research quality and increments in the number of research papers. In views of this situation, the use of quantitative measurements to analyze and characterize existing research has become imperative. The aim of this research is to identify and analyze the 100 most-cited papers in neuropathic pain research.

Methods: Neuropathic pain-related articles published between 2000 and 2020 were screened from Web of Science (WOS) by using the following subject terms: TI = (Neuralgia$ OR Neurodynia$ OR “Neuropathic pain” OR sciatica OR “Nerve pain$”). The publications were ranked in a descending order on the basis of citation counts, and the top 100 most-cited neuropathic pain papers were determined. Subsequently, we conducted a bibliometric study to determine the authors, journals, countries, and institutions that contributed the most to the top 100 neuropathic pain lists; describe the keywords and hotspots of the top 100 most-cited papers; and explore the factors associated with successful citations.

Results: The top 100 most-cited papers were published from 2000 to 2017, and 2003 had the largest number of published papers (n = 16). The mean number of citations per paper was 480.72, with a range of 262–1,569. Forty-four kinds of journals contributed to the top 100 most-cited papers, which were predominantly published in “Pain” (n = 23). The USA was determined to be the leader of neuropathic pain research in terms of quality and quantity.

Conclusion: This study provides a comprehensive list of the most influential papers on neuropathic pain and demonstrates the important advances in this field to help understand academic concerns and the directions of technological innovations in neuropathic pain worldwide.
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INTRODUCTION

With the increase in neuropathic pain prevalence in the past years, neuropathic pain-related research has become a serious concern. Neuropathic pain, which is described as “pain caused by a lesion or disease of the somatosensory system (1),” is a major public health problem and has become a global burden (2, 3). Neuropathic pain can be caused by any nerve injury, with common etiologies such as diabetic polyneuropathy (4), trigeminal neuralgia (5), and sciatic nerve injury (6). Neuropathic pain can severely damage patients' quality of life, reduce work productivity, and cause disability in severe cases because it is usually related to other issues, such as dysfunction, anxiety, depression, and insomnia. Epidemiological studies have suggested that the prevalence of neuropathic pain could be between 6.9 and 10% (7, 8). The incidence of neuropathic pain exceeds 60% in patients with severe clinical neuropathy, and the cost increases annually. Moreover, the intensity and duration of neuropathic pain are higher than those of chronic pain without neuropathic characteristics (3, 9, 10). These findings indicate that the incidence of neuropathic pain is far from being low, and neuropathic pain is worth investigating. However, thus far, only a few studies have revealed the exact mechanism and treatment methods despite the increase in research on neuropathic pain (11).

Over the past 20 years, many experts and researchers have struggled to provide new insights into neuropathic pain, and numerous related study results have been published in various journals in the form of articles to clarify the underlying mechanisms and risk factors and explore the therapeutic targets of neuropathic pain (12–14). With the rapid accumulation of scientific literature on neuropathic pain, the most frequently cited papers are particularly important because high citations indicate high influence or visibility in the research community.

Bibliometrics is a research analysis based on the number and patterns of citations (15). Citation analysis in bibliometrics uses citation data, such as citation counts in a paper, to quantify the importance of a study. This approach can be utilized to explore various factors, including assessing the influence of publication (e.g., specific scientific community) or collections of research findings (e.g., all articles in a specific journal or study topic) (16). Several pain-related areas, such as headache (17), orofacial pain (18), and pediatric pain (19), have been measured and ranked in terms of research results in this manner, whether at the institution, country, or international level. Several recent publications have focused on bibliometric features of neuropathic pain research. For example, Yumeng Chen performed a bibliometric analysis of exercise and neuropathic pain research over a short period (2005–2019) (20), Jishi Ye mapped the publication trend of neuropathic pain in the world and China from 1998 to 2017 (21).

Through a literature search, we found that many papers on neuropathic pain have high citations (citation times > 200), but no analysis of the most influential works in the field of neuropathic pain has been conducted yet. Thus, we performed a bibliometric study to analyze the 100 most-cited papers in this field from 2000 to 2020 on the basis of the Web of Science (Thomson Reuters, USA, 2008) and determined the factors related to their successful citations. This task could be beneficial to the paper publication of investigators and design of future research. We look forward to identifying the most promising research directions for neuropathic pain.



