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Spinal stenosis is a common disease affecting the elderly that is present in a
various forms. Its high incidence forces researchers to pay more attention and offer
countermeasures. We used the Web of Science Core collection and PubMed database
to obtain 5,606 scientific studies concerning spinal stenosis, and the number of
publications maintained a roughly increasing trend from 108 in 2000 to 512 in 2018,
only declining in 2011. Bibliometric analysis was conducted using the online analysis
software CiteSpace and Bibliographic Iltem Co-Occurrence Matrix Builder (BICOMB).
The United States maintains academic leadership in this field. The journal SPINE was
the most authoritative, with 695 articles and an average of 12.73 citations. The exported
major MeSH terms were further biclustered with gCLUTO according to co-word analysis
to reveal research hotspots, including etiology, pathogenesis, clinical manifestation,
conservative treatment, operative indication, internal implantation, and postoperative
complications. After combination, the main topics focused on pathogenesis and surgical
treatment. Narrowing causes flavum ligamentum hypertrophy, and posterior longitudinal
ligament ossification is widely accepted. Additionally, minimally invasive surgery and
internal implantation fixation are more valid in the clinic. Refining pathological classification
and optimizing surgical methods and instrument properties will be important future
research directions for spinal stenosis.

Keywords: research hotspots, publication trends, spinal stenosis, bibliometric analysis, MeSH terms

INTRODUCTION

Spinal stenosis involves pathological symptoms, such as narrowing of the spinal canal and
shortening of the canal diameters, compression of the spinal cord, and the presence of
neurological disturbance. According to the vertebral segments, narrowing occurs commonly
in the cervical and lumbar spine and rarely has a thoracic appearance. An increasing risk of
limb dysfunction and urinary and fecal incontinence exists in elderly individuals with spinal
stenosis. By dissecting the anatomical structure of the spinal canal, bone hyperplasia and
fibrous tissue adaptation are the main risks of spinal stenosis (1, 2). Additionally, the local
inflammatory microenvironment, calcium maladjustment, and microbial infection contribute to
disease development (3). Measurement of the canal diameter, observation of symptoms, and
auxiliary examination with radiologic technology is the gold standard for a definite diagnosis
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and is widely adopted in the clinic. Once diagnosed, treatment
varies according to the narrowing degree and clinical
manifestation. Mild stenosis is usually asymptomatic and
difficult to detect. No intervention is available that does not
affect the normal life quality of life. Non-operation therapy is the
first choice, including functional exercise, massage, and traction.
The application of drugs, blockade, and acupuncture remains
relatively controversial. However, if nervous compression
manifestations, such as pain, numbness, and dysfunction of
physical activity, have seriously affected severe stenosis patients
(4), the treatment process is usually complicated, particularly in
elderly individuals with vascular and neurological claudication.
Clinical studies have shown that, among patients with lumbar
spinal stenosis, with or without degenerative spondylolisthesis,
decompression surgery plus fusion surgery did not result in
better clinical outcomes at 2 and 5 years than decompression
surgery alone (5). However, posterolateral instrumented
fusion showed a greater improvement in the quality of life
than decompression alone in another comparison (6). As
discussed above, controversies exist regarding surgical choice
and postoperative efficacy. Thus, the field of spinal stenosis
warrants further exploration.

Bibliometrics, a cross-science of quantitative analysis of all
knowledge carriers using mathematical and statistical methods,
evaluates scientific achievements and treatises and predicts
research trends in a particular field. It is a comprehensive
knowledge system that integrates mathematics, statistics, and
bibliography, mainly focusing on quantification. The number
of documents, authors, and vocabularies are the measurement
objects. Thus, an essential feature of bibliometrics is that the
output must be “quantity.” Quantitative research on the literature
can be traced back to the beginning of the 20th century. In
1969, Alan Pritchard named this quantitative analysis method
“bibliometrics.” Recently, an increasing number of studies have
assessed the contribution and trends of publications in various
areas. Yao et al. regarded immunosuppression as a hotspot of
sepsis by clustering keywords (7). Ahmad et al. identified the
high-risk factors of Periodontology 2000 by synthesizing the
study results of extensive dental institutions (8). These studies
supported the reliability of bibliometrics in evaluating hotspots
and directing trends of scientific research.

Presently, knowledge updates are constantly accelerating, and
the experience of previous experts is slightly lagging, creating
challenges for medical workers. Bibliometrics can effectively
improve this situation. Before this study, no bibliometric
articles were available on spinal stenosis. We adopted the
biclustering method of bibliometrics to provide a comprehensive
analysis of the current status of spinal stenosis. Our study
aims to uncover hotspots and predict trends based on
bibliometric analysis.

