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Abstract
The study aimed to make a bibliometric analysis of the current research situation in unilateral biportal endoscopy/biportal
endoscopic spinal surgery (UBE/BESS). Research data sets were acquired from the Web of Science database. The study
chosed “biportal endoscopic spinal surgery” OR “two portal endoscopic spinal surgery” OR “percutaneous biportal endo-
scopic decompression” OR “unilateral biportal endoscopy” OR “irrigation endoscopic discectomy” as the search terms. The
literature search was limited to articles published before March 5, 2021. We only included original articles and reviews. VOS
viewer and Citespace software were used to analyze the data and generate visualization knowledge maps. Annual trend of
publications, distribution, H-index status, co-authorship status, and research hotspots were analyzed. A total of 74 publica-
tions met the requirement. The sum number of citations was 31,204, in which 19,336 were no self-citations. The average
citation of all the papers was 21.84 times. The H-index of all the publications was 85. South Korea’s total number of articles
was far higher than that of other countries and regions (61, 82.4%), followed by United Arab Emirates, Egypt, and Peoples
Republic of China (three, ranking second, accounting for 12.2% of the total). For the most productive authors, Choi ranked
first with 21 articles, Kim ranked second with 16 articles, and Heo ranked third with 12 articles. The journal with the
greatest number of publications was World Neurosurgery, with a total of 18 (39.1%) papers. Clinics in Orthopedic Surgery
ranked second with six (13.0%) papers. In third place, there were fix articles published by Asian Spine Journal and
Neurospine, accounting for 21.8% of the total articles. These top three journals accounted for 73.9% of all the papers. Spo-
ndylolisthesis and endoscopic decompression were the research hotspots in recent years. The number of publications has
showed an upward trend with a stable rise in recent years. South Korea is the country with the highest productivity, not only
in quality, but also in quantity. Barun Hosp and Leon Wiltse Mem Hosphave published most articles. Choi is the most pro-
ductive author. World Neurosurgery is the most productive journal. Spondylolisthesis and endoscopic decompression are the
research hotspots in recent years. Indeed, this study provides new insight into the growth and development of UBE/BESS.
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Introduction

With the change of human lifestyle in modern society,
the prevalence of lumbar degenerative diseases has

increased1–3. Degenerative lumbar spinal diseases have
become a common health problem and the most frequent
indication for spinal surgery in individuals over 60 years.
Traditionally, open discectomy and the decompression pro-
cedure have been the most common techniques for lumbar
disc herniation and stenosis (without degenerative instability
and spondylolisthesis). However, when a tubular approach is
used in a microscopic setting, the ability to hand instruments
might be restricted along with the vision. Percutaneous
endoscopic surgery is one of the most common procedures
for LDH and lumbar spinal stenosis. Whether the trans-
foraminal or the interlaminar approach is used, endoscopic
spinal surgery is performed through a single portal involving
light source, irrigation, visualization, and instrumentation.

Despite use of a microscope or full-endoscope, visuali-
zation is restricted and there are also technical difficulties
that may be encountered by surgeons, which are particularly
relevant in severe stenosis or in cases in need of bilateral
decompression. Since the technique of unilateral biportal
endoscopy/ biportal endoscopic spinal surgery (UBE/BESS)
was first proposed and reported by De Antoni in 1996,
adhering to the principle of precision and being minimally
invasive, it could complete central spinal canal decompres-
sion, lateral recess decompression, and interbody bone graft
fusion4–6. UBE/BESS was a new method that combined the
advantages of interlaminar endoscopy and microscopic sur-
gery. The use of the uniportal system was limited because of
the combined channel (viewing and instrumental) that lim-
ited the independent movement of instruments. By contrast,
the UBE/BESS system used independent channels for instru-
ments; thus, movements were not restricted. Furthermore,
instruments for both 30� or 0� arthroscopy for the knees and
shoulders and standard laminectomy were used and addi-
tional devices were no longer needed. Moreover, the endo-
scopic trajectory was the same as that in conventional
operation; thus, an experienced microscopic spine surgeon
could achieve the necessary surgical skills without a steep
learning curve. Under the consistent exploration and
research of Korean scholars, the application of the technique
has been continuously expanded to various spinal-related
diseases and satisfactory clinical results have been achieved.
The new endoscopic technique approach has been applied to
conventional arthroscopic systems for spinal disease.