METHODS

Ethical approval from an institutional review board was not required because our study was a bibliometric analysis that did not involve human subjects.


Search Strategy

Neuropathic pain-related articles published between 2000 and 2020 were screened from the Science Citation Index–Expanded (SCI-Expanded) of Web of Science (WOS), which allows access to over 9,381 peer-reviewed journals that have been published in 178 scientific disciplines since 1945. All data were acquired on January 1, 2021, to avoid changes in the online activity of papers, and 9,561 results were produced. In the Science Citation Index–Expanded of WOS, the search terms were created in reference to several academic articles and MESH terms from PubMed, as follows: TI = (Neuralgia$ OR Neurodynia$ OR “Neuropathic pain” OR sciatica OR “Nerve pain$”) AND Language = English, with the period of 2000 to 2020.



Inclusion Criteria

The publications were ranked in a descending order on the basis of citation counts and reviewed to determine the top 100 most-cited neuropathic pain papers. Papers with fewer than 200 citation times were excluded to reduce the number of papers that require follow-up screening. Figure 1 shows the selection process.


[image: Figure 1]
FIGURE 1. Data extraction process.


In terms of literature type, only articles and reviews were included; proceedings papers, conference abstracts, conference presentations, and book chapters were excluded. Two independent investigators reviewed the titles and abstracts and deleted studies that are not related to neuropathic pain. A total of 166 articles remained after reviewing the titles and abstracts. The 100 most-cited papers were then exported to Microsoft Excel 2016 to create tables and figures.



Data Selection

Data selection and extraction were performed by two well-trained independent researchers (Huanyu Xiong and XueQiang Wang), and XueQiang Wang was consulted to deal with discrepancies. Related data, including publication date, citation counts, citation per year (total citations/the number of years since publication), author, journal of publication, country of origin (based on the correspondent author's address), institution, document type, research field, and keywords, were extracted from the top-cited papers and used to assess publication quality. In the search results from WOS, we screened several collections, such as journal, date, and study field. Then, we created citation reports and obtained data. The journal impact factor 2020 (IF 2020) and 5-year IF were from JCR 2020. A limitation of this study is that recent papers with high citation potential may not have been included because of the limited timespan since publication. To correct this limitation, we ran the same search within a short period (2018–2020) to select the top 10 most-cited papers.



Statistical Methods

Statistical analyses were performed on the retrieved data by using SPSS Statistics 25.0 software. Statistical significance was set at P < 0.05. Descriptive statistics were quantified as the average or counts (percentages) of parameters. The Shapiro–Wilk test was applied to examine the normal distribution of individual variables. Data with a normal distribution were expressed as the mean ± standard deviation. A comparison of means was performed using the Mann–Whitney test was applied when necessary. The Pearson product moment correlation coefficient was employed to test the correlations between IF (2020) and paper counts, IF (2020) and citation counts, as well as correlations between annual citations and total citations. One-way analysis of variance (ANOVA) was performed to test qualitative indicators, including the distribution difference in paper count among country, type of document and open access before and after 2008. CiteSpace V was utilized to analyze and generate a network map of keyword co-occurrence (22).




RESULTS


Distribution of Citations

We retrieved the 100 most frequently cited papers on neuropathic pain (Table 1), which received a total of 48,072 citations (WOS). The median value of the citations was 368 with a range of 262–1,569. For annual citations, the median value was 25.47 with a range of 13.6–206.67. Nine papers were cited more than 1,000 times, and 21 were cited more than 500 times. The article entitled “Neuropathic pain–Redefinition and grading system for clinical and research purposes” from Treede, R.D., was the most-cited publication (n = 1,569) (23). Since the article's publication in 2008, the number of citations has been increasing yearly, reaching 120.69 per year. The papers with high annual citations had high total citations, and the correlation between these results was significantly strong (r = 0.795, P = 0.000).


Table 1. The 100 most-cited papers in Neuropathic pain field.
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Year of Publication

The top 100 most-cited papers were published from 2000 (24) to 2017(13). The majority of papers were presented in the 2000s (93%), but only 7% were published in the 2010s. The mean number of citations per paper was 480.72 overall (139.74 in the 2000s and 350.47 in the 2010s).

The largest number of papers published in a single year was 16, and this occurred in 2003. 2005 with 14 papers was the second peak. During this period, except for years 2011, 2012, and 2014, the number of articles was generally higher than the number of reviews (Figure 2). Among the top-cited papers, “Spared nerve injury: an animal model of persistent peripheral neuropathic pain” published in 2000 was the earliest cited paper (citations in 2020 = 99) (24). We executed a two-time point analysis to compare the papers before and after 2008 (Table 2). Publications before 2008 were ~4 times that of publications after 2008. However, the total number of citations per paper before 2008 was lower than that after 2008, and the citation difference between the two periods was obvious. Among the top 100 papers related to neuropathic pain, 34% had open access and 14% were highly cited. Notably, all highly cited papers were published after 2008.


[image: Figure 2]
FIGURE 2. Number of publications among different types of articles according to publication year.



Table 2. Two-time point analyses comparing journals' top-cited articles before and after 2008.
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Distribution of Countries and Institutions

The 100 top-cited papers were from 17 countries; the USA and Canada were the most productive in this regard. Nearly half of the papers published (n = 42) were from the USA, and around one-tenth (n = 11) was from Canada. England with 9 papers ranked third, followed by Germany, France, and Denmark that contributed six papers each to the list (Figure 3). The distribution is demonstrated on a world map (Figure 4). The map shows that a vast majority of publication outputs were from North America and Western Europe. None of the publications included were published in South America.


[image: Figure 3]
FIGURE 3. Countries of region of the top 100 most-cited papers.



[image: Figure 4]
FIGURE 4. The heat map showing the distribution of the top 100 most-cited papers in world.


A total of 259 institutions published at least one top-cited paper, with 139 (53.7%) institutions publishing only one. A small number of institutions accounted for a high proportion of the highest cited papers, similar to the previous findings of lncRNAs studies (25). Figure 5 shows that the top 10 institutions collectively published at least seven papers. Aarhus University Hospital from Denmark topped the list with 14 papers; its output was smaller than that of the US but surpassed that of Canada and England. Aarhus University Hospital was followed by Harvard University from the USA (n = 11) and University Klinikum Schleswig Holstein from Germany (n = 9).


[image: Figure 5]
FIGURE 5. Institutions with at least seven papers in the top 100 most-cited papers.




Distribution of Journals

Forty-four kinds of journals contributed to the 100 top-cited papers, which were predominantly published in Pain (n = 23), followed by the Journal of Neuroscience (n = 8), Neurology (n = 7), and European Journal of Neurology (n = 6). With regard to the average citation number per paper, the Journal of Lancet Neurology ranked first with a mean of 993.0 citations per paper, followed by Nature with a mean of 941.5. All journals containing more than two publications are summarized in Table 3. The IF for journals in the top 100 most-cited papers ranged from 3.037 to 91.245 (Figure 6). The IF of 44 journals participating in the publication of the top 100 most-cited papers ranged from 3.037 to 91.245, in which 71 journals had IF between 3 and 10, 16 journals had IF between 10 and 30, and 13 journals had IF above 30 (indicating a relatively wide reader base). In the top 100 list, paper counts (r = 0.272, P = 0.009) and citation (r = 0.129, P = 0.034) counts were significantly related to IF.


Table 3. Journals contributed ≥2 papers in the top 100 most cited list.
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FIGURE 6. The number of articles corresponding to different impact factors in the top 100 most-cited papers.




Distribution of Authors

Table 4 illustrates the most productive writers (those who authored at least seven papers) and their basic research institutions. In total, 582 authors contributed to these works. The largest contributor was Jensen T.S., who published the largest number of publications (n = 15); the total number of citations for his papers was 9,793. Baron R. with 14 papers was the next largest contributor. Attal N. and Cruccu G. were tied at the third place with 10 papers each. Cruccu G. from Sapienza University Rome, Dworkin R. H. from University of Rochester, and Finnerup N. B. from Aarhus University were the first author of the four papers in our list.


Table 4. Authors with at least seven papers in the top 100 most-cited list.
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Distribution of Study Fields

In Supplementary Table 1, the top 100 papers in neuropathic pain are classified into different study fields on the basis of WOS categories. The leading WOS category was “Neurosciences” (n = 50), and 46 papers were categorized under “Clinical Neurology.” Many studies were also conducted in other fields, such as “Anesthesiology,” (n = 28) “Medicine General,” (n = 12), and “Multidisciplinary (n = 8).”



Co-occurrence of Keywords

CiteSpace V was used to extract the keywords of the top 100 papers on neuropathic pain. A network analysis of the author's keywords or subject words was carried out during the publication time of the article, namely, 2000–2017 (Supplementary Figure 1). The results showed that “allodynia,” (n = 0.32) “double blind,” (n = 0.3) “amitriptyline,” (n = 0.24) “management,” (n = 0.19), and “mechanism” (n = 0.17) had a high degree of centrality during this period. Supplementary Table 2 shows that “neuropathic pain,” (n = 30) “double blind,” (n = 22), and “post-herpetic neuralgia” (n = 22) were the most frequently used keywords.



Type of Document

In terms of document type, the original articles comprised 69% of the most-cited papers, and the remaining 31% were reviews. Total citations (P = 0.011), annual citations (P = 0.013), and citation 2020 (P = 0.001) significantly differed among the different document types.




DISCUSSION

We performed a bibliometric study of the top 100 most-cited papers on neuropathic pain worldwide over the last 20 years to help understand academic concerns and the directions of technological innovations in neuropathic pain worldwide. Here, we summarized several characteristics of these papers to understand the history and professional prospects comprehensively.


Characteristics of the Top 100 Papers
 
Citation Analysis

Many reports on similar citation analysis of other professions and diseases are available. The citation counts for the top 100 most-cited articles on dry eye varied from 96 to 610 times; those on lncRNAs varied from 249 to 2,828 times; and those on back pain varied from 249 to 1,638 times (25–27). Compared with previous citation analyses, the number of citations in this study ranged close to that of the 100 most-cited papers on back pain, which partly reflects the importance and academic attention of neuropathic pain research (26).

How to evaluate a good paper apart from adopting the immeasurable peer review is debatable, but a relatively reasonable index is the number of citations, which varies in different sub-disciplines and depends on the scale of the scientific community (28). In general, an article with 100 or more citations is considered a “classic” based on the research field and may even be a seminal paper (29); thus, new researchers in a special field could read them before conducting further research (30). In the current research, all top 100 papers can be regarded as “classic” papers based on their citation counts, and the citation frequency of the papers is between 262 and 1,569, which is significantly higher than that of other pain symptoms, such as postoperative pain (31) and pediatric pain (19). The findings suggest that neuropathic pain research is a major focus in medicine and health.

The paper that ranked first, which was based on a “redefinition and grading system for clinical and research purposes for neuropathic pain,” had a maximum of 1,569 citations; it was published in Neurology in 2008 and written by Treede et al. (23). To prevent bias due to long-term citations of early papers, we calculated annual citations to assess the relative influence of a publication. Publications with many total citations but few annual citations have vital historical importance in a given period. By contrast, publications with many total and annual citations may be relevant to current research and should be regarded as milestones in true neuropathic pain research. In addition to original articles [e.g., a vaccine to prevent herpes zoster and postherpetic neuralgia in older adults (32)], the top 100 most-cited articles on neuropathic pain includes some consensus and position papers [e.g., neuropathic pain: redefinition and a grading system for clinical and research purposes (23)], guidelines [e.g., EFNS guidelines on the pharmacological treatment of neuropathic pain: 2010 revision (33)], and systematic reviews [e.g., pharmacotherapy for neuropathic pain in adults: a systematic review and meta-analysis (34)]. In general, however, consensus and position papers, guidelines and systematic reviews all receive more citations than original articles, which is a bias that must be taken into account when conducting citation analysis.

The papers published in the last 3 years did not accumulate enough citations to be included in the top 100 list. Hence, we tabulated the top 10 most-cited papers from 2018 to 2020 to show the “rising stars” in the neuropathic pain field (Table 5). We found that the average citations in 2020 for these newly published papers were much higher than those for the most-cited papers published in 2000–2008, indicating the improvement in the quality of research in recent years and the potential academic importance in the future.


Table 5. The top 10 most-cited papers on neuropathic pain from 2018 to 2020.
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Year of Publication

In a chronological order, we noticed that although our search spanned the period 2000–2020, the top 100 papers obtained were actually published between 2000 and 2017, and 60% of the papers were published in 2003–2007. Previous analyses have shown that 2003 was the most published year in two decades. Exactly 2,482 papers on neuropathic pain were published from 2018 to 2020, but they were not cited enough to be included in the list of top 100 papers.

Publication date has a significant effect on citation numbers. However, predicting the real influence of a study 20 years after its publication is almost impossible (29, 35, 36). The longer the time that has elapsed after publication, the greater the chance of being quoted is regardless of the impact. This trend has been observed in almost all majors. Our results showed the same trend because 80% of the top 100 papers were published before 2008.

One of the most striking features of this research is the two-time point analysis of papers from before and after 2008. The two-time point analysis showed that the number of papers published after 2008 was much smaller than that before 2008, but the number of citations per paper was larger than that before 2008. This result might be due to the fact that post-2008 papers have improved their quality and relevance to clinical practice and research and have achieved academic importance in the neuropathic pain field. Another possible reason is that the number of articles associated with neuropathic pain has increased in recent years, thereby providing increased citation opportunities. It is worth noting that not only articles related to pain, but also global scientific output have shown explosive growth. The latest study was published in 2017, with 387 citations at present (13); it is followed by an article from 2016, which now has 489 citations (37). This phenomenon could mean that the study of neuropathic pain has been further extended and has deepened in recent years.

In this study, a paper's total citation rate was unrelated to the paper's publication date (r = 0.118, p = 0.242). However, the papers' current citation rate (as measured by citations in 2020) suggested that papers published after 2008 were likely to be cited in recent years. Such a correlation was statistically significant in this study (r = 0.533, p < 0.015).



Distribution of Countries and Institutions

The geographical distribution of the papers was also demonstrated. Consistent with the findings of several other works, the most top-cited neuropathic pain research was from countries and institutions in two major areas: North America and Western Europe.

The USA, Canada, and England were the three largest contributors (62% of all publications) to the top 100 list.

Aarhus University Hospital and Harvard University were the two largest contributors (25% of all publications) to the top 100 list. The USA with the most publications and citations ranked first in almost every category and was arguably the leader of neuropathic pain research in terms of quality and quantity. This phenomenon is due to the following reasons:

(1) Countries with high gross domestic product (GDP), such as the US, Canada, and Denmark, invest heavily in medical research; a previous study has proven that a country's per capita GDP is weakly correlated with its study results (38).

(2) There's no doubt that native English speakers get more quotes. For example, American authors are more likely to cite local papers than foreign ones, and their papers are more likely to be published in American journals than foreign ones (16, 39).

(3) Mainstream countries dominate publications, and this model has appeared in many medical-related topics, such as lncRNAs (25), human papillomavirus (40), epigenetics (41), and Parkinson's disease (42), thus reflecting the great influence of the USA in the field of medicine.

(4) It's worth noting that the citation rate of white and male articles is much higher than that of non-white and female articles (43).

Conversely, we found several papers from Japan and China in Asia, Egypt in Africa, and Australia in Oceania suggesting that neuropathic pain is universal on a global scale. This result again demonstrates that this disease has a research value. Furthermore, this result means that the achievements from these countries and institutions are publicly shared so that numerous people can benefit from them.



Distribution of Journals

We noticed that two journals exhibited strong professional attributes and contributed almost a third to the 100 most cited papers. These journals were Pain (n = 23) with 13,512 citations in 2020 and whose current IF is 6.961 and the Journal of Neuroscience (n = 8) with 3,070 citations in 2020 and whose IF in 2020 was 6.167. In addition to specific journals in this field, several general medical journals, such as The New England Journal of Medicine (IF2020 = 91.245) and Nature Medicine (IF2020 = 53.44), also played an important role in this analysis.

The IFs of 44 journals that participated in the publication of the 100 most frequently cited papers were all >3.0, indicating the dynamism and importance of neuropathic pain research. Ten papers were published in six famous journals with high IF, namely, New England Journal of Medicine, The Lancet, Journal of the American Medical Association, Nature, Science, and Nature Reviews Disease Primers, which are leading journals in science and medicine used to spread cutting-edge research.

The IF value of a journal can be a valid citation predictor. This research supports the theory that the number of papers and citations is positively correlated with journal IF. Moreover, nearly all of the most-cited neuropathic pain papers were published in journals from the USA and England. Given that these famous journals have high rankings and wide influence to attract readers and citations, most authors of high-quality work may prefer their papers to be published in these journals, which in turn maintains the high IF of the journals (44, 45).



Distribution of Authors

Several authors were connected to the top-cited publications, and most of them contributed as both the corresponding author and first author. In general, the authors who contributed the most were Jensen T. S. (n = 15), Baron R. (n = 14), Attal N. (n = 10), and Cruccu G. (n = 10). This study found that three authors (Cruccu G., Dworkin R. H., and Finnerup N. B.) published 12 papers as first authors, and their papers have been cited 7,517 times in total. This finding highlights how a relatively small number of authors can make substantial contributions to the impact of a journal or research field (46). The three key authors contributed 12% to the first 100 papers, and they accounted for nearly 16% of the citations.

For example, Cruccu G. contributed four studies published in 2007–2010 and was one of the best performing authors. These studies mainly proposed EFNS guidelines on neuropathic pain evaluation and compared the use of different screening tools to classify neuropathic pain (47, 48). Diagnostic testing methods are often described within the framework of neuropathic pain papers and are thus frequently cited. Our analysis revealed that Treede's article entitled “Neuropathic pain–Redefinition and grading system for clinical and research purposes” was the most cited paper (n = 1,569) (23). The study provided a precise definition of neuropathic pain (i.e., a direct result of an injury or disease that affects the somatosensory system). A comprehensive neuropathic pain classification system was also proposed for clinical and study goals.

All of these authors must be recognized as important contributors to the neuropathic pain field. However, compared with the top articles in other popular fields, such as cancer, Parkinson's disease, and orthopedics, a gap still exists. Therefore, authors should strive to carry out high-quality research while attempting to increase the quantity of their works.



Study Hotpots

Among the 100 most frequently cited papers, more than half were linked with neuroscience research directions, including neuroscience (n = 50), clinical neurology (n = 46), and anesthesiology (n = 28). The diagnosis and treatment of neuropathic pain have developed rapidly in the last few decades. Neuropathic pain research is distributed worldwide in neuroscience in the life sciences and neurology in clinical medicine due to the neural basis of the neuropathic pain mechanism. In our study, the topic with the highest frequency of occurrence was the pathology, pathogenesis, and drug therapy of neuropathic pain (n = 71), reflecting the high study interest in this subject in the twenty-first century. Most of these papers involved drug therapy (34, 49) (n = 25), followed by post-herpetic neuralgia (32, 50) (n = 6) and trigeminal neuralgia (51) (n = 4). On the basis of these studies and their results, neuropathic pain has been classified accurately, and several key mechanisms, including abnormal discharging of nociceptive nerves, peripheral, and central sensitization, and impaired inhibitory modulation, have been established (21). The proportion of studies involving “quality of life and/or patient-reported results” (n = 3) was extremely low (52). Nevertheless, with the recent extensive attention paid to these topics in medical and neuroscience literature, publications might fall into these categories in future versions of this analysis.

The citations of a paper often follow a time process. The longevity of papers shows the impact of papers on scientific research. In the last year (2020), 17% of the top-cited papers were cited fewer than 10 times, which might indicate that the content of these papers is no longer the current study hotpots.




Distribution of Keywords

Keywords with citation bursts can reflect the development of a knowledge field. Our keyword centrality analysis showed that allodynia (n = 0.32), double blind (n = 0.3), amitriptyline (n = 0.24), management (n = 0.19), and mechanism (n = 0.17) had high centrality in the past 20 years, indicating that these research directions are essential, which is consistent with the research results on keywords. It is also consistent with the emphasis placed on diagnosis in the 1990s. Several differences were observed between the 2010s and the 2000s. In the 2010s, the keywords that appeared frequently were quality of life, pharmacological treatment, concentration capsaicin patch, and other related words. This observation suggests that researchers have begun to expand their research to several treatments and pay increasing attention to prognostic assessments, new treatment techniques, quality of life, and other aspects of neuropathic pain therapy. Gradually, neuropathic pain research has begun to blossom. These results also indicate that neuropathic pain is still a disease that needs to be solved urgently, and the deficiencies and innovations in this field, such as new drug therapies, pathological mechanisms, and strengthened pain management, must be explored to improve the quality of life.



Citation Bias

The citation counts that a publication receives can be a useful indicator of a paper's overall impact on the scientific field. However, the “highest citation” efforts, such as the current research, do not fully reflect the impact of a publication (46). Furthermore, citation analyses could be influenced by many factors, such as date of publication, research topic, and document type. Thus, incorrect, inaccurate, or exaggerated citation counts may be identified in citation analyses.

First, most journals do not have open access and instead adopt a pay-per-view scheme. Thus, not everyone can access them successfully. Second, past studies have shown that a paper is likely to be forgotten as time passes. Moreover, over time, even “citation classics” are cited less frequently than before because their content is incorporated into general medical and neuroscience knowledge; this phenomenon is known as “obliteration by incorporation” (53). Therefore, the ranking of the most-cited papers fluctuates over time. Third, the recent popularity of open-access journals has changed the impact of time or paper longevity on citations.

According to reports, open-access articles usually have numerous citations (54). Specifically, in this study, top-cited papers published after 2008 received three times as many citations per article in 2020 as papers published before 2008, even though their life spans were much shorter.

The fourth limitation is that the basis for selecting papers may vary; different selection criteria may result in a different list. When the number of citations is used as a measure to quantify a paper's influence in bibliometrics, the most-cited paper is usually considered a “citation classic” (39).

Lastly, although the authors, journals, and countries listed in the different tables published the most-cited papers, their contributions and the mechanisms that produce the most-cited papers vary widely.

In future evaluation studies, a multi-indicator cluster survey can be used in conjunction with other indicators to effectively describe the role and contribution of individuals or organizations in cooperation.



Strengths and Limitations

One of the advantages of this study is that it fully considered the inherent time deviation of bibliometrics. We performed a two-time analysis before and after 2008 and summed up the 10 most-cited publications from 2018 to 2020. This sub-analysis does not reflect the overall trend because actual paper citations may change significantly over time. Then, we identified the authors (e.g., first author and affiliation), journals (e.g., country of origin, IF, and JCR category), and most popular research categories. Lastly, we performed statistical analyses to determine the underlying factors that may be related to citation counts.

Although our results provide some valuable information, the limitations of this research need to be recognized. First, the search strategy depends only on the relevant search terms contained in the title or keywords. We may have overlooked several popular publications, such as those indexed by “low back pain” (55). Second, the language of the papers in WOS is restricted to English; thus, studies written in other languages may have been omitted. Japan, for instance, has many influential researchers whose low output may be partly due to their preference for publication in their native language. Third, paper with fewer than 200 citation times were excluded to reduce the number of papers that required follow-up screening, which might miss clinically important articles. Finally, several papers obtained from WOS may be delayed, resulting in flawed citations. When articles are screened by the number of citations, new publications in the field that are of great significance but have not yet reached a high citation level tend to be overlooked.




CONCLUSION

Neuropathic pain research has grown impressively in the past two decades, as evidenced by improvements in research quality and increments in the number of research papers. This bibliometric research is the first to identify and discuss the 100 most-cited papers published in the field of neuropathic pain. Despite the study's limitations, by reviewing these top papers, researchers can immediately understand the significant progress neuropathic pain has achieved over the past two decades, and targeted scientific questions can be selected to fill the gap in research.

This analysis provides insights from prominent individuals and institutions who have contributed considerably to neuropathic pain research and identifies characteristics that are relevant to high citation counts. The citation frequency of the top 100 papers published from 2000 to 2017 ranged from 262 to 1,569. IF and country or region were found to be closely associated with citations. Most of the papers had much higher citations in 2020 compared with their annual citations, reflecting the fact that the top 100 papers have received the continuous attention of researchers and may be of potential academic importance in the future. The two-time point analysis indicated that the citation longevity and citation modes of the most-cited papers changed over time. Compared with the early most-cited papers, recently published most-cited papers reached the peak citation rate faster. The exploration of drug therapy, pathophysiological mechanism, diagnosis, and screening tools of neuropathic pain might be the research focus in the future. Overall, the neuropathic pain field appears to be promising. The major contributions of the most influential studies can serve as an important reference for all pain physicians and neuroscientists because their goal is to improve clinical practice and their own scientific findings.
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