Abbreviations: BICOMB, Bibliographic Item Co-Occurrence Matrix Builder;
MeSH, Medical Subject Headings; WoS, Web of Science Core Collection;
NCBI, National Center for Biotechnology Information; JCR, Journal Citation
Reports; MRI, Magnetic Resonance Imaging; ASIF, anterior subcutaneous internal
fixator; IPD, interspinous process decompression; NSAIDs, Nonsteroidal anti-
inflammatory drugs.

METHODS

Data Source and Collection

All literature was retrieved from the Web of Science Core
Collection (WoS) from January 2000 to December 2018. The
retrieving process was completed in Dec 30, 2019 to reduce
the deviation within a constantly updated database. The key
indexes of our study were “spinal stenosis” and “English” for
language. Five thousand six hundred and six pieces of literature
were collected and the document types included ARTICLE and
REVIEW, improving the comprehensive feature of our research.
Medical subjects Headings (MeSH) terms express the main idea
of a piece of literature, identified for the following co-word
associated analysis (9). For document download, we used the
PubMed database, a biomedical information retrieval system
developed by National Center for Biotechnology Information
(NCBI) that was relatively complete in medicine. It was
convenient to use the MeSH terms directly on PubMed as the
keywords with a higher relevance. Our data obtained from the
Web of Science Core Collection was converted into txt format
first and conducted for quantitative and statistical analysis by
CiteSpace, a “citation space” for visualization and the Online
Analysis Platform of Literature Metrology (http://bibliometric.
com/) for bibliometrics. The downloaded documents were also
converted into txt format and inducted the research generality
and evolutionary trend according to co-word and biclustering
analysis of MeSH terms by Bibliographic Item Co-Occurrence
Matrix Builder (BICOMB) and gCLUTO. It was necessary to
note that three investigators carried out literature screening
independently based on the abstracts, conclusions, or full articles
in our preliminary experiment. The consistency was up to 0.95.
And we discussed the differences and reached the consensus,
which reflected the reliability of our data retrieval.

Data Analysis
We divided the analysis process into three parts: content
association, high-frequency MeSH terms filtering, and scientific
direction prediction.

Citespace is an excellent bibliometric software that can reveal
the potential connection between documents visually with the
form of scientific knowledge maps (10). It is developed based
on the WoS data format. Cooperative network analysis, co-
occurrence analysis, and co-citation analysis can be performed
according to the downloaded data. But data from non-WoS
databases need to be converted to the WoS data format first.
And data dimensions of the corresponding database applies to its
corresponding scope. We concatenated the retrieved publications
with the similarity in journals, publication years, countries,
authors, and languages by using Citespace, which helped us select
nodes for different focuses conveniently and precisely.

BICOMB were developed by Cui et al. from Department of
Information Management and Information System (Medical) in
China Medical University (11). Major MeSH terms could be
exported to represent the publication core and rank the occurring
frequency with Microsoft Excel and GoPubMed. The screening
publications were analyzed and checked with a designed model
in XML format to extract the main information in the beginning.
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5874 literatures identified through
WoSCC database searching

[ 5,415 literatures identified ]

459 literatures were excluded
(including meeting abstract, editorial
material, letter, proceedings paper,
correction, news item, book chapter,

retracted publication, reprint)

-
L

268 non-English literatures were excluded ]

5,147 literatures identified (including
4, 651 articles and 496 reviews)

FIGURE 1 | Flow chart of literature filtering involved in this study.
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FIGURE 2 | Quantity of relevant literature. The number of annual publications in spinal stenosis from 2000 to 2018.
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FIGURE 3 | Quantity of relevant literature. The development of the top 10 countries/regions in spinal stenosis from 2000 to 2018.
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The filter of high-frequency MeSH terms was performed in a
binary matrix after preliminary interception through a particular
threshold. And the latent biomedical principle could be excavated
with association and clustering analysis in terms of the results
from a binary matrix. Then both the major MeSH terms and their
networks were conducted for visualization in graph.

gCLUTO were utilized to carry out biclustering analysis
of the major MeSH terms from BICOMB. There are four
cluster mothed in gCLUTO—Repeated Bisection, Direct,
Agglomerative, and Graph—among which we selected Repeated
Bisection with the highest preciseness. And the classified
results of these terms would be extracted in two forms: matrix
visualization and mountain visualization (12). In matrix
visualization, colors represented values in the raw data matrix.
White equaled the central value “zero,” positive values increased
with red deepening, and negative values were depicted with
green. Rows of matrix held columns with the same class.
Mountain visualization could make accurate predictions with
multidimensional scaling. Peak number reflected the clustering
number in matrix. Mountain shape provided a rough estimate
of data distribution in each cluster. The peak altitude is
proportional to the similarity and volume is proportional to the
number of containing objects in a cluster. Additionally, the peak

TABLE 1 | The top 10 countries/regions: article counts and centrality of
publications in spinal stenosis research.

Rank Country/region Article counts Centrality index
1 USA 1,803 0.71
2 Japan 711 0.08
3 China 566 0.01
4 South Korea 479 0.01
5 Germany 293 0.23
6 UK 248 0.14
7 Canada 218 0.08
8 Switzerland 173 0.04
9 Turkey 169 0.01
10 Italy 131 0.01

color is related to the standard deviation within the cluster: red
for low value and blue for high value. And we measured the
clustering number constantly to reach the optimal visualized
graph to investigate the research hotspots and publication trends
of spinal stenosis.
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FIGURE 4 | Most active countries or regions. The cooperation of countries/regions involved in spinal stenosis research.
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RESULTS

Quantity of Relevant Literature

Regarding literature screening, we set up the keywords as “spinal
stenosis” and “language = English.” Our retrieval period ranged
from January 1, 2000, to December 31, 2018. In total, 5,147
publications were involved in 4,651 articles and 496 reviews
(Figure 1). The number of publications generally increased from

108 in 2000 to 512 in 2018, and only declined in 2011 (Figure 2).
Additionally, the growth rate was also improving.

Distribution Characteristics of Literature
Most Active Countries or Regions

The county or regional distribution of publications in
bibliometric analysis has focused on the hotspots of research
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TABLE 2 | The top 10 institutions for most publications in spinal stenosis research.

Rank Institution Article Total Average Total number Total number Average number Centrality Country
counts number of number of of first of first of first index
citations citations authors author citations author citations
1 Seoul Natl Univ 231 725 3.14 64 259 4.05 0.04 Korea
2 Univ Washington 169 3,408 20.17 33 369 11.18 0.1 us
3 Univ Toronto 155 994 6.41 31 157 5.06 0.12 Canada
4 Harvard Univ 127 3,001 23.63 34 606 17.82 0.15 us
5 Yonsei Univ 97 363 3.74 41 157 3.83 0.03 Korea
6 Kuopio Univ Hosp 95 1,543 16.24 23 194 8.43 Finland
7 Cleveland Clin 88 386 4.39 25 99 3.96 0.02 us
8 Univ Calif San 87 1,344 15.45 35 128 3.66 0.1 us
Francisco
9 Vanderbilt Univ 86 1,815 21.1 32 161 5.03 0.03 us
10 Johns Hopkins Univ 84 194 2.31 34 62 1.82 0.02 us

in spinal stenosis by refining data sources. In our study, we
demonstrated the top ten countries leading in the field of spinal
stenosis according to the publication counts (Figure 3). The
United States was far ahead of other counties with 1,803 studies,
followed by Japan (711), China (566), and South Korea (479).
Notably, the research level in Northeast Asian countries had
gradually increased and surpassed that in Europe over time.
We attributed this phenomenon to economic development.
Additionally, the centrality index also reflected the core influence
to evaluate research value more exactly. The United States
maintained a leading position with 0.71 centrality. All of the
other countries had a lower influence, among which Germany
had the highest centrality at 0.23 (Table 1). The cooperative
network was formed between many countries and the level was
relatively higher in leading countries (Figure 4).

Top Ten Active Institutions

We also demonstrated the top ten institutions for spinal
stenosis research ordered by the publication number. They were
Seoul Natl Univ, Univ Washington, Univ Toronto, Harvard
Univ, Yonsei Univ, Kuopio Univ Hosp, Cleveland Clin, Univ
Calif San Francisco, Vanderbilt Univ, and Johns Hopkins
Univ (Table 2). Among them, more than half were from the
United States, two institutions were from Korea, and only one
belonged to Finland and Canada, respectively, in line with the
distribution characteristics of countries. Seoul Natl Univ (231),
Univ Washington (169), Univ Toronto (155), and Harvard Univ
(127) published more than one hundred articles and their average
citations were 3.14, 20.17, 6.14, and 23.63, respectively. It was
clear to see that the institutions in the United States had relatively
higher average citation and centrality, which determined the
credibility (Table 2). With extensive academic communication
among scholars, it was necessary to develop closer research
collaboration between various institutions for the lower level
(0.015 on density map) (Figure 5).

Distribution Characteristics of Authors and Journals
There were a total of 15,718 authors involved in the field of
spinal stenosis through our retrieval. We paid more attention

FIGURE 5 | Top ten active institutions. The collaborative network of institutions
involved in spinal stenosis research.

to the ten most active authors including Lee SH, Kim H]J,
Manchikanti L, Lee JH, and Konno S in order of published counts
(Table 3). The top three among them were Lee SH, Kim H]J,
and Manchikanti L with the number of 73, 60, and 54. They
came from Pusan National University Yangsan Hospital in Korea,
Seoul National University Bundang Hospital in Korea, and Pain
Management Center of Paducah in America, respectively. It
was noted that they contributed most to the development of
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TABLE 3 | The top 10 most productive authors and co-cited authors contributing to publications in spinal stenosis research.

Rank Author Article Total number First author Corresponding Co-cited Citation Centrality
counts of citations citation counts author author counts index
1 Lee, SH 73 360 37 10 Deyo RA 812 0.18
2 Kim, HJ 60 269 126 3 Katz JN 659 0.1
3 Manchikanti, L 54 1,610 1,520 50 Weinstein JN 630 0.1
4 Lee, JH 46 163 103 16 Atlas SJ 448 0.09
5 Konno, S 45 294 93 3 Boden SD 397 0.08
6 Kikuchi, S 39 317 0 0 Amundsen T 383 0.1
7 Lurie, JD 37 1,290 113 9 Herkowitz HN 347 0.16
8 Weinstein, JN 36 1,431 778 7 Verbiest H 309 0.08
9 Watanabe, K 36 176 61 7 Turner JA 289 0.07
10 Vaccaro, AR 34 234 50 11 Epstein NE 288 0.08

Jo'Np LURIE LUAXM AIAH MANCHIKANTI

JAMES N WEINSTEIN
° °
< ALEXAN:DER RVACCARO ¢

" SANGHO LEE
%

FIGURE 6 | Distribution characteristics of authors. The associated network of productive authors.

the scientific study, though there was not a large gap with  at the same time (Figures6, 7). Deyo RA was the co-cited
other authors, which also showed the research momentum  author with the most co-citation (812). Katz JN (659) and
of spinal stenosis. We drew an associated network based on  Weinstein JN (630), close to each other, ranked second and third.
the integration of cited and co-cited authors by CiteSpace  Additionally, the centrality index of them was 0.18, 0.10, and
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FIGURE 7 | Distribution characteristics of authors. The associated network of
co-cited authors.

0.10 which reflected the credibility and authority of their research
(Table 3).

In total, there were 735 journals involved in this field. SPINE
and EUROPEAN SPINE JOURNAL are the top two journals in
order of article counts and total number of citations which were
695, 8,847, and 426, 2,908, respectively. Both of them were Q2 in
JCR 2018 standards. The other journals in the top ten journals
were shown in Table 4. The average number of citations and the
impact factor were also important indicators for evaluating the
influence of journals. PAIN PHYSICIAN (15.91) was the highest
in terms of the average number of citations, followed by SPINE
(12.73) and JOURNAL OF NEUROSURGERY-SPINE (7.09).
According to the impact factor, JOURNAL OF SPINE JOURNAL
(3.196) was the highest, JOURNAL OF NEUROSURGERY-
SPINE (2.998) ranked second, and PAIN PHYSICIAN (2.942)
ranked third. The number of articles published in these ten
journals accounted for 42.47%. It was obvious that these ten
journals laid a solid foundation for subsequent research on
spinal stenosis.

Research Hotspots of Spinal Stenosis Based on
MeSH Clusters

Through statistical and quantitative analyses of the publications
from January 1, 2000, to December 31, 2018, 3,810 major
MeSH and MeSH subheading terms were identified, with a
total frequency of 23,785 times. After repeatedly proofreading
and balancing, the major MeSH and MeSH subheading terms
with occurrence frequencies of 56 times and above were
regarded as high-frequency terms. Altogether, fifty-seven terms
were high in appearance with a total frequency of 11,754,
accounting for 49.42% (11,754/23,785) (Table 5). The major
MeSH terms/subheading MeSH terms, spinal stenosis/surgery

and lumbar vertebrae/surgery, appeared more than one thousand
or even close to two thousand times, reflecting the predilection
segment of lumbar vertebrae and the treatment method of
surgery. Biclustering helped classify these high-frequency major
MeSH and MeSH subheading terms, convenient to refine the
main topics of spinal stenosis. Thereafter, the results were
visualized in the form of a matrix and mountain graph. The
color was the core property to reflect the raw matrix value
in matrix visualization. The balanced point was white; red
represented a positive value, and green represented a negative
value, both of which expressed a positive correlation. In the
matrix graph, clusters are separated by black horizontal lines,
and each row is an individual category. Thus, seven clusters
were observed in our matrix (Figure 8). The row and column
tags represented the high-frequency major MeSH terms/MeSH
subheading terms and the PMIDs of articles, respectively. When
the matrix was exhibited in the dendrogram, the top and left
layers revealed the association with different indexes. In Figure 8,
the top tree indicates the relationships among articles, and
the left tree indicates the relationships among high-frequency
major MeSH terms/MeSH subheading terms. gCLUTO could
also rearrange the attitude of rows in the initial matrix to
integrate similar rows (Table 6). In our mountain visualization,
seven peaks existed from 0 to 6, revealing seven clusters after
biclustering (Figure 9). In the 3D landform, the properties of
each cluster were visualized by comparing the location, volume,
altitude, and color of the corresponding peaks. The location of
peaks represents the relative similarity among different clusters,
with a higher location for closer clusters. Both the volume and
altitude referred to the internal features in clusters. A greater
volume reflected more objects containing major MeSH and
MeSH subheading terms, and the altitude demonstrated the
internal similarity in direct proportion. Furthermore, the color
of the peak reflected the deviation degree of the dataset, equal to
the standard deviation. Cluster 5 with a relative red peak referred
to alower value and a higher value with the trend of bluing in our
study (Figure 9). Similar to our analysis above, the major MeSH
and MeSH subheading terms were refined into the following
seven clusters:

Effect of medical imaging on the diagnosis of spinal stenosis
(Cluster 0),

Etiology of spinal stenosis with different pathological
symptoms (Cluster 1),

Pathogenesis of spinal stenosis (Cluster 2),

Options of surgical method under particular conditions and
adverse effects (Cluster 3),

Role of instrumentations in rehabilitation of patients
(Cluster 4),

Surgical indications of spinal stenosis (Cluster 5),
Non-operative therapeutic means of spinal
(Cluster 6).

stenosis

DISCUSSION

We have examined previous literature concerning spinal stenosis
using retrieval, characterization, and clustering. The number of
articles published has generally maintained an upward trend with
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TABLE 4 | The top 10 journals contributing to publish articles in spinal stenosis research.

Rank Institution Article Percentage Total number Average number IF Quartile in H-index
counts (N/5,147) of citations of citations (2018)  category (2018)

1 Spine 695 13.50% 8,847 12.78 2.903 Q2 228
2 European Spine Journal 426 8.28% 2,908 6.83 2.513 Q2 117
3 Spine Journal 221 4.29% 1,148 5.19 3.196 Qo0 94
4 Journal of Neurosurgery-Spine 215 4.18% 1,525 7.09 2.998 Q3 84
5 World Neurosurgery 148 2.88% 131 0.89 1.723 Qo 85
6 Journal of Spinal Disorders & Techniques 133 2.58% 936 7.04 0 Q4 85
7 Pain Physician 123 2.39% 1,957 15.91 2.942 Qo0 87
8 Neurosurgery 88 1.71% 557 6.33 4.13 Q3 183
9 BMC Musculoskeletal Disorders 69 1.34% 350 5.07 2.002 Q3 81
10 Journal of Korean Neurosurgical Society 68 1.32% 123 1.81 1.187 Qo0 29

a narrow fluctuation. In 2011, an obvious decline occurred but
the number rose again in the subsequent year. MeSH terms can
reflect the main idea of the literature and the combination with
a mass of accurate MeSH terms can reveal the hotspots and
trends in research fields. Next, based on the statistical analysis
of BICOMB software, “spinal stenosis” has always maintained
the highest occurring frequency, despite declining in individual
years with the main trend of articles. Finally, the software
gCLUTO divided these articles into some clusters according to
the similarity and co-word analysis of MeSH terms. Using the
above process, we can identify the knowledge hierarchy and
research anticipation of spinal stenosis.

Cluster 0 focuses on the effect of medical imaging on the
diagnosis. In the final analysis, spinal stenosis is a pathological
change caused by morphological changes of the spine column.
Fluoroscopy examination is indispensable to determine the site,
severity, and nature of the lesion. To characterize stenosis more
precisely, studies have made detailed classifications according to
different criteria in morphology. Stenosis development is closely
associated with the anatomic variation, including that associated
with vertebrae, soft tissue structure, spinal canal, and segmental
sagittal diameter. Among them, the common choice to classify
is the change in the spinal diameter at different segments and
sections (13). The evolutionary tendency of stenosis, whether
causing neuropathy and requiring surgical intervention or not,
will be speculated according to the numerical standards based
on morphologic change. Additionally, the narrowing degree in
one segment may suggest corresponding changes and developing
trends in other segments (14). Presently, clinicians manually
segment the spinal canal area using CT images and measure
the anteroposterior diameter of the spinal canal to diagnose
whether the patient has spinal stenosis, leading to a workload and
stronger subjectivity. The development of artificial intelligence
contributes to precise mastery of morphologic imaging changes
in disease progression by using deep learning technology in
computer diagnosis.

Cluster 1 focuses on the etiology of spinal stenosis
using different pathological symptoms. Spinal stenosis is only
a generalization of the narrowing of the spinal canal in
morphology. Various symptoms may be secondary to the

physiological structure change and great differences exist in the
causes of these concomitant symptoms. Several neurological
symptoms, such as limb numbness, low back pain, and
claudication, occur in the patients, most often due to the
complication of nerve compression. Cervical stenosis usually
results in limb paresthesia, dexterity dysfunction, imbalance,
and neck pain (15). However, cervical spondylosis relates to
lesion sites, tissue involvement degree, and individual differences
and is classified into radiculopathy, myelopathy, and vertebral
artery types instead of a simple disc-protrusion or slipped disc
(16). Lumbar stenosis always leads to numbness in the lower
limbs, low back pain, and even cauda equina compressive
symptoms. According to the urgency of incidence, different
pathogenic possibilities exist, such as laminar thickening, facet
hyperplasia, and vertebral dislocation. Accurate analysis of the
etiology is an inevitable requirement for further disposition in
all circumstances.

Cluster 2 focuses on the pathogenesis of spinal stenosis
including pathology structures, segments, and sections.
Additionally, these mainly involve the ligamentum flavum and
intervertebral disc, cervical and lumbar spine, and sagittal and
transverse diameters. Morphological changes in the soft tissue
around the spinal canal are the main characteristics of spinal
stenosis. Ligamentum flavum forms the dorsal wall of the spinal
canal, obviously causing narrowness when thickening. Regarding
the reason for thickening, studies have identified the epiligament
in the ligamentum flavum, comprising collagenous fibers, while
enlargement of the epiligament led to more collagenous than
natural elastic fibers and canal tapering. Furthermore, the
ligamentum flavum area has been compared with more sensitive
measurement parameters than the ligament flavum thickness,
playing a more valuable role (17). Close to the ventral wall of
the canal, the herniation of intervertebral disc would narrow
the spinal canal. Similarly, at the ventral wall, ossification of
the posterior longitudinal ligament is also a risk factor. Genetic
mutations causing ectopic osteogenesis of the ligament may
account for the ossification phenomenon (18). Until now,
Pavlov’s ratio, the ratio of the sagittal diameter of spinal canal to
that of the corresponding vertebral body, is a reliable diagnostic
basis of stenosis. However, tissues that are not bone structure
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TABLE 5 | High-frequency major MeSH terms from the involved publications on spinal stenosis (n = 23,785).

Rank Major MeSH terms/ MeSH subheadings Frequency Proportion of frequency (%) Cumulative percentage (%)
1 Spinal stenosis/surgery 1,998 8.4003 8.4003
2 Lumbar vertebrae/surgery 1,182 4.9695 13.3698
3 Spinal stenosis/diagnosis 535 2.2493 15.6191
4 Decompression, surgical/methods 472 1.9844 17.6035
5 Spinal stenosis/complications 397 1.6691 19.2727
6 Spinal fusion/methods 377 1.56850 20.8577
7 Spinal stenosis/diagnostic imaging 361 1.56178 22.3754
8 Lumbar vertebrae 345 1.4505 28.8259
9 Cervical vertebrae/surgery 284 1.1940 25.0200
10 Lumbar vertebrae/pathology 278 1.1688 26.1888
ih Spinal stenosis/etiology 268 1.1268 27.31565
12 Laminectomy/methods 247 1.0385 28.3540
13 Spondylolisthesis/surgery 240 1.0090 29.3630
14 Intervertebral disc displacement/surgery 240 1.0090 30.3721
15 Spinal stenosis/pathology 237 0.9964 31.3685
16 Spinal stenosis/therapy 232 0.9754 32.3439
17 Spinal stenosis/physiopathology 214 0.8997 33.2436
18 Lumbar vertebrae/diagnostic imaging 210 0.8829 34.1266
19 Magnetic resonance Imaging 181 0.7610 34.8875
20 Decompression, Surgical 170 0.7147 35.6023
21 Magnetic resonance imaging/methods 159 0.6685 36.2708
22 Tomography, X-Ray computed 150 0.6306 36.9014
23 Spinal stenosis/drug therapy 138 0.5802 37.4816
24 Spinal fusion/instrumentation 135 0.5676 38.0492
25 Spinal fusion 134 0.5634 38.6126
26 Spinal fusion/adverse effects 127 0.5339 39.1465
27 Spinal cord compression/surgery 125 0.5255 39.6721
28 Laminectomy 120 0.5045 40.1766
29 Decompression, surgical/adverse effects 116 0.4877 40.6643
30 Spinal diseases/surgery 109 0.4583 41.1226
31 Cervical vertebrae/pathology 107 0.4499 41,5724
32 Spinal stenosis/epidemiology 105 0.4415 42.0139
33 Minimally invasive surgical procedures/methods 101 0.4246 42.4385
34 Cervical vertebrae/diagnostic imaging 96 0.4036 42.8421
35 Lumbar vertebrae/physiopathology 94 0.3952 43.2373
36 Cervical vertebrae 86 0.3616 43.5989
37 Postoperative complications/etiology 84 0.3532 43.9521
38 Intervertebral disc degeneration/surgery 80 0.3363 44.2884
39 Spinal stenosis/veterinary 78 0.3279 44.6164
40 Spinal cord compression/etiology 77 0.3237 44,9401
41 Laminectomy/adverse effects 7 0.3237 45.2638
42 Low back pain/surgery 76 0.3195 45.5834
43 Prostheses and implants 72 0.3027 45.8861
44 Thoracic vertebrae/surgery 68 0.2859 46.1720
45 Ligamentum flavum/pathology 66 0.2775 46.4494
46 Intervertebral disc displacement/diagnosis 63 0.2649 46.7143
47 Spinal diseases/diagnosis 62 0.2607 46.9750
48 Spondylosis/surgery 61 0.2565 47.2314
49 Quality of life 61 0.2565 47.4879
50 Spinal stenosis/rehabilitation 59 0.2481 47.7360
(Continued)
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TABLE 5 | Continued

Rank Major MeSH terms/ MeSH subheadings Frequency Proportion of frequency (%) Cumulative percentage (%)
51 Spinal canal/surgery 59 0.2481 47.9840
52 Internal fixators 58 0.2439 48.2279
53 Decompression, surgical/instrumentation 58 0.2439 48.4717
54 Spinal osteophytosis/surgery 57 0.2396 48.7114
55 Spinal canal/pathology 56 0.2354 48.9468
56 Lumbar vertebrae/injuries 56 0.2354 49.1823
57 Low back pain/etiology 56 0.2354 49.4177
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FIGURE 8 | Matrix visualization of biclustering of high-frequency major MeSH terms and PMIDs of articles on spinal stenosis.

TABLE 6 | High-frequency major MeSH a terms-source articles matrix (localized).

No. Major MeSH terms/MeSH subheadings Pubmed Unique Identifiers of source articles
10,024,119 10,025,024 10,025,689 9,988,954

1 Spinal stenosis/surgery 1 1 0 0
2 Lumbar vertebrae/surgery 1 0 0 0
3 Spinal stenosis/diagnosis 0 0 0 0
4 Decompression, surgical/methods 0 0 0 0
56 Lumbar vertebrae/injuries 0 0 0 0
57 Low back pain/etiology 0 0

shown on X ray are less studied. Magnetic Resonance Imaging
(MRI), which reveals the pathological changes in soft tissues, is
an appropriately effective auxiliary to clarify the pathogenesis. In
recent studies, a comprehensive comparison was made between
the Pavlov’s ratio and MRI scan, revealing a moderate correlation
(19). More specific and extensive evaluation of MRI images
and traditional diagnostic criteria is conducive to dissect the
complex pathogenesis and symptomatic treatment. Additionally,

we believe molecular biology will promote the determination
of pathogenesis through genomics, transcriptomics, and
proteomics analysis of the ligaments and disc tissues. Targeted
specific drug design is the research trend for stenosis treatment.
Cluster 3 focuses on the surgical method options under
particular conditions and inspection of adverse effects in failure
cases. According to the follow-up and postoperative recovery
analysis of many past cases, it is not the optimal procedure for
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FIGURE 9 | Mountain visualization of biclustering of high-frequency major MeSH terms and articles on spinal stenosis.

idiopathic symptoms. For instance, anterior decompression
with spinal fusion occurred before treating cervical stenosis
caused by posterior longitudinal ligament ossification (20),
and laminectomy could improve radiculopathy effectively
using foraminotomy (21). Doctors will formulate the most
suitable surgical plan after discussing the patients’ pathogenesis
and evaluation of the operation. However, unpredictable
postoperative symptoms and complications may persist
following adequate treatment. Both standard open laminectomy
and minimally invasive laminectomy are applied widely to
treat cervical spondylosis using lamina trapping and ligament
ossification (22). However, postoperative epidural fibrosis with a
scar would restrict nerve mobility and increase tension, causing
nerve injury and pain (23). Adhesion of the dura mater, canal
wall, and ligamentum flavum can also cause cerebrospinal fluid
leakage if a tear occurs. Additionally, intraoperative spinal cord
injury can lead to paraplegia and incomplete decompression,
operative area infection, and spinal atrophy. Regarding incision,
anterior surgery exhibits a higher recovery rate and surgical risk,
and posterior surgery shows more neurological deterioration.
To improve recovery and prevent complications, clinicians
strive to optimize the operation and control soft tissue injury
and infection. Additionally, the optimization of foraminoscope
technology and the improvement in minimally invasive spinal
instruments, such as drills and trephines under the microscope,
will help improve the success rate of surgery and control the risk
of postoperative infection.

Cluster 4 focuses on the role of instrumentations in
the rehabilitation of patients with spinal stenosis after
decompression. As observed in previous operative cases,

pure spinal fusion or laminectomy for decompression results
in vertebral instability and increased mobility. Thus, more
clinical and fundamental research continues to design multiple
internal implantations to stabilize injured vertebral structures.
The applied effect of each implantation is adequately inspected.
E.H.Kuner evaluated the ASIF internal fixator for the operation
of spinal fractures. They observed that internal fixation could
effectively reduce the remaining encroachment and remodel
the spinal canal, contributing to improving the operative effect
and reducing operative complications (24). Since then, various
interspinous process decompression (IPD) devices have been
tested and applied clinically. These devices would relieve the load
on facet joints, restore the height of the intervertebral foramen,
and maintain the stability of the spine. However, a follow-up
survey also revealed the existing risks, including spinous process
fracture, cerebrospinal fluid leakage, and low-back pain (25).
At the moment, the indications for these devices require more
preoperative examination, intraoperative observation, and
postoperative monitoring. Additionally, the prevention methods
for post-IPD complications warrant further study.

Cluster 5 focuses on the surgical indications for clinical
manifestations. As discussed previously, operative intervention
is not inevitable and doctors made optimal plans in which
operation would occur for specific conditions. Low back
pain, a type of civilized disease prevalent in modern society,
occurring mainly in the fourth and fifth lumbar or fifth
lumbar and the first sacral vertebrae, is an important indication.
Almost eighty percent of adults have pain with osteomyelitis,
fracture, and spinal stenosis (26). Operation will be considered
after falling flat, with conservative treatment for low back
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pain usually caused by disc herniation, spondylolisthesis, and
degenerative disc disease. Minimizing the surgical trauma is
also a critical consideration of the surgeon. Thus, in most
cases, minimally invasive interventional approaches are the
first choice. Orthopedic minimally invasive techniques such as
foraminal, interlaminar, and delta mirrors, are widely adopted
to improve function and reduce the side effect of drugs (27).
Combined with clinical experience, we propose the following
three indications for surgery: the patient has unbearable pain
and requires surgery when treated conservatively; the patient
has sustained intermittent neurogenic claudication and lower
extremity symptoms for more than 2-3 months without
significant improvement after conservative treatment; or the
patient has severe dysfunction, such as progressive weakness
of the lower limbs or incontinence. Additionally, surgical
intervention using appropriate conservative intervention may
maximize the therapeutic effect.

Cluster 6 focuses on the non-operative therapeutic means
of spinal stenosis. Conservative treatment is favored because
of the lack of collateral damage to the organism. The choice
of conservative treatment vs. operation depends on accurate
mastery of the clinical examinations including paraspinal
tissue morphology, the functional status, and symptoms.
Three major strategies are used—oral painkillers, epidural
injection, and physical therapy—on the patients in the early
stage with moderate symptoms clinically. Among them,
epidural corticosteroid injection was confirmed to reduce pain,
although the reduction was by a small degree and non-sustained
(28). Additionally, epidural injection was more cost-effective
and safe. The role of physical therapy in relieving pain and
restoring function was limited, but necessary exercise therapy
contributed to rehabilitation and complication prevention.
Only functional training is less effective than operation in most
cases. Non-steroidal anti-inflammatory drugs (NSAIDs) are the
most common drug therapy clinically. The pharmacological
mechanism involves reducing nerve stimulation, preventing
painful secreted substances, and lowering the pain threshold.
Thus, NSAIDs cannot fundamentally solve the problem but
may reduce pain perception and may lead to drug dependence.
Therefore, drug therