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Background: The increasing utilization of endoscopic lumbar discectomy (ELD) in spinal surgery has sparked widespread interest
and research. This study utilizes bibliometric analysis to identify current research trends and advancements in this innovative surgical
technique, with the goal of informing and improving surgical practices.

Methods: We retrieved relevant literature on ELD from the Science Citation Index Expanded (SCI-Expanded) within the Web of
Science Core Collection (WoSCC) database as research samples. Various visualization tools, such as VOSviewer, CiteSpace, Scimago
Graphica, Pajek, and online bibliometric platform, were employed to generate scientific knowledge maps for the purpose of visual
presentation and data analysis.

Results: Over the past two decades, there has been significant progress in the research related to ELD, particularly since 2016. China
has emerged as the most productive country, while South Korea and the United States have exerted greater academic influence. Tongji
University has contributed the highest number of research output, while academic achievements published by Wooridul Spine Hospital
are highly esteemed by scholars. Lee SH and Ruetten S are the most prolific author and the most highly cited author, respectively.
World Neurosurg has published the highest number of publications, while Spine has become the most influential journal. Clinical
Neurology and Surgery are the primary subject categories. Research in this field primarily revolves around improving ELD techniques,
evaluating postoperative efficacy and prognosis prediction, studying complications and risk factors, as well as comparative research
with other surgical techniques. Keywords such as risk factors, LDH, PETD, lumbar spinal stenosis, degeneration, recurrent herniation,
laminectomy, local anesthesia, and foraminoplasty highlight the current research hotspots and future cutting-edge trends.
Conclusion: This study employed bibliometric analysis to elucidate the research hotspots and frontiers in ELD. The findings have
significant implications for advancing research and development in this field.
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Introduction

With the accelerating pace of modern life, changes in work environments, and the increasing aging population, the
incidence of lumbar disc-related diseases such as lumbar disc herniation (LDH) has been on the rise.'* In recent years,
with the rapid development of endoscopic technology, endoscopic lumbar discectomy (ELD), as a minimally invasive
surgical technique, has gradually attracted the attention of the medical community and has been widely applied in the
treatment of lumbar disc-related diseases.>® Compared to traditional open surgery, ELD offers advantages such as
minimal trauma, faster recovery, and fewer postoperative complications, making it increasingly preferred by both patients
and doctors as one of the treatment options.” > However, the complexity of spinal anatomy and the intricate surgical
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techniques involved in ELD present ongoing challenges in research.'®'" Understanding the current hot topics and
cutting-edge advancements in ELD research is of great importance for guiding clinical practice, promoting technological
innovation, and improving treatment outcomes. Bibliometrics, as an effective research method, allows for systematic
organization, evaluation, and analysis of a large body of relevant literature, uncovering research hotspots, areas of focus,
and academic trends.'*™"*

Therefore, this study aims to conduct a comprehensive and systematic investigation and analysis of the research
hotspots and cutting-edge advancements in ELD using bibliometric and visualization analysis methods. By collecting,
organizing, and analyzing relevant literature, we will uncover the latest research trends in this field, and delve deeper into
the advances in ELD operation techniques, clinical efficacy, and complications. Additionally, through visualizing
research results in the form of charts and graphs, we aim to provide a more intuitive understanding of the distribution
of relevant research in different regions and academic institutions, highlighting academic influence and collaborations.
Furthermore, by analyzing research hotspots and frontiers, we can identify core issues and challenges crucial to the field,
providing a deeper exploration direction for future research and practice. Ultimately, this study will also offer
a comprehensive and systematic literature resource for scholars in related fields, promoting knowledge sharing and
academic collaboration, driving advancements in ELD surgical techniques, and providing better treatment outcomes and
quality of life for patients.

Materials and Methods

Data Source and Retrieval Strategy

This study searched for literature related to ELD from the Science Citation Index Expanded (SCI-Expanded) within the
Web of Science Core Collection (WoSCC) database. To reduce the impact of database updates on data biases, literature
retrieval and data extraction were completed on the same day. We constructed the search strategy using subject words and
entry terms from Medical Subject Headings (MeSH). The search query was ((TS = (endoscop*)) AND TS = (lumbar))
AND TS = (diskectom* OR discectom*), with a restriction on article or review as document types, English as the
language, and a time span from January 1, 2004, to September 30, 2023. After excluding irrelevant literature such as
early access, letter, editorial material, proceeding paper, correction, and meeting abstract, a total of 1267 publications
were included in the study.

Bibliometric Analysis

We exported the literature data from the WoSCC database in the form of plain text files and tab delimited files, and
named them as download xxx.txt. The tab delimited file was uploaded to the bibliometric online analysis platform for
national/regional cooperation analysis. The plain text file literature data was first imported into CiteSpace 6.2.R4
software for data de-duplication. No duplicate literature was found, and we proceeded with the drawing of journal dual-
map overlay, keyword clustering, keyword timeline, keyword burst, subject category co-occurrence, literature clustering,
and literature burst maps. The plain text file literature data was then imported into VOSviewer 1.6.19 software for the
drawing of cooperative, co-citation, and co-occurrence network knowledge maps. Finally, Pajek 5.18 and Scimago
Graphica 1.0.36 software were used for layout adjustment and supplementary drawing of the maps.

Results and Discussion

Analysis of Annual Publications and Citations

This study included a total of 1267 papers related to ELD, published between 2004 and 2023. Among them, 1083
(85.48%) were research papers and 184 (14.52%) were review papers. The total citations (TC) for these papers were
22,008, with an average citation per publication (ACPP) of 17.37 and an H-index of 69. Figure 1 shows the trends in
publications and citation frequency for the past 20 years, which indicate an overall upward trend in both areas, especially
since 2016. However, due to the fact that the data for 2023 only covers a part of the year, there is a slight decrease in the
number of publications and citation frequency. Specifically, the average annual publication and citation frequency
between 2004 and 2006 were 9.3 and 8.7, respectively, while the average for 2020 to 2022 were 173 and 3438.3,
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Figure | Trend chart of annual publications and citations related to ELD from 2004 to 2023.

respectively, representing an increase of 18.6 and 395.2 times, respectively. These data demonstrate that the field of ELD
has attracted widespread attention from researchers in recent years, generating significant research interest and producing

a considerable volume of research outcomes.

Analysis of Countries/Regions
A total of 51 countries/regions participated in the publication of these research papers. Among them, China (669,
52.80%) was the most productive country, followed by South Korea (241, 19.02%) and the United States (161, 12.71%).
The combined publications of these three countries accounted for over 80% of the total, making them the leaders in this
field. Figure 2A illustrates the trend of annual papers in the top 10 countries/regions. It can be seen that these countries
have gone through two main stages of development in their research in this field. The first stage, from 2004 to 2015, was
a period of slow development, as most countries were just beginning to enter this field of research and progress was
relatively slow. South Korea made significant contributions during this period. The second stage, from 2016 to the
present, witnessed a rapid development in research in this field, mainly due to China’s contributions. China’s rapid
progress can be attributed to strong support from national policies and finances, making it the country with the highest
annual publication volume. Figure 2B shows the collaboration between countries/regions, represented by the quantity and
thickness of the lines, indicating the breadth and depth of collaboration.'® It can be observed that China has relatively less
collaboration with other countries/regions compared to the United States and South Korea. However, the United States
has established close collaborations with China, Brazil, South Korea, the Netherlands, and Germany, among others.
The geographic distribution of countries/regions is depicted in Figure 3A, where the size of each node corresponds to
the TC of publications from that country/region. The thickness of the lines between nodes reflects the degree of
collaboration, while the color of the nodes indicates the total link strength (TLS) — a metric that measures the strength
of a country/region’s cooperative relationships with others.'” It can be observed from the figure that South Korea has the
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Figure 2 (A) Stacking area map of top 10 countries/regions in publications. (B) Pie chart of countries/regions cooperation.
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Figure 3 (A) Geographical distribution map of countries/regions cooperation. (B) Time overlay map of cooperation between countries/regions.

highest TC (6602), followed by China (6509) and the United States (3810). The United States has the largest TLS (98),
which means it has the most extensive partnerships. When combined with the data in Table 1, it can be seen that although
China has the highest number of publications and ranks second in terms of TC, its ACPP (9.73) is relatively low. This
reflects the comparatively lower quality of China’s academic output, despite its large quantity. Therefore, Chinese
scholars should focus on producing high-quality research results and strengthen international communication and
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Table | Top 10 Countries/Regions in Publications

Rank | Countries/Regions | Counts (%) | TC ACPP | H-index | TLS | BC
| China 669(52.80%) | 6509 | 9.73 36 67 0.16
2 South Korea 241(19.02%) | 6602 | 27.39 45 59 0.47
3 United States 161(12.71%) | 3810 | 23.66 34 98 0.33
4 Japan 61(4.81%) 814 13.34 15 25 0.18
5 Germany 57(4.50%) 2532 | 44.42 20 45 0.15
6 Turkey 25(1.97%) 310 12.40 10 2 0.26
7 India 23(1.82%) 324 14.09 9 27 0.0l
8 Netherlands 22(1.74%) 844 | 3836 14 14 0.05
9 Brazil 18(1.42%) 86 4.78 4 30 0.01
10 United Kingdom 18(1.42%) 676 | 37.56 I 17 0.12
I Italy 18(1.42%) 285 15.83 9 9 0.0l

Abbreviations: TC, total citations; ACPP, average citation per publication; TLS, total link strength; BC,
betweenness centrality.

cooperation to increase their global impact in the field. In contrast, Germany has relatively lower papers but ranks first in
ACPP (44.42), indicating a high level of research quality and recognition from scholars. Moreover, South Korea not only
has the highest TC, but also holds the top position in H-index (45) and betweenness centrality (BC) (0.47). As H-index is
one of the important indicators for measuring academic influence, and BC represents its crucial role as a bridge in the

collaborative network,'®!"

indicating that South Korea not only has significant academic influence but also plays
a critical role as a key connector in the cooperative network. Figure 3B depicts a collaboration network of countries/
regions with at least five publications, where the size of each node represents the number of publications, and the
thickness of the lines indicates the strength of cooperation.?*! The color of each node reflects the average publication
date, with yellow indicating a later publication date.”” It can be observed that South Korea, the United States, Japan, and
Germany made significant contributions in the early stage of research with earlier publication dates, while China, Brazil,
Switzerland, Thailand, and Colombia gradually entered the research field in recent years and have been making

remarkable progress, particularly in the case of China, which has taken a central position in the field in recent years.

Analysis of Institutions

A total of 1249 institutions collaborated in the publication of these 1267 documents, in which Tongji University (53,
4.18%) from China contributed the highest number of publications, followed by Wooridul Spine Hospital (51, 4.03%)
and Catholic University of Korea (38, 3.00%) in South Korea. Detailed data presented in Table 2 shows that not only did
Wooridul Spine Hospital have a high productivity, but it also ranked first in terms of TC (3030), ACPP (59.41), and
H-index (31), indicating that the papers published by it have been highly regarded and extensively cited by numerous
researchers, making it a core research institution with a leadership position in the field. However, although Tongji

Table 2 Top 10 Institutions in Publications

Rank | Institutions Counts (%) | TC ACPP | H-index | TLS | Location

| Tongji University 53(4.18%) 674 12.72 15 19 China

2 Wooridul Spine Hospital 51(4.03%) 3030 | 59.4I 31 20 South Korea

3 Catholic University of Korea 38(3.00%) 961 25.29 14 36 South Korea

4 Capital Medical University 37(2.92%) 164 4.43 8 13 China

5 Brown University 36(2.84%) 526 14.61 14 I USA

6 Southern Medical University 26(2.05%) 162 6.23 7 Il China

7 Gachon University 26(2.05%) 465 17.88 13 18 South Korea

8 Leon Wiltse Memorial Hospital | 24(1.89%) 808 33.67 14 18 South Korea

9 Shanghai Jiao Tong University 22(1.74%) 119 5.41 6 16 China

10 Seoul National University 21(1.66%) 425 20.24 I 27 South Korea
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University published the highest number of academic papers, its TC (674) and ACPP (12.72) are relatively low,
indicating that its research results have not been widely promoted and cited. Therefore, the institution should focus on
improving its research strength and publishing high-quality academic results to increase its reputation and academic
prestige in the field. Notably, 40% of these institutions are from China, while 50% are located in South Korea, which is
consistent with the national/regional rankings of publications. Figure 4A shows the collaboration relationship between
institutions, where Wooridul Spine Hospital has the most TC, and Changhua Christian Hospital in Taiwan, China, has the
highest TLS (42), indicating that the institution has extensive collaborative relationships, particularly with Kaohsiung
Medical University, also located in Taiwan, China. Figure 4B shows the average publication time of institutions that have
published no less than 10 papers, indicating that high-productivity institutions such as Tongji University, Wooridul Spine
Hospital, Catholic University of Korea, Brown University, Southern Medical University, Leon Wiltse Memorial Hospital,
and Seoul National University made significant contributions to the establishment of important knowledge bases in the
early research stages of the field. With the continued involvement of institutions such as Capital Medical University,
Shanghai Jiao Tong University, Changhua Christian Hospital, Kaohsiung Medical University, Shandong University, and
Qingdao University, this research field has entered a new era of development, which will drive high-quality and rapid
development in this field.

Analysis of Authors
A total of 4578 authors contributed to the publication of the research papers, with Lee SH (52, 4.10%) from Wooridul
Spine Hospital in South Korea being the most prolific author, followed by Ahn Y (43, 3.39%) from Gachon University in
South Korea and Kim JS (41, 3.24%) from Catholic University of Korea. Table 3 presents detailed information on the top
10 authors ranked by publication output, indicating that Lee SH, not only being the most productive author, also holds the
highest TC (2767), ACPP (53.21), and H-index (29) in the field, thus indicating his status as a highly influential core
author whose research achievements have been widely cited, promoting the high-quality development of this field. It is
worth noting that 50% of these highly productive authors are from South Korea and 40% are from China, which is also
consistent with the national/regional ranking of publications. Figure 5SA shows the collaboration relationships among
authors, in which Lee SH and Ahn Y are the authors with the most TC, while He Shisheng from Tongji University in
China has the highest TLS (83), reflecting his extensive collaborative relationships, especially with Gu Xin, Fan Guoxin,
Zhang Hailong, Guan Xiaofei, Gu Guangfei, and Wang Chuanfeng. Figure 5B displays the average publication time of
authors with no less than 10 publications, indicating that high productivity authors such as Lee SH, Ahn Y, Kim JS, Kim
HS, He Shisheng, Zhou Yue, Fan Guoxin, and Gu Xin contributed significantly to the early research in the field, laying
a solid theoretical foundation and possessing high academic influence. The addition of authors such as Chen CM,
Lewandrowski KU, Park HJ, Hofstetter CP, Kotheeranurak V, Lin Guangxun, Wu Panghung, Zhu Bin, and Li Jian has
injected new research energy into this field, thereby contributing vitality to the better and faster development of this field.
Figure 6A illustrates the co-citation relationships among highly cited authors with a minimum citation count of 60.
The size and color of the nodes represent the magnitude of their citation counts and their respective clusters,
respectively.”> The links between nodes and their thickness indicate the co-citation relationships and the strength of
those relationships, respectively.”* By combining the detailed data listed in Table 4, it can be inferred that Ruetten
S (1099) from Saint Anna Hospital in Germany is the most highly cited author, followed by Ahn Y (943) and Kambin
P (700). This indicates their significant academic influence and the high scholarly value of their published research
findings. Notably, Ruetten S also enjoys the highest TLS (14,300) and BC (0.32) scores among the authors, indicating
that he serves as an important hub in the field and has established extensive co-citation relationships, particularly with
Ahn Y, Kambin P, Yeung AT, Choi KC, Choi G, Kim HS, Lee SH, Hoogland T, and Mayer HM. Furthermore, it is
observed that these highly cited authors mainly come from South Korea, Germany, and the United States, while China,
which has the highest number of publications, does not have any highly cited authors. This suggests that the research
output of Chinese scholars may not have received broad recognition and citation, indicating a lack of international
academic influence. This serves as a reminder that a focus on the quality of academic achievements is crucial in
conducting scholarly research. Only by publishing high-quality research can one enhance their academic reputation and
contribute to the healthy and stable development of the field. In Figure 6B, the importance of authors in the field is
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Figure 4 (A) Knowledge map of institutional cooperation network. (B) Time overlay chart of institutional cooperation.
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Table 3 Top 10 Authors in Publications

Rank | Author Counts (%) | TC ACPP | H-index | TLS | Location

| Lee SH 52(4.10%) 2767 | 53.21 29 46 South Korea
2 Ahn Y 43(3.39%) 2104 | 4893 24 32 South Korea
3 Kim JS 41(3.24%) 1197 | 29.20 17 69 South Korea
4 Kim HS 38(3.00%) 717 18.87 17 53 South Korea
5 Telfeian AE | 34(2.68%) 509 14.97 14 59 USA

6 He Shisheng | 31(2.45%) 423 13.65 13 83 China

7 Jang IT 25(1.97%) 458 18.32 12 48 South Korea
8 Zhou Yue 25(1.97%) 651 26.04 17 37 China

9 Fan Guoxin | 24(1.89%) 327 13.63 12 71 China

10 Gu Xin 24(1.89%) 312 13.00 I 6l China

visualized through varying levels of density. A higher density indicates greater academic influence.” Thus, it is evident
from the figure that Ruetten S, Ahn Y, and Kambin P possess significant scholarly prestige in the field, with their research
findings holding high academic value and being frequently cited by numerous scholars, thereby establishing the
foundation of research in the field.

Analysis of Journals

The relevant literature included in this study was published in a total of 185 journals. Among them, World Neurosurg
(174, 13.73%) had the highest number of published papers, followed by Pain Physician (79, 6.24%) and Medicine (58,
4.58%). Detailed information regarding the top 10 journals in terms of publication output is presented in Table 5. From
the data in the table, it can be observed that the average H-index and impact factor (IF) of these journals were 88.09 and
2.37, respectively. Furthermore, 54.5% of the journals belonged to Q1 or Q2 categories, indicating that the majority of
research achievements in this field were published in journals with a moderate level of influence. This, to some extent,
reflects the potential for significant improvement in the research quality within this field. Moreover, although Spine
ranked sixth in terms of publication output, it ranked first in terms of TC (3029), ACPP (79.71), and H-index (254). This
highlights the fact that Spine is a highly influential core journal and is widely recognized as a high-quality authoritative
journal in the field of orthopedics. Additionally, it is worth noting that most of these highly productive journals originated
from the United States or Europe, indicating the significant contributions made by journals from these regions in the
dissemination of knowledge within this field.

Figure 7 displays the co-citation relationships among the highly cited journals with at least 100 citations. Based on the
detailed data presented in Table 6, Spine (6210) was identified as the most highly cited journal, followed by Eur Spine
J (2153) and World Neurosurg (1867). This indicates that these highly cited journals have high academic influence, and
their published academic achievements have been recognized and widely cited by scholars. Furthermore, Spine also
ranked highest in TLS (144,405) and H-index (254), indicating its strong co-citation relationships with other journals,
particularly with Eur Spine J, World Neurosurg, Pain Physician, Neurosurgery, J Neurosurg-Spine, Spine J, J Neurosurg,
Clin Orthop Relat Res, and J Spinal Disord Tech. 1t is noteworthy that all 10 of these highly cited journals are from the
United States, indicating their positive reputation in the field and their outstanding contribution to the dissemination of
academic knowledge. Figure 8 presents a dual-map visualization of the co-citation networks, with citing journals on the
left and cited journals on the right, and the colored lines representing citation pathways.”?® The figure reveals three
main citation paths, indicating that papers published in neurology/sports/ophthalmology journals typically cite articles
from health/nursing/medicine, sports/rehabilitation/sport, and psychology/education/social journals. Based on the afore-
mentioned journal analysis, scholars can derive some valuable insights. When consulting relevant literature in a particular
field, it is advisable to prioritize articles published in highly cited journals. Additionally, when seeking an appropriate
journal for manuscript submission, high-productivity journals should be prioritized. By following these recommenda-
tions, scholars can enhance the targeted nature of their manuscript submissions, facilitating the rapid acceptance and
publication of their academic achievements.
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Table 4 Top 10 Cited Authors by Citation Frequency

Rank | Co-Cited Author | Citations | TLS BC | Location

| Ruetten S 1099 14,300 | 0.32 | Germany

2 Ahn Y 943 12,084 | 0.22 | South Korea
3 Kambin P 700 9511 0.08 | USA

4 Yeung AT 525 6876 0.07 | USA

5 Choi KC 517 6115 0.10 | South Korea
6 Choi G 506 6580 0.06 | South Korea
7 Kim HS 316 4361 0.0l | South Korea
8 Lee SH 298 4254 0.03 | South Korea
9 Hoogland T 283 4024 0.02 | Germany

10 Mayer HM 243 3712 0.19 | Germany

Table 5 Top 10 Journals in Publications

Rank Journal Counts (%) TC ACPP H-Index IF (2022) Quartile in
Category
| World Neurosurg (United States) 174(13.73%) 2196 12.62 95 2.0 Q3
2 Pain Physician (United States) 79(6.24%) 1752 22.18 99 37 Q2
3 Medicine (United States) 58(4.58%) 358 6.17 148 1.6 Q3
4 Eur Spine ] (United States) 54(4.26%) 1564 28.96 136 28 Q2
5 Front Surg (Switzerland) 40(3.16%) 56 1.4 25 1.8 Q3
6 Spine (United States) 38(3.00%) 3029 79.71 254 3.0 Q2
7 )] Orthop Surg Res (England) 37(2.92%) 359 9.70 48 2.6 Q2
8 Neurospine (South Korea) 36(2.84%) 490 13.61 12 32 Ql
9 J Neurol Surg Part A (United States) 35(2.76%) 275 7.86 33 1.0 Q4
10 BMC Musculoskel Dis (England) 33(2.60%) 182 5.52 96 23 Q2
I Orthop Surg (China) 33(2.60%) 157 4.76 23 2.1 Q3

Analysis of Subject Categories

Figure 9 displays the co-occurrence relationships between subject categories with a minimum frequency of 2 occur-
rences. The size of the nodes in the graph corresponds to their frequency of occurrence, while the lines connecting the
nodes represent their co-occurrence relationships. Nodes with a purple outer ring indicate the BC of no less than 0.1, with
larger BC values indicating greater importance of the node within the network.>” Table 7 presents the top 10 subject
categories ranked by frequency of occurrence and BC. From the information depicted in the graph and table, it is evident
that Clinical Neurology (725) has the highest frequency of occurrence, followed by Surgery (520) and Orthopedics (322).
These three categories align with the main focus of the present study. Furthermore, the subject category with the
highest BC is Radiology Nuclear Medicine Medical Imaging (0.76), followed by Surgery (0.71) and Mathematical
Computational Biology (0.64). This signifies their crucial role as bridging disciplines within the field, facilitating
connections between different subject areas. It is worth mentioning Surgery specifically, as it not only has a high
frequency of occurrence but also exhibits high BC. This suggests that research in this domain primarily revolves around
Surgery as a central theme, constantly integrating with other disciplines to promote diversified advancements in the field.
Therefore, in future studies, it is necessary to enhance the interrelatedness and collaboration among various subject areas
within this field, broaden the depth and breadth of research, and facilitate breakthroughs in high-quality research through

interdisciplinary approaches, ultimately serving the betterment of human health.
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Figure 7 Journal co-citation network knowledge map.

Analysis of Highly Cited References

Highly cited literature not only indicates high-quality research outcomes but also reflects the knowledge foundation
in a specific research field to some extent.*° Figure 10 shows the co-citation relationships among the literature with
a citation frequency of no less than 50, while Table 8 provides the list of the top 10 highly cited papers. Among
them, the most highly cited paper is a study by Yeung et al,’' published in Spine in 2002. The study investigated the
outcome of posterior lateral ELD in 307 patients with LDH and found that 90.7% of the participants were satisfied
with the surgical outcomes. This suggests that the clinical efficacy of posterior lateral ELD is comparable to

Table 6 Top 10 Cited Journals in Citation Frequency

Rank Co-Cited Journal Citations TLS H-index IF (2022) Quartile in
Category

| Spine (United States) 6210 144,405 254 3.0 Q2

2 Eur Spine J (United States) 2153 59,536 136 2.8 Q2

3 World Neurosurg (United States) 1867 49,581 95 2.0 Q3

4 Pain Physician (United States) 1511 36,674 99 37 Q2

5 Neurosurgery (United States) 1448 45,979 34 4.8 Ql

6 ] Neurosurg-Spine (United States) 1399 42,479 100 2.8 Q2

7 Spine ] (United States) 1041 29,164 108 4.5 Ql

8 J Neurosurg (United States) 943 31,593 210 4.1 Ql

9 Clin Orthop Relat R (United States) 820 22,948 204 42 Ql

10 J Spinal Disord Tech (United States) 770 23,985 85 N.A. N.A.
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traditional open transcanal microdiscectomy for treating LDH. In 2006, Ruetten et al** published a prospective study
in Minim Invas Neurosur, investigating the technical feasibility of full-endoscopic interlaminar access. The 2-year
follow-up of 331 patients with LDH revealed that 82% of the patients experienced the disappearance of leg pain
symptoms, while 13% occasionally experienced pain. The decompression effect was found to be equivalent to
conventional surgery. The recurrence rate was only 2.4%, and no severe surgical complications were observed. The
133

following year, Ruetten et al”~ published another study in J Neurosurg-Spine, discussing the potential of using newly

developed optical devices and instruments for full-endoscopic transforaminal and interlaminar discectomy of LDH.
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Table 7 Top 10 Subject Categories in Frequency of Occurrence and Betweenness Centrality

Rank | Subject Categories Frequency | Rank | Subject Categories BC
| Clinical Neurology 725 | Radiology Nuclear Medicine Medical Imaging | 0.76
2 Surgery 520 2 Surgery 0.71
3 Orthopedics 322 3 Mathematical Computational Biology 0.64
4 Medicine General Internal 112 4 Biology 0.63
5 Anesthesiology 90 5 Neuroimaging 0.6l
6 Medicine Research Experimental 90 6 Cell Biology 0.55
7 Rheumatology 34 7 Biochemistry Molecular Biology 0.51
8 Biotechnology Applied Microbiology | 32 8 Biotechnology Applied Microbiology 0.43
9 Neurosciences 27 9 Medicine Research Experimental 0.36
10 Neuroimaging 20 10 Anesthesiology 0.29

The results indicated the feasibility of this technique, highlighting its advantages as a truly minimally invasive
surgery. One year later, in 2008, Ruetten et al** conducted another study published in Spine, evaluating the surgical
outcomes of full-endoscopic interlaminar and transforaminal techniques compared to conventional microsurgical
techniques. The 2-year follow-up of 178 patients with LDH who underwent full-endoscopic or microsurgical
discectomy demonstrated similar clinical results for both treatment methods. However, full-endoscopic techniques
presented advantages in terms of lower back pain, rehabilitation, complications, and trauma. In the same year, Choi
et al’” published a study in Spine, assessing the clinical efficacy of percutaneous endoscopic transforaminal lumbar
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Table 8 Top 10 Cited References

Rank | Co-Cited Reference Author and Citations | TLS | Journal IF(2022) H-index | Quartile
Publication Year in
Category

| Posterolateral endoscopic excision for lumbar disc herniation: Surgical technique, | Yeung AT, 2002 332 2558 | Spine (IF: 3.0) 254 Q2
outcome, and complications in 307 consecutive cases.

2 Full-endoscopic interlaminar and transforaminal lumbar discectomy versus Ruetten S, 2008 314 2501 | Spine (IF: 3.0) 254 Q2
conventional microsurgical technique: a prospective, randomized, controlled study.

3 Transforaminal posterolateral endoscopic discectomy with or without the Hoogland T, 2006 164 1389 | Spine (IF: 3.0) 254 Q2
combination of a low-dose chymopapain: a prospective randomized study in 280
consecutive cases.

4 Use of newly developed instruments and endoscopes: full-endoscopic resection of | Ruetten S, 2007 153 1337 | ] Neurosurg-Spine (IF: 2.8) 100 Q2
lumbar disc herniations via the interlaminar and lateral transforaminal approach.

5 Percutaneous endoscopic discectomy: surgical technique and preliminary results Mayer HM, 1993 145 1391 | J Neurosurg (IF: 4.1) 210 Ql
compared to microsurgical discectomy.

6 Percutaneous endoscopic lumbar discectomy for recurrent disc herniation: surgical | Ahn Y, 2004 145 1304 | Spine (IF: 3.0) 254 Q2
technique, outcome, and prognostic factors of 43 consecutive cases.

7 A prospective, randomized study comparing the results of open discectomy with Hermantin FU, 1999 132 1258 | ] Bone Joint Surg Am (IF: 5.3) 260 Ql
those of video-assisted arthroscopic microdiscectomy.

8 A New full-endoscopic technique for the interlaminar operation of lumbar disc Ruetten §, 2006 128 1076 | Minim Invas Neurosur (IF: N.A.) | 46 N.A.
herniations using 6-mm endoscopes: prospective 2-year results of 331 patients.

9 Operative failure of percutaneous endoscopic lumbar discectomy: a radiologic Lee SH, 2006 124 1073 | Spine (IF: 3.0) 254 Q2
analysis of 55 cases.

10 Percutaneous endoscopic approach for highly migrated intracanal disc herniations | Choi G, 2008 122 974 Spine (IF: 3.0) 254 Q2
by foraminoplastic technique using rigid working channel endoscope.
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discectomy combined with foraminoplasty for the treatment of 59 patients with soft highly migrated intracanal LDH.
After an average follow-up period of 25.4 months, 91.4% of the patients achieved satisfactory results. As the third
highest-cited paper, it was published by Hoogland et al*® in Spine in 2006. This study compared the efficacy of
standalone ELD versus ELD combined with intradiscal low-dose chymopapain injection for the treatment of LDH.
The randomized controlled trial included 280 patients, and the results of the 2-year follow-up showed that 85.4% of
patients in the standalone treatment group experienced satisfactory outcomes, while 7.7% were dissatisfied. In
contrast, the combined treatment group had 93.3% of patients with satisfactory outcomes and only 4.2% dissatisfied.
These differences in outcomes between the two groups were statistically significant, suggesting that ELD combined

137 also

with intradiscal low-dose chymopapain injection has therapeutic advantages. In the same year, Lee et a
published a highly-cited study in Spine, which analyzed the reasons for the failure of percutanecous ELD. The study
found that herniations with high-canal compromise and high-grade migration had the highest failure rate, suggesting
that open surgery should be considered for such cases, while percutaneous ELD could still be a suitable treatment
option for other intracanal LDH. Furthermore, Mayer et al’® published the fifth highest-cited paper in 1993 in
J Neurosurg, comparing the clinical outcomes of percutaneous ELD and microdiscectomy for the treatment of LDH.
The study included 20 patients for each treatment group, and a 2-year follow-up revealed that 80% of patients in the
percutancous ELD group experienced the disappearance of sciatica symptoms, 47% had relief from low back pain,
and a remarkable 95% were able to return to their previous occupations. In comparison, the microdiscectomy group
had 65% experiencing relief from sciatic pain, 25% from low back pain, and 72.2% returning to their previous
occupations. Another highly-cited study by Ahn et al*® in 2004, published in Spine, evaluated the effectiveness of
percutaneous ELD for the treatment of recurrent LDH. The study included 43 patients who met the inclusion
criteria, and with an average follow-up of 31 months, 81.4% of patients showed satisfactory results, indicating that
this technique is an effective approach for treating recurrent LDH. The last highly cited literature was published by
Hermantin et al*® in 1999 in J Bone Joint Surg Am. The study randomized 60 patients with LDH into two groups:
open laminotomy and discectomy, and video-assisted arthroscopic microdiscectomy. The results showed that both
treatment approaches achieved comparable satisfactory outcomes. However, patients treated with arthroscopic
microdiscectomy had shorter average durations of postoperative disability and use of anesthesia. Through the
analysis of the aforementioned highly-cited papers, it is evident that ELD has become an effective treatment
modality for LDH, with its efficacy further confirmed by multiple studies. These research findings provide
a theoretical foundation for the optimization and clinical application of this technique, as well as clarify its
indications, contraindications, and its effectiveness when used in combination with other treatment modalities.
Overall, these studies have significantly contributed to the field and have established a knowledge base of high
impact.

Figure 11A utilizes the log-likelihood ratio algorithm to form 19 literature clustering labels, which represent the main
research topics in the field. The smaller the label number, the larger the cluster size. The modularity Q of this clustering is
0.8518, and the weighted mean silhouette S is 0.9647. Generally, Q > 0.3 indicates significant structural division, while
S > 0.7 signifies efficient and convincing clustering.*' ™ To gain a more visual understanding of the evolving trends of
each clustering label over time, this study also presents a map for display in Figure 11B. From the graph, it can be
observed that #3 foraminotomy, #6 leg pain, #11 minimally invasive transforaminal lumbar interbody fusion, and #13
unilateral biportal endoscopy are recent hot research topics.

Analysis of References Burst

References burst refers to the phenomenon where certain papers are frequently cited within a specific period of time.****
Through the analysis of burst literature, we can gain insights into the hot research topics during that period.***” In this
study, by setting the minimum burst duration to 3 years, we detected the top 30 references with high burst strength, as
shown in Figure 12. The “Strength” in the graph represents the magnitude of literature burst, with higher values
indicating stronger burst.*® “Begin” and “End” respectively indicate the starting and ending time of the burst, while
the blue lines represent the time intervals, and the red lines represent the duration of burst.***° From the figure, it can be

observed that 11 references have a burst duration extending until 2023 or beyond. These papers reflect, to some extent,
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Top 30 References with the Strongest Citation Bursts

References Year Strength Begin End 2004 - 2023
Yeung AT, 2000, MT SINAI J MED, V67, P327 2000  11.01 2004 2011
Lew SM, 2001, J NEUROSURG, V94, P216, DOI 10.3171/spi.2001.94.2.0216, DOI 2001 13.212006 2017
Foley KT, 1997, TECH NEUROSURG, V3, P301 1997 14.8 2008 2017
Lee SH, 2006, MT SINAI J MED, V73, P795 2006  14.412008 2017
Choi G, 2007, SPINE, V32, PE93, DOI 10.1097/01.brs.0000252093.31632.54, DOI 2007  11.24 2008 2019
Lee DY, 2008, NEUROL MED-CHIR, V48, P383, DOI 10.2176/nmc.48.383, DOI 2008  12.342010 2017
Righesso O, 2007, NEUROSURGERY, V61, P545, DOI 10.1227/01.NEU.0000290901.00320.F5, DOl 2007  10.36 2010 2015
Teli M, 2010, EUR SPINE J, V19, P443, DOI 10.1007/s00586-010-1290-4, DOl 2010  13.07 2012 2017
Wang B, 2011, SPINE J, V11, P122, DOI 10.1016/j.spinee.2010.12.006, DOI 2011 12.122012 2019
Lee DY, 2009, ) KOREAN NEUROSURG S, V46, P515, DOI 10.3340/jkns.2009.46.6.515, DOI 2009  14.17 2014 2017
Birkenmaier C, 2013, PAIN PHYSICIAN, V16, P335 2013 14.812016 2019
Ahn'Y, 2012, EXPERT REV MED DEVIC, V9, P361, DOI 10.1586/ERD.12.23, DOI 2012 14.01 2016 2021
Ahn SS, 2016, WORLD NEUROSURG, V86, P250, DOI 10.1016/j.wneu.2015.09.047, DOI 2016  12.832016 2021
Sencer A, 2014, WORLD NEUROSURG, V82, P884, DOI 10.1016/j.wneu.2014.05.032, DOI 2014 12.142016 2019
Choi KC, 2016, PAIN PHYSICIAN, V19, PO 2016 12.052016 2021
Pan L, 2014, INT J SURG, V12, P534, DOI 10.1016/j.ijsu.2014.02.015, DOl 2014  11.382016 2019
Ahn'Y, 2014, EXPERT REV MED DEVIC, V11, P605, DOI 10.1586/17434440.2014.940314, DOI 2014 16.652018 2021
Ruan WF, 2016, INT J SURG, V31, P86, DOI 10.1016/j.ijsu.2016.05.061, DOI 2016  15.152018 2023
Cong L, 2016, EUR SPINE J, V25, P134, DOI 10.1007/s00586-015-3776-6, DOI 2016 14.11 2018 2021
Rasouli MR, 2014, COCHRANE DB SYST REV, VO, PO, DOI 10.1002/14651858.CD010328.pub2, DOI 2014 11.92018 2021
Liu XY, 2018, ) NEUROSURG-SPINE, V28, P317, DOI 10.3171/2017.6.SPINE172, DOI 2018  21.742020 2023
Chen ZH, 2018, ) NEUROSURG-SPINE, V28, P300, DOI 10.3171/2017.7.SPINE161434, DOI 2018 16.252020 2023
Kim HS, 2018, PAIN PHYSICIAN, V21, PO 2018  15.912020 2023
Sairyo K, 2018, J ORTHOP SCl, V23, P229, DOI 10.1016/j.jos.2017.10.015, DOI 2018 14.892020 2023
Kim M, 2018, BIOMED RES INT, V2018, PO, DOI 10.1155/2018/9073460, DOI 2018 13.56 2020 2023
Ahn'Y, 2019, INT ORTHOP, V43, P909, DOI 10.1007/500264-018-04283-w, DOI 2019 12.52020 2023
Gibson JNA, 2017, EUR SPINE J, V26, P847, DOI 10.1007/s00586-016-4885-6, DOI 2017  11.822020 2023
Pfirrmann CWA, 2001, SPINE, V26, P1873, DOI 10.1097/00007632-200109010-00011, DOI 2001 11.48 2020 2023
Yin S, 2018, PAIN PHYSICIAN, V21, P337 2018 11.14 2020 2023
Chen JG, 2018, WORLD NEUROSURG, V116, P412, DOI 10.1016/j.wneu.2018.05.075, DOI 2018 10.8 2020 2023

Figure 12 References burst map.

the recent research hotspots and future development trends. Therefore, further analysis will be focused on these selected

literature pieces. Among these 11 papers, the one with the highest burst strength is a study by Liu et al®'

published in
J Neurosurg-Spine in 2018. This study analyzed the comparative efficacy of percutaneous endoscopic transforaminal
discectomy (PETD), microendoscopic discectomy (MED), and microdiscectomy for the treatment of symptomatic LDH.
Through analysis of multiple outcome measures, it was found that all three techniques were effective in treating
symptomatic LDH. However, under restricted indications and with a minimum follow-up of 2 years, PETD achieved

faster recovery and better clinical outcomes. In the same year, Chen et al>

also published a study in J Neurosurg-Spine,
comparing the efficacy of PETD and MED in the treatment of LDH. After grouping 153 patients for treatment and
following up for 1 year, it was found that PETD did not demonstrate superior clinical outcomes compared to MED, and
PETD showed less satisfactory results for median disc herniation, whereas MED was not suitable for far lateral disc
herniation. Another highly emergent paper, ranked third in burst strength, was published by Kim et al>® in Pain Physician
in 2018. This study evaluated the clinical efficacy of percutancous ELD for different types of LDH. The results
demonstrated a success rate of over 96% with percutaneous ELD, making it an effective alternative to microscopic
lumbar discectomy. The subsequent highly emergent paper, published by Ruan et al>* in Int J Surg in 2016, employed
a systematic review and meta-analysis to evaluate the efficacy of percutaneous ELD and open lumbar microdiscectomy
for LDH. Although percutaneous ELD had shorter operative and hospitalization times, the two treatment modalities were
comparable in terms of functional outcomes, complications, and reoperation rates. Further, in 2018, Sairyo et al>
published the fifth-ranked emergent paper in J Orthop Sci, which reviewed of the development of percutaneous ELD and
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highlighted the application prospects of transforaminal percutaneous endoscopic surgery in lumbar spinal stenosis. In the
same year, Kim et al’® published a study in Biomed Res Int, evaluating the clinical efficacy of percutaneous ELD and
open lumbar microdiscectomy for LDH in the Korean population. The results showed that percutaneous ELD had
advantages in visual analog pain scale, Oswestry Disability Index, operative time, and hospitalization duration, while
there were no statistical differences in complications, recurrence rate, and reoperation rate compared to open lumbar
microdiscectomy. In the following year, Ahn Y°” published the seventh highest burst strength paper on Int Orthop, which
reviewed the indications, surgical techniques, and clinical outcomes of current spinal endoscopic surgery. The study
predicted that with the development of technology, the indications of endoscopic surgery would expand, and clinical
outcomes would become more practical and reliable. In 2017, Gibson et al’® published the eighth highest burst strength
paper in Eur Spine J, which compared and analyzed the clinical efficacy of transforaminal endoscopic discectomy and
microdiscectomy. The results showed that transforaminal endoscopic discectomy had advantages in terms of post-
operative hospitalization time and postoperative 2-year incidence of leg pain on the affected side. The ninth highest

159

burst strength paper was published by Pfirrmann et al”” in Spine in 2001, which developed a classification system for

LDH based on magnetic resonance imaging and evaluated its reliability. In 2018, a systematic review and meta-analysis

1°° and published in Pain Physician evaluated the incidence of recurrent herniation after

study conducted by Yin et a
percutaneous ELD. The results showed that the postoperative recurrence rate of percutaneous ELD was 3.6%, usually
occurring within 6 months after surgery, and that advanced age, obesity, upper lumbar disc, and central disc herniation
might be independent risk factors. Also in 2018, Chen et al®' published the last high burst strength paper in World
Neurosurg, comparing the efficacy of PETD and percutaneous endoscopic interlaminar discectomy (PEID) in treating
L5-S1 LDH. The study found no statistically significant differences between the two procedures in estimated blood loss,
postoperative bed rest time, hospitalization time, visual analog pain scale, Oswestry Disability Index, and complications,
but PEID had advantages in terms of fluoroscopy times and operation time. Through the analysis of the above high burst

strength references, it can be concluded that research in this area mainly focuses on the clinical efficacy, indications,
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Table 9 Top 20 Keywords in Frequency of Occurrence

Rank | Keyword Frequency | TLS | Rank | Keyword Frequency | TLS
| Surgery 589 3256 | I Spinal stenosis 182 1075
2 Discectomy 450 2336 | 12 Decompression 161 1002
3 Lumbar disc herniation 370 1818 | 13 Interlaminar 149 894
4 Disc herniation 351 1979 | 14 Lumbar 149 780
5 Minimally invasive 229 1331 15 Microendoscopic diskectomy 135 826
6 Microdiscectomy 216 1282 | 16 Learning curve 125 798
7 Outcomes 213 1242 | 17 Endoscopic discectomy 107 556
8 Endoscopy 212 1189 | 18 Low back pain 107 530
9 Complications 194 1206 | 19 Percutaneous transforaminal endoscopic discectomy | 105 494
10 Percutaneous endoscopic lumbar discectomy | 192 834 20 Lumbar diskectomy 83 357

complications, and recurrence rate of ELD in treating LDH. Continuous optimization and improvement of ELD can
expand its scope of application and improve its therapeutic efficacy.

Analysis of Keywords

Keywords are highly condensed summaries of research topics in a paper.®” By analyzing high-frequency keywords, one
can gain insights into the main research content and hot research topics in a specific field.*>*** Figure 13 illustrates the co-
occurrence relationships among keywords that appear at least 10 times, while Table 9 lists the top 20 high-frequency
keywords. These high-frequency keywords provide a general overview of the main research content in the field.
Additionally, from the figure, it can be observed that keywords such as PETD, degeneration, risk factors, recurrent
herniation, lumbar discectomy, meta-analysis, local anesthesia, endoscopic spine surgery, and laminectomy are repre-
sented by nodes that are predominantly red in color. Since nodes that are closer to red indicate a later average appearance
time, these keywords reflect recent hot research topics. Figure 14 presents 20 keyword cluster labels formed using the
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Figure 15 Keywords timeline map.

log-likelihood ratio algorithm. These labels represent the main research content in the field, and the modularity Q is
calculated as 0.8556, while the weighted mean silhouette S is 0.9405. These values indicate that the formed cluster
structure is significant, efficient, and persuasive. In order to visualize the temporal evolution of these clusters, they are
reorganized using a timeline in Figure 15. The timeline graphically illustrates the development trends of each cluster
label over time. From the figure, it can be observed that the research topics represented by Cluster #2 LDH, Cluster #3
endoscopic discectomy, and Cluster #7 prospective randomized trial have been ongoing until the present. By setting the
duration of keyword burst to 2 years, 30 keywords with high burst intensity were detected, as shown in Figure 16. From
the figure, it can be observed that keywords such as risk factors, LDH, PETD, lumbar spinal stenosis, degeneration,
laminectomy, local anesthesia, and foraminoplasty have consistently burst until 2023 or beyond. This indicates that they

are hot research topics in recent years and may also reflect future research trends to some extent.

Strengths and Limitations

This study employed the research methods of bibliometrics to comprehensively summarize and analyze relevant
literature in the ELD field, and presented the research results in the form of a visual knowledge map. Compared with
traditional literature reviews or meta-analyses, the literature included in this study was more comprehensive, and the data
processing and analysis were more detailed, free from the influence of subjective selection and judgment, thus presenting
more objective and realistic research results.®> However, even so, this study still has certain limitations. Firstly, the
literature data included in this study only came from the SCI-Expanded database in the WoSCC database, which is

h,%7%% and the types and languages of literature were restricted, which may result

commonly used in bibliometric researc
in the omission of some literature that meets the inclusion criteria. But such operations can include more high-quality
research while ensuring a sufficient amount of research data to ensure the quality of this study. Secondly, some high-
quality research results published recently may be underestimated in their academic impact due to their low citations.
Nevertheless, the results analyzed in this study still provide important reference value and guidance for scholars in this

field.
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Top 30 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2004 - 2023
discectomy 2005 9.58 2005 2013
arthroscopic microdiscectomy 2005 7.22005 2011
diagnosis 2005 3.752005 2017
fragment excision 2005 3.66 2005 2009
graded facetectomy 2005 3.532005 2009
percutaneous discectomy 2006 4.57 2006 2017
follow up 2005 7.322010 2019
percutaneous endoscopic diskectomy 2010 10.07 2012 2017
foraminotomy 2014 7.832014 2019
interlaminar 2009 7.512014 2017
radiation exposure 2015 6.46 2015 2019
minimally invasive 2005 5.96 2014 2017
percutaneous transforaminal endoscopic discectomy 2016 9.192016 2021
lumbar disk herniation 2011 5.252016 2019
metaanalysis 2016 4922016 2021
transforaminal approach 2007 4.342016 2019
percutaneous endoscopic lumbar discectomy 2007 4122016 2017
recurrent herniation 2016 3.432016 2017
spinal stenosis 2008 8.332018 2021
lateral recess stenosis 2004 6.39 2018 2021
risk factors 2006  10.26 2020 2023
lumbar disc herniation 2006 8.45 2020 2023
percutaneous endoscopic transforaminal discectomy 2020 7.11 2020 2023
lumbar spinal stenosis 2007 6.62 2020 2023
degeneration 2020 62020 2023
laminectomy 2005 5.97 2020 2023
local anesthesia 2018 4.45 2020 2023
foraminoplasty 2005 4.322020 2023
instability 2005 3.91 2020 2021
endoscopic lumbar diskectomy 2010 3.64 2020 2021

Figure 16 Keywords burst map.

Conclusion

In the past 20 years, research related to ELD has undergone rapid development, especially since 2016, when a large
number of academic achievements in this field began to emerge and gain extensive dissemination and citation. China has
become the most productive country in this field, while South Korea and the United States have greater academic
influence. Tongji University in China has contributed the most research achievements, while academic achievements
from Wooridul Spine Hospital in South Korea are more popular among scholars. Lee SH from South Korea and Ruetten
S from Germany are respectively the most productive author and the most highly cited author. World Neurosurg has
produced the most publications, while Spine has become the most influential journal. Clinical Neurology and Surgery are
the main subject categories. Research in this field mainly focuses on improving ELD technology, evaluating post-
operative efficacy and predicting prognosis, studying complications and risk factors, and comparing ELD with other
surgical techniques. Keywords such as risk factors, LDH, PETD, lumbar spinal stenosis, degeneration, recurrent
herniation, laminectomy, local anesthesia, and foraminoplasty reflect the current research hotspots and future cutting-
edge trends in this field.

Data Sharing Statement
The original contributions presented in the study are included in the article, further inquiries can be directed to the
corresponding author.

Journal of Pain Research 2024:17 hetps: 2187

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhong et al Dove

Funding
The study was supported by the Innovation Project of Guangxi Graduate Education (No. YCBXJ2022018).

Disclosure
The authors declare that there are no conflicts of interest in this work.

References

1

oo

.Ma X, Li W, Gao S, et al. Comparison of unilateral biportal endoscopic discectomy versus percutaneous endoscopic lumbar discectomy for the

treatment of lumbar disc herniation: a systematic review and meta-analysis. Medicine. 2022;101(39):¢30412. doi:10.1097/MD.0000000000030612

. Chang F, Zhang T, Gao G, et al. Therapeutic effect of percutaneous endoscopic lumbar discectomy on lumbar disc herniation and its effect on

oxidative stress in patients with lumbar disc herniation. Exp Ther Med. 2017. doi:10.3892/etm.2017.5348

. Tang J, Li Y, Wu C, et al. Clinical efficacy of transforaminal endoscopic lumbar discectomy for lumbar degenerative diseases: a minimum 6-year

follow-up. Front Surg. 2022;9:1004709. doi:10.3389/fsurg.2022.1004709

. Wang A, Yu Z. Comparison of percutaneous endoscopic lumbar discectomy with minimally invasive transforaminal lumbar interbody fusion as

a revision surgery for recurrent lumbar disc herniation after percutaneous endoscopic lumbar discectomy. TCRM. 2020;16:1185-1193. doi:10.2147/
TCRM.S283652

.Wu H, Li T, Cao J, et al. Does percutaneous endoscopic lumbar discectomy for adolescent posterior ring apophysis fracture accompanied with

lumbar disc herniation have better outcome than lumbar disc herniation alone? JPR. 2023;16:911-919. do0i:10.2147/JPR.S380945

. Li K-H, Yang H, Li Z-G, Ma X-L. The effect of annulus fibrosus incision and foraminoplasty on lumbar biomechanics in percutaneous endoscopic

lumbar discectomy: a finite element analysis. Comput. Methods Biomech. Biomed. Eng. 2023;1-9. do0i:10.1080/10255842.2023.2271602

. Liu C, Zhou Y. Comparison between percutaneous endoscopic lumbar discectomy and minimally invasive transforaminal lumbar interbody fusion

for lumbar disc herniation with biradicular symptoms. World Neurosurg. 2018;120:¢72—e79. doi:10.1016/j.wneu.2018.07.146

. Shen S-C, Chen H-C, Tsou H-K, et al. Percutaneous endoscopic lumbar discectomy for L5-S1 disc herniation based on image analysis and clinical

findings: a retrospective review of 345 cases. Medicine. 2023;102:¢32832. doi:10.1097/MD.0000000000032832

. Chen C, Ma X, Zhao D, et al. Full endoscopic lumbar foraminoplasty with periendoscopic visualized trephine technique for lumbar disc herniation

with migration and/or foraminal or lateral recess stenosis. World Neurosurg. 2021;148:¢658—e666. doi:10.1016/j.wneu.2021.01.062

. Zhang M, Yan L, Li S, Li Y, Huang P. Ultrasound-guided transforaminal percutaneous endoscopic lumbar discectomy: a new guidance method that

reduces radiation doses. Eur Spine J. 2019;28(11):2543-2550. doi:10.1007/s00586-019-05980-9

.Yuan C, Wang J, Zhou Y, Pan Y. Endoscopic lumbar discectomy and minimally invasive lumbar interbody fusion: a contrastive review.

Videosurgery Other Miniinvasive Tech. 2018;13(4):429-434. doi:10.5114/wiitm.2018.77744

. Xu Q, Zhou Y, Zhang H, Li H, Qin H, Wang H. Bibliometric analysis of hotspots and frontiers of immunotherapy in pancreatic cancer. Healthcare.

2023;11:304. doi:10.3390/healthcare11030304

13. Liu Z, Wang M, Luo J, Tan Y, Hou M, Wang S. A bibliometric analysis of hotpots and trends for the relationship between skin inflammation and
regeneration. Front Surg. 2023;10:1180624. doi:10.3389/fsurg.2023.1180624

14. Hou Z, Wang W, Su S, et al. Bibliometric and visualization analysis of biomechanical research on lumbar intervertebral disc. J Pain Res.
2023;16:3441-3462. doi:10.2147/JPR.S428991

15. Yang J, Wu J, Han T, et al. Global research hotspots and frontiers of myasthenia gravis from 2002 to 2021: a bibliometric study. Medicine.
2023;102:¢34002. doi:10.1097/MD.0000000000034002

16. Li F, Zhang D, Chen J, Tang K, Li X, Hou Z. Research hotspots and trends of brain-computer interface technology in stroke: a bibliometric study
and visualization analysis. Front Neurosci. 2023;17:1243151. doi:10.3389/fnins.2023.1243151

17. Lu H, Han T, Li F, Yang J, Hou Z. Global trends and hotspots in research of robotic surgery in oncology: a bibliometric and visual analysis from
2002 to 2021. Front Oncol. 2022;12:1055118. doi:10.3389/fonc.2022.1055118

18. Jiang F, Sun T, Cheng P, Wang J, Gong W. A summary on tuberculosis vaccine development-where to go? J Pers Med. 2023;13:408. doi:10.3390/
jpm13030408

19. Zhang G, Song J, Feng Z, et al. Artificial intelligence applicated in gastric cancer: a bibliometric and visual analysis via citespace. Front Oncol.
2023;12:1075974. doi:10.3389/fonc.2022.1075974

20. Zhu M-X, Sun S-Q, Fan G-B, et al. Knowledge mapping of research on the mitochondrial unfolded protein response: a bibliometric and visual
analysis. Ann Transl Med. 2023;11:64. doi:10.21037/atm-22-6423

21. He L, Guo Q-F, Hu Y, et al. Bibliometric and visualised analysis on non-invasive cerebellar stimulation from 1995 to 2021. Front Neurosci.
2023;17:1047238. doi:10.3389/fnins.2023.1047238

22.Zhao Y, Xiao Y, Hu Z, et al. Bibliometric analysis of single-cell sequencing researches on immune cells and their application of DNA damage
repair in cancer immunotherapy. Front Oncol. 2023;13:1067305. doi:10.3389/fonc.2023.1067305

23. Zhang J-H, Wang M-J, Tan Y-T, Luo J, Wang S-C. A bibliometric analysis of apoptosis in glaucoma. Front Neurosci. 2023;17:1105158.
doi:10.3389/fnins.2023.1105158

24. Tang F, Jiang C, Chen J, Wang L, Zhao F. Global hotspots and trends in myofascial pain syndrome research from 1956 to 2022: a bibliometric
analysis. Medicine. 2023;102:¢33347. doi:10.1097/MD.0000000000033347

25. Chen M, Zhang Y, Dong L, Guo X. Bibliometric analysis of stroke and quality of life. Front Neurol. 2023;14:1143713. doi:10.3389/fheur.2023.1143713

26. Chen S, Sun D, Wang N, et al. Current status and trends in quantitative MRI study of intervertebral disc degeneration: a bibliometric and clinical
study analysis. Quant Imaging Med Surg. 2023;13:2953-2974. doi:10.21037/qims-22-1219

27. Wang J, Gong Z, Yu M. Bibliometric study on the knowledge graph of immunotherapy for head and neck cancer. Front Oncol. 2023;13:942777.
doi:10.3389/fonc.2023.942777

28.Li Y, Wang H, Jiang L, Chen L, Zhao K, Li X. A bibliometric analysis of chronic obstructive pulmonary disease and COVID-19. Medicine.
2023;102:¢33240. doi:10.1097/MD.0000000000033240

2188 https: Journal of Pain Research 2024:17

Dove!


https://doi.org/10.1097/MD.0000000000030612
https://doi.org/10.3892/etm.2017.5348
https://doi.org/10.3389/fsurg.2022.1004709
https://doi.org/10.2147/TCRM.S283652
https://doi.org/10.2147/TCRM.S283652
https://doi.org/10.2147/JPR.S380945
https://doi.org/10.1080/10255842.2023.2271602
https://doi.org/10.1016/j.wneu.2018.07.146
https://doi.org/10.1097/MD.0000000000032832
https://doi.org/10.1016/j.wneu.2021.01.062
https://doi.org/10.1007/s00586-019-05980-9
https://doi.org/10.5114/wiitm.2018.77744
https://doi.org/10.3390/healthcare11030304
https://doi.org/10.3389/fsurg.2023.1180624
https://doi.org/10.2147/JPR.S428991
https://doi.org/10.1097/MD.0000000000034002
https://doi.org/10.3389/fnins.2023.1243151
https://doi.org/10.3389/fonc.2022.1055118
https://doi.org/10.3390/jpm13030408
https://doi.org/10.3390/jpm13030408
https://doi.org/10.3389/fonc.2022.1075974
https://doi.org/10.21037/atm-22-6423
https://doi.org/10.3389/fnins.2023.1047238
https://doi.org/10.3389/fonc.2023.1067305
https://doi.org/10.3389/fnins.2023.1105158
https://doi.org/10.1097/MD.0000000000033347
https://doi.org/10.3389/fneur.2023.1143713
https://doi.org/10.21037/qims-22-1219
https://doi.org/10.3389/fonc.2023.942777
https://doi.org/10.1097/MD.0000000000033240
https://www.dovepress.com
https://www.dovepress.com

Dove Zhong et al

29.

30.

Hou Z, Jiang P, Su S, Zhou H. Hotspots and trends in multiple myeloma bone diseases: a bibliometric visualization analysis. Front Pharmacol.
2022;13:1003228. doi:10.3389/fphar.2022.1003228

Li R, Wang Y, Zhao Z, Li X, Liu Z. A bibliometric analysis based on web of science from 2012 to 2021: current situation, hot spots, and global
trends of medullary thyroid carcinoma. Front Oncol. 2023;13:1119915. doi:10.3389/fonc.2023.1119915

31. Yeung AT, Tsou PM. Posterolateral endoscopic excision for lumbar disc herniation: surgical technique, outcome, and complications in 307
consecutive cases. Spine. 2002;27:722—731. doi:10.1097/00007632-200204010-00009

32. Ruetten S, Komp M, Godolias G. A new full-endoscopic technique for the interlaminar operation of lumbar disc herniations using 6-mm
endoscopes: prospective 2-year results of 331 patients. Minim Invasive Neurosurg. 2006;49:80-87. doi:10.1055/s-2006-932172

33. Ruetten S, Komp M, Merk H, Godolias G. Use of newly developed instruments and endoscopes: full-endoscopic resection of lumbar disc
herniations via the interlaminar and lateral transforaminal approach. J Neurosurg Spine. 2007;6:521-530. doi:10.3171/spi.2007.6.6.2

34. Ruetten S, Komp M, Merk H, Godolias G. Full-endoscopic interlaminar and transforaminal lumbar discectomy versus conventional microsurgical
technique: a prospective, randomized, controlled study. Spine. 2008;33:931-939. doi:10.1097/BRS.0b013e31816c8at7

35. Choi G, Lee S-H, Lokhande P, et al. Percutaneous endoscopic approach for highly migrated intracanal disc herniations by foraminoplastic technique
using rigid working channel endoscope. Spine. 2008;33:E508-515. doi:10.1097/BRS.0b013e31817bfala

36. Hoogland T, Schubert M, Miklitz B, Ramirez A. Transforaminal posterolateral endoscopic discectomy with or without the combination of a low-dose
chymopapain: a prospective randomized study in 280 consecutive cases. Spine. 2006;31:E890-897. doi:10.1097/01.brs.0000245955.22358.3a

37. Lee S-H, Kang BU, Ahn Y, et al. Operative failure of percutaneous endoscopic lumbar discectomy: a radiologic analysis of 55 cases. Spine.
2006;31:E285-290.

38. Mayer HM, Brock M. Percutaneous endoscopic discectomy: surgical technique and preliminary results compared to microsurgical discectomy.
J Neurosurg. 1993;78:216-225. doi:10.3171/jns.1993.78.2.0216

39. Ahn Y, Lee S-H, Park W-M, Lee H-Y, Shin S-W, Kang H-Y. Percutaneous endoscopic lumbar discectomy for recurrent disc herniation: surgical
technique, outcome, and prognostic factors of 43 consecutive cases. Spine. 2004;29:E326-332. doi:10.1097/01.brs.0000134591.32462.98

40. Hermantin FU, Peters T, Quartararo L, Kambin P. A prospective, randomized study comparing the results of open discectomy with those of
video-assisted arthroscopic microdiscectomy. J Bone Joint Surg Am. 1999;81:958-965. doi:10.2106/00004623-199907000-00008

41.Sa R, Xu Y, Pan X, et al. A bibliometric analysis of research progress on pharmacovigilance and cancer from 2002 to 2021. Front Oncol.
2023;13:1078254. doi:10.3389/fonc.2023.1078254

42. Xu X, LiY, Shi S, et al. The application of angiotensin receptor neprilysin inhibitor in cardiovascular diseases: a bibliometric review from 2000 to
2022. Front Cardiovasc Med. 2022;9:899235. doi:10.3389/fcvm.2022.899235

43. Wu H, Cheng K, Tong L, Wang Y, Yang W, Sun Z. Knowledge structure and emerging trends on osteonecrosis of the femoral head: a bibliometric
and visualized study. J Orthop Surg Res. 2022;17:194. doi:10.1186/s13018-022-03068-7

44. Wang Y, Zhang S, Zhi J, Huang M, Pei F. A bibliometric analysis: current status and frontier trends of Schwann cells in neurosciences. Front Mol
Neurosci. 2022;15:1087550. doi:10.3389/famol.2022.1087550

45. Zhang T, Zhang B, Tian W, et al. A bibliometric analysis of atrophic gastritis from 2011 to 2021. Front Med. 2022;9:843395. doi:10.3389/
fmed.2022.843395

46. Li W, Weng L, Xiang Q, Fan T. Trends in research on traditional Chinese health exercises for improving cognitive function: a bibliometric analysis
of the literature from 2001 to 2020. Front Public Health. 2021;9:794836. doi:10.3389/fpubh.2021.794836

47. Cheng K, Guo Q, Yang W, Wang Y, Sun Z, Wu H. Mapping knowledge landscapes and emerging trends of the links between bone metabolism and
diabetes mellitus: a bibliometric analysis from 2000 to 2021. Front Public Health. 2022;10:918483. doi:10.3389/fpubh.2022.918483

48. Ai Y, Xing Y, Yan L, et al. Atrial fibrillation and depression: a bibliometric analysis from 2001 to 2021. Front Cardiovasc Med. 2022;9:775329.
doi:10.3389/fcvm.2022.775329

49. Wang J, Cao B, Lin S, et al. A bibliometric analysis of urologic chronic pelvic pain syndrome from 2000 to 2022. J Pain Res. 2023;16:1225-1241.
doi:10.2147/JPR.S396009

50. Xiong J-Q, Fu Y-F, Qiu J-H, Liao W-D, Luo L-Y, Chen S-H. Global research trends of immunotherapy and biotherapy for inflammatory bowel
disease: a bibliometric analysis from 2002 to 2021. Biomed Eng Online. 2022;21:42. doi:10.1186/s12938-022-01011-9

51. Liu X, Yuan S, Tian Y, et al. Comparison of percutaneous endoscopic transforaminal discectomy, microendoscopic discectomy, and microdiscect-
omy for symptomatic lumbar disc herniation: minimum 2-year follow-up results. J Neurosurg Spine. 2018;28:317-325. doi:10.3171/2017.6.
SPINE172

52. Chen Z, Zhang L, Dong J, et al. Percutaneous transforaminal endoscopic discectomy compared with microendoscopic discectomy for lumbar disc
herniation: 1-year results of an ongoing randomized controlled trial. J Neurosurg Spine. 2018;28:300-310. doi:10.3171/2017.7.SPINE161434

53. Kim HS, Paudel B, Jang JS, Lee K, Oh SH, Jang IT. Percutaneous endoscopic lumbar discectomy for all types of Lumbar Disc Herniations (LDH)
including severely difficult and extremely difficult LDH cases. Pain Physician. 2018;21:E401-E408.

54. Ruan W, Feng F, Liu Z, Xie J, Cai L, Ping A. Comparison of percutaneous endoscopic lumbar discectomy versus open lumbar microdiscectomy for
lumbar disc herniation: a meta-analysis. /nt j Surg. 2016;31:86-92. doi:10.1016/j.ijsu.2016.05.061

55. Sairyo K, Chikawa T, Nagamachi A. State-of-the-art transforaminal percutaneous endoscopic lumbar surgery under local anesthesia: discectomy,
foraminoplasty, and ventral facetectomy. J Orthop Sci. 2018;23:229-236. doi:10.1016/j.jos.2017.10.015

56.Kim M, Lee S, Kim H-S, Park S, Shim S-Y, Lim D-J. A comparison of percutaneous endoscopic lumbar discectomy and open lumbar
microdiscectomy for lumbar disc herniation in the Korean: a meta-analysis. Biomed Res Int. 2018;2018:9073460. doi:10.1155/2018/9073460

57. Ahn Y. Endoscopic spine discectomy: indications and outcomes. Int Orthop. 2019;43:909-916. doi:10.1007/s00264-018-04283-w

58. Gibson JNA, Subramanian AS, Scott CEH. A randomised controlled trial of transforaminal endoscopic discectomy vs microdiscectomy. Eur Spine
J. 2017;26:847-856. doi:10.1007/s00586-016-4885-6

59. Pfirrmann CW, Metzdorf A, Zanetti M, Hodler J, Boos N. Magnetic resonance classification of lumbar intervertebral disc degeneration. Spine.
2001;26:1873-1878. doi:10.1097/00007632-200109010-00011

60. Yin S, Du H, Yang W, Duan C, Feng C, Tao H. Prevalence of recurrent herniation following percutaneous endoscopic lumbar discectomy: a
meta-analysis. Pain Physician. 2018;21:337-350.

Journal of Pain Research 2024:17 https: 2189

Dove:


https://doi.org/10.3389/fphar.2022.1003228
https://doi.org/10.3389/fonc.2023.1119915
https://doi.org/10.1097/00007632-200204010-00009
https://doi.org/10.1055/s-2006-932172
https://doi.org/10.3171/spi.2007.6.6.2
https://doi.org/10.1097/BRS.0b013e31816c8af7
https://doi.org/10.1097/BRS.0b013e31817bfa1a
https://doi.org/10.1097/01.brs.0000245955.22358.3a
https://doi.org/10.3171/jns.1993.78.2.0216
https://doi.org/10.1097/01.brs.0000134591.32462.98
https://doi.org/10.2106/00004623-199907000-00008
https://doi.org/10.3389/fonc.2023.1078254
https://doi.org/10.3389/fcvm.2022.899235
https://doi.org/10.1186/s13018-022-03068-7
https://doi.org/10.3389/fnmol.2022.1087550
https://doi.org/10.3389/fmed.2022.843395
https://doi.org/10.3389/fmed.2022.843395
https://doi.org/10.3389/fpubh.2021.794836
https://doi.org/10.3389/fpubh.2022.918483
https://doi.org/10.3389/fcvm.2022.775329
https://doi.org/10.2147/JPR.S396009
https://doi.org/10.1186/s12938-022-01011-9
https://doi.org/10.3171/2017.6.SPINE172
https://doi.org/10.3171/2017.6.SPINE172
https://doi.org/10.3171/2017.7.SPINE161434
https://doi.org/10.1016/j.ijsu.2016.05.061
https://doi.org/10.1016/j.jos.2017.10.015
https://doi.org/10.1155/2018/9073460
https://doi.org/10.1007/s00264-018-04283-w
https://doi.org/10.1007/s00586-016-4885-6
https://doi.org/10.1097/00007632-200109010-00011
https://www.dovepress.com
https://www.dovepress.com

Zhong et al Dove

61.

62.

63.

64.

65.

66.

67.

68.

Chen J, Jing X, Li C, Jiang Y, Cheng S, Ma J. Percutaneous endoscopic lumbar discectomy for L5S1 lumbar disc herniation using a transforaminal
approach versus an interlaminar approach: a systematic review and meta-analysis. World Neurosurg. 2018;116:412-420.¢2. doi:10.1016/].
wneu.2018.05.075

Xiao L, Huo X, Wang Y, et al. A bibliometric analysis of global research status and trends in neuromodulation techniques in the treatment of autism
spectrum disorder. BMC Psychiatry. 2023;23:183. doi:10.1186/s12888-023-04666-3

Liu S, Cui X, Xia K, et al. A bibliometric analysis of pulmonary alveolar proteinosis from 2001 to 2021. Front Med. 2022;9:846480. doi:10.3389/
fmed.2022.846480

Wu M, Wang Y, Yan C, Zhao Y. Study on subclinical hypothyroidism in pregnancy: a bibliometric analysis via citeSpace. J Matern Fetal Neonatal
Med. 2022;35:556-567. doi:10.1080/14767058.2020.1729731

YY,WL,JL, XL, YF, X M. Bibliometric review to explore emerging high-intensity interval training in health promotion: a new century picture.
Front Public Health. 2021;9. doi:10.3389/fpubh.2021.697633

Dong S, Mei F, Li JJ, Xing D. Global cluster analysis and network visualization in prosthetic joint infection: a scientometric mapping. Orthop Surg.
2023;15:1165-1178. doi:10.1111/0s.13681

Li J, Gong X. Bibliometric and visualization analysis of kidney repair associated with acute kidney injury from 2002 to 2022. Front Pharmacol.
2023;14:1101036. doi:10.3389/fphar.2023.1101036

Li M, Jiang Z, Wen R, Liu C, Wang J. A bibliometric analysis of the application of imaging in sleep in neurodegenerative disease. Front Aging
Neurosci. 2023;15:1078807. doi:10.3389/fnagi.2023.1078807

Journal of Pain Research Dove

Publish your work in this journal

The Journal of Pain Research is an international, peer reviewed, open access, online journal that welcomes laboratory and clinical findings in the
fields of pain research and the prevention and management of pain. Original research, reviews, symposium reports, hypothesis formation and
commentaries are all considered for publication. The manuscript management system is completely online and includes a very quick and fair
peer-review system, which is all easy to use. Visit http:/www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-pain-research-journal

2190 v in g Do Journal of Pain Research 2024:17


https://doi.org/10.1016/j.wneu.2018.05.075
https://doi.org/10.1016/j.wneu.2018.05.075
https://doi.org/10.1186/s12888-023-04666-3
https://doi.org/10.3389/fmed.2022.846480
https://doi.org/10.3389/fmed.2022.846480
https://doi.org/10.1080/14767058.2020.1729731
https://doi.org/10.3389/fpubh.2021.697633
https://doi.org/10.1111/os.13681
https://doi.org/10.3389/fphar.2023.1101036
https://doi.org/10.3389/fnagi.2023.1078807
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Data Source and Retrieval Strategy
	Bibliometric Analysis

	Results and Discussion
	Analysis of Annual Publications and Citations
	Analysis of Countries/Regions
	Analysis of Institutions
	Analysis of Authors
	Analysis of Journals
	Analysis of Subject Categories
	Analysis of Highly Cited References
	Analysis of References Burst
	Analysis of Keywords

	Strengths and Limitations
	Conclusion
	Data Sharing Statement
	Funding
	Disclosure