UBE/BESS can be broadly divided into interlaminar
and transforaminal approaches, both of which are performed
under general anesthesia with the patient in the prone posi-
tion on a radiolucent frame. The basic spine instruments
include a Kerrison punch and a 0� or 30� 4-mm arthroscope.
Bipolar radiofrequency is used for hemostasis and an arthro-
scopic burr and a shaver are used to dissect and remove the
bony and soft tissues. Compared with traditional surgery,
UBE/BESS technology has its obvious advantage of being
minimally invasive, but it also has inherent shortcomings,

including long learning curve and lack of large sample data
to support clinical safety and efficacy7–12.

Bibliometrics is a type of analysis method regarding
both quantity and quality, using mathematics, statistics, phi-
lology, and other professional knowledge and methods to
comprehensively analyze the distribution of research results.
One of the measures employed for this analysis includes cita-
tion frequency, which relates to the number of times the arti-
cle is cited by researchers. Therefore, bibliometric analysis
has been a mature tool to quantify the characteristics and
scholarly impact of a specific field and can be applied vastly
to assess the merits of a specific field and provide great
insights to the growth and development of a subject13,14.

In the past several years, this method has been widely
used in various research areas. Citation analysis is the main
methodology of bibliometric analysis. A citation is that one
article uses another as a reference. The number of citations
is not only an indicator of the impact of an article on the sci-
entific community but also forms the basis of journal impact
factor (IF) generation. Bibliometrics, although not an infalli-
ble technique, could serve as a valuable tool for directing the
allocation of resources by funding agencies and for identify-
ing potential of research areas in a discipline.

Although UBE/BESS has not yet become popular, it
has attracted much interest. However, as far as we know,
there has not been any bibliometric study about the trend of
published articles of UBE/BESS. This research aimed to:
(i) assess the characteristics of national productivity;
(ii) visually present the research framework and overall
knowledge structure; and (iii) provide the status and frontier
trends of UBE/BESS.

Materials and Methods

Search Strategy and Refined Data
The data was collected from the Web of Science (WOS)
database. WOS has a strict evaluation process, so it is a
widely accepted tool for the subsequent bibliometric analysis.
We chose “biportal endoscopic spinal surgery” OR “two por-
tal endoscopic spinal surgery” OR “percutaneous biportal
endoscopic decompression” OR “unilateral biportal endos-
copy” OR “irrigation endoscopic discectomy” as the search
terms. The literature search was limited to articles published
before March 5, 2021. We only included original articles and
reviews, while excluding basic research articles, editorial
material, letters, and corrections. Two independent
researchers were asked to review and evaluate the cited arti-
cles to guarantee the accuracy of the research. All different
points were discussed until we reached agreements.

Data Analysis
The collected data was imported into the Microsoft Excel
2017. It was analyzed for the annual trends of publications,
distribution, citation, H-Index status, co-authorship status,
research hotspots, and co-citation status of the published
paper in terms of quantity and quality. We used SPSS 20.0
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to perform the statistical analyses and the statistical signifi-
cance was considered at p < 0.05. We also used VOS viewer
and Citespace software to create visualized pictures by the
statistical results mentioned above.

Results

Current Status and Annual Trend of Study
We finally collected 74 articles from the WOS according to
the inclusion criteria, including nine reviews and 65 original
articles. Figure 1A showed the selection flow chart. The
number of citations was 31,204, in which 19,336 were no
self-citations. The average citation of all the papers was 21.84
times. The H-index of all the publications was 85.

Figure 1B showed the annual trends of publication
numbers. In general, the total number of articles published
about UBE/BESS technology was not large but tended to
increase in a straight line since 2007 (one article), except that
the number of papers published in 2017 decreased slightly
(four articles). The number of published papers reached the
highest level by 2020, and the total number of published
papers reached 20. The results indicated that scientific
researchers paid more attention to the field of UBE/BESS.

The Distribution and Co-Authorship Analysis of
Countries
From the picture, we can see that a total of 13 countries or
regions paid attention to the research of UBE/BESS. There are
eight countries with a total volume of more than one article.
South Korea’s total number of articles was far higher than that
of other countries and regions (61, 82.4%), followed by the
United Arab Emirates, Egypt, and the Peoples Republic of
China (three, ranking second, accounting for 12.2% of the
total). Thailand, Singapore, Mexico, and Japan posted two arti-
cles, ranking third, accounting for 10.9% of the total. The
number of citations could reflect the quality of a paper.

H-index is a reliable and authentic parameter for aca-
demic evaluation of core scientists. Because the largest number
of documents is published in Korea, the number of citations
was also the highest, which is also more than the sum of other
regions (594). In addition, the number of citations of Egypt
ranked second (48), followed by Thailand (29). South Korea
rank first in H index (13), followed by United Arab Emirates
(two), Egypt (two), and Thailand (two). Peoples Republic of

China (one), Singapore (one), Mexico (one), USA (one), and
Indonesia (one) ranked third. The results showed that
South Korea was the country with the most published literature,
not only in quantity, but also in quality. It could be concluded
that South Korea had very in-depth research in the field of
UBE/BESS technology compared with other countries and
regions. Citespace viewer software was employed to analyze the
network visualization of co-authorship relationship. Among the
13 countries’ studies about UBE/BESS, South Korea was the
research center and maintained close cooperation with the Peo-
ples Republic of China, Thailand, Singapore, Mexico, and
United Arab Emirates. However, the cooperation between other
countries was relatively weak (Figure 2).

Distribution and Co-Authorship Analysis of Institutions
A total of 10 institutions contributed to the research on
UBE/BESS (Figure 3A). The number of articles published by
all institutions was more than three. Both Barun Hospital and
Leon Wiltse Mem Hospital ranked the first (12), followed by
Himnaera Hospital, which ranked second, and Chungnam
Natational University which ranked third. The H-index of
cited time of Barun Hospital ranked first (nine), followed by
Leon Wiltse Memorial Hosp (eight). Himnaera Hospital, Chu-
ngnam National University, and Andong Hospital ranked third
(five). However, Leon Wiltse Memorial Hospital ranked the
first in sum of times cited (19.2), followed by Barun Hospi-
tal (16.6) and Andong Hospital (5.1). Only institutes with a
minimum of two articles were included in co-authorship
analysis. Twenty-seven institutes met the threshold and
were selected for analysis. It showed that Leon Wiltse
Memorial Hospital, Chungnam National University and
Hallym University had closely collaborated with their affili-
ated hospitals and research centers. But generally speaking,
the cooperative relationship among different agencies were
relatively close (Figure 3B).

The Distribution and Co-Authorship Analysis of Authors
A total of 11 authors published in the field of UBE/BESS tech-
nology research were retrieved, and the top five authors publi-
shed more than five articles (Figure 4A). Choi DJ ranked the
first with 21 articles, Kim JE ranked the second with 16 articles,
and Heo DH ranked the third with 12 articles. The cited time
of Choi DJ ranked the first (21.6), and his H index also ranked
the first. The cited time of Park CK ranked the second (17.7),

A BFigure 1 (A) Flow chart; (B) The

annual trends of publications
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followed by Heo DH (17.5). The H-index of Kim JE’s H index
ranked the second of all the authors (16), followed by Heo DH
(six) and Park CK (six). Only authors who published a mini-
mum of three articles were included. Thirty authors met the
threshold and were selected for analysis. It showed that authors
in the same country had relatively close collaboration. Never-
theless, the cooperation among authors from different coun-
tries was weak (Figure 4B).

Distribution and Co-Authorship Analysis of Published
Journals
All publications were published in eight journals which were
shown in Figure 5A. The journal with the greatest number of
publications was World Neurosurgery with a total of
18 (39.1%) papers. Clinics in Orthopedic Surgery ranked the
second with six (13.0%) papers. In third place, there were five
articles published by Asian Spine Journal and Neurospine,

Figure 2 The country co-authorship

network of publications

A B

Figure 3 (A) The publication number, H-index, and cited times of the top 10 institutes; (B) The institute co-authorship network of publications
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accounting for 21.8% of the total. These top three journals
accounted for 73.9% of all the papers. Only 12 (26.1%)
journals published more than three papers. In terms of the H-
index, both World Neurosurgery and Clinics in Orthopedic Sur-
gery ranked first (six), followed by (19) Asian Spine Journal.
World Neurosurgery (11.90) ranked first on the cited times as
well, followed by Clinics in Orthopedic Surgery (8.20) and
Asian Spine Journal (8.00). Figure 5B showed the co-
authorship relationship of journals. All of the included
journals, Spine, Neurosurgeryspine, and Eurospine were in the
center of research. In general, cooperation between journals

was relatively strong. Table 1 shows the top 10 cited articles in
terms of title, journal, authors, years, and citation num-
bers10,20,26,32–38. The first literature was cited 35 times, and the
least cited 12 times. Among the top 10 citations, the published
magazines were scattered, and only two articles were published
in Neurosurgeryspine.

The Keyword Analysis of Research Hotspots
We imported the data of keywords into VOS viewer to create
visualized pictures of keyword co-occurrence, which could
reflect the research hotspots effectively. Figure 6 showed the

A B

Figure 4 (A) The publication number, H-index, and cited times of the top 10 authors; (B) The authors co-authorship network of publications

A B

Figure 5 (A) The publication number, H-index, and cited times of the top 10 journals; (B) The journals co-authorship network of publications
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Table 1 Top 10 cited articles in the field of UBE/BESS

Rank Title Journal Authors Years Freq

1 Biportal Endoscopic Lumbar Decompression for Lumbar Disk Herniation and Spinal
Canal Stenosis: A Technical Note.

J NEUROSURG-SPINE EUM JH 2016 35

2 Fully endoscopic lumbar interbody fusion using a percutaneous unilateral biportal
endoscopic technique: technical note and preliminary clinical results.

NEUROSURG FOCUS HEO DH 2017 22

3 Learning Curve Associated with Complications in Biportal Endoscopic Spinal Surgery:
Challenges and Strategies.

ACTA NEUROCHIR CHOI CM 2016 21

4 Biportal Endoscopic Spinal Surgery for Recurrent Lumbar Disc Herniations. CLIN ORTHOP SURG CHOI DJ 2016 19
5 Can Percutaneous Biportal Endoscopic Surgery Achieve Enough Canal Decompression

for Degenerative Lumbar Stenosis? Prospective Case–Control Study.
WORLD NEUROSURG HEO DH 2018 14

6 Irrigation endoscopic decompressive laminotomy. A new endoscopic approach for
spinal stenosis decompression.

SPINE J SOLIMAN HM 2015 13

7 Indirect foraminal decompression after anterior lumbar interbody fusion: a prospective
radiographic study using a new pedicle-to-pedicle technique.

J NEUROSURG-SPINE MOBBS RJ 2014 13

8 Growth of Asymptomatic Intracranial Fusiform Aneurysms: Incidence and Risk Factors. CLIN ORTHOP SURG KIM JE 2018 12
9 Two Portal Percutaneous Endoscopic Decompression for Lumbar Spinal Stenosis:

Preliminary Study.
ASIAN SPINE J TORUDOM Y 2016 12

10 Bilateral spinal decompression of lumbar central stenosis with the full-endoscopic
interlaminar versus microsurgical laminotomy technique: a prospective,
randomized, controlled study.

PAIN PHYSICIAN KOMP M 2015 12

Figure 6 (A) Keywords co-occurrence network of publications; (B) Keywords density visualization map of publications

Table 2 Top 15 keywords with the strongest citation bursts

Keywords Strength Begin End 2007–2020

Transcallosal microsurgery 0.6609 2007 2012
Biportal 0.7817 2007 2017
Neuroendoscopy 0.6609 2007 2012
Rigid endoscope 0.6609 2007 2012
Surgical consideration 0.6609 2007 2012
Transventricular approach 0.6609 2007 2012
Neuronavigation 0.6609 2007 2012
Percutaneous discectomy 0.6824 2008 2014
Endoscopic discectomy 0.6824 2008 2014
Lumbar discectomy 0.6824 2008 2014
Minimally invasive spine surgery 0.6824 2008 2014
Spondylolisthesis 0.6993 2016 2017
Endoscopic decompression 0.6865 2016 2018
Lumbosacral region 1.0329 2016 2018
Minimally invasive surgery 1.0341 2017 2020
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keywords and research focuses related to UBE/BESS. The
bigger nodes and darker color showed a larger weight of the
keyword. Forty-two keywords formed a relatively scattered
cluster. But after combing, they could be divided into three
categories: one was the indication for UBE/BESS technology,
including spinal canal stenosis and degeneration; the second
was for the technology itself, focusing on its minimally inva-
sive quality; and the third was to pay attention to the devel-
opment of UBE/BESS technology.

Table 2 showed 10 meaningful keywords with the largest
number of citations. The red and blue bars respectively pres-
ented the frequently and infrequently cited keywords. Figure 7
showed the keywords timeline view of publications, which
presented the research frontiers. From a minimally invasive
point of view, the research on the indications of UBE/BESS
technology increasingly became the focus of research, including
spondylolisthesis and endoscopic decompression.

Discussion

Characteristics of National Productivity of UBE/BESS
There has been consistent development of minimally inva-
sive technology in the past decades. In order to clarify the
important role of UBE/BESS technology in the treatment of
spinal surgical diseases and to promote the development of
medicine, we made a quantitative analysis and description of
the published literature by using the method of bibliometrics

in the paper and analyzed each article on the basis of a com-
prehensive search of UBE/BESS. By the method of
bibliometrics, this paper made statistics, induction, collation
and analysis of the time distribution, regional distribution,
periodical distribution, institution, author, and research type.
In our study, we drew the knowledge graph, systematically
combed the current research situation in the field of
UBE/BESS technology, and analyzed the academic develop-
ment trend.

Since the start of UBE/BESS technology, the overall
number of published studies had shown a steady growth
trend, which indicated that UBE/BESS technology research
had entered a stage of rapid development and maintained a
high degree of heat. As a new surgical technique, UBE/BESS
had a short history and less published literature7,15–18. Litera-
ture research showed that only 13 countries and regions had
paid attention to it. In addition, 82.4% of the literature publi-
shed came from South Korea, and other leading countries
included China, Egypt, and so on.

The number of citations could reflect the quality of the
literature, and H index was the most reliable and true
parameter for academic evaluation of core scientists. Data
research showed that South Korea had the most academic
contribution in the field of UBE/BESS, as both the total
number of published literature and H index were the highest.
South Korea occupied a dominant position in the field of
UBE/BESS technology research and led the direction of

Figure 7 The keywords timeline view of publications
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scientific research. For the other countries and regions, they
should continue to increase financial investment, accelerate
the improvement of scientific research, and shorten the gap
in medical research with other countries and regions.

Research Framework and Overall Knowledge Structure
of UBE/BESS
Regarding the research on UBE/BESS technology, the num-
ber of studies published by Barun Hospital and Leon Wiltse
Memorial Hospital was twice as much as that of other
research institutions. Both scholars were from South Korea,
their H index ranked first and second, respectively, and their
sum of times cited was also in the top two positions, which
was enough to prove the advanced UBE/BESS technology in
South Korea. The center of UBE/BESS technology research in
the world was in South Korea. Only by constantly strengthen-
ing medical exchanges with South Korea could we go further
and further on the development of UBE/BESS technology
research. Choi DJ, who had high academic influence, ranked
first in the number of articles and focused on the exploration
of UBE/BESS technology in South Korea19–24.

We paid full attention to the advantages of bibliometrics,
the degree of communication and cooperation among
researchers through co-authored research, to know clearly the
direction of research and development. The data showed that
the technical cooperation of UBE/BESS was relatively scattered,
the technology popularization rate was low, and there was a
large gap in the technological level of different countries.
Korean scholars continued to develop UBE/BESS technology,
covering lumbar, cervical, and thoracic diseases. Therefore, it
was urgent to strengthen academic exchanges and cooperation
among countries, regions, and institutions, and further formed
an academic cooperation atmosphere in order to promote the
steady development of scientific research16,21,22,25–27.

Research Status and Frontier Trends of UBE/BESS
It was a good choice for most spinal surgeons to solve the pain
and alleviate the disease by traditional surgery. However, as the
minimally invasive concept of spinal surgery gained popularity,
how to reduce the negative impact of traditional open surgery and
achieve the accuracy of surgery also become the focus of clinical
research. Due to the iatrogenic destruction of the posterior struc-
ture of the spine, traditional surgery may lead to postoperative
pain, muscle atrophy, iatrogenic spinal instability, adjacent seg-
mental degeneration, and perioperative blood loss. Therefore
UBE/BESS technology was based on the concept of being mini-
mally invasive. Endoscopic treatments focused on reducing the
negative effects on muscles, ligaments, and other anatomical struc-
tures. It could reduce intraoperative trauma, the amount of bleed-
ing, and shorten the recovery period after operation12,18,26–31.

With the expansion of the concept of of being mini-
mally invasive, the consistent research, development of mini-
mally invasive devices, and the accumulation of clinical
experience, the clinical application of UBE/BESS technology
would become more and more extensive, the curative effect

would be better, and learning curve would be much flatter;
therefore, it would have a bright future32–34. It not only
relieved the pain of patients, but also could provide new treat-
ment ideas and directions for medical practitioners. However,
UBE/BESS required high surgical techniques, rich spatial
imagination, and proficiency in percutaneous puncture35–38.
At present, high-quality studies were mainly focused on the
treatment of lumbar spinal stenosis compared with micro-
scope, and there was a lack of a high-quality clinical compara-
tive study of single-channel endoscopy surgeries. In a word,
no matter which kind of surgical methods are used to treat
surgical diseases, clinicians should closely combine their own
surgical skills with the characteristics of the disease and obtain
the best clinical effect through minimum injury.

Strengths and Limitations
In this study, we made a qualitative and quantitative analysis of
the literature in the field of UBE/BESS by bibliometrics analysis
and visualization tools. In order to ensure the objectivity and
comprehensiveness of the research, we conducted a systematic
literature search on WOS, collected convincing data of many
aspects to obtain a high degree of recognition. However, there
are still some limitations to this study. First, the data analysis of
bibliometrics only includes the published literature in WOS
database, not the unpublished and non-English literature. Sec-
ondly, bibliometrics data change with the passage of time
because the selected publication period is from 1990 to 2020,
and some recently published high-quality literature may not be
cited frequently because of the short time of publication, which
may lead to some differences between the research results and
the real situation. Thirdly, all citations are included in the study
without quality screening, whether because of its positive contri-
bution or because of its negative impact or poor quality.

Conclusions

This study provided a global overview of literature,
researchers, research institutions, and research interests

on UBE/BESS. The number of published studies showed an
upward trend overall; South Korea was the leader in this field
and has the greatest influence. Buran Hospital and Leon
Wiltse Mem Hospital made the greatest contribution in this
field. Spondylolisthesis and endoscopic decompression were
the research hotspots in recent years. Through this study, it
has been made clear that the research activities of UBE/BESS
in the world have provided a new direction for the develop-
ment of scientific research.
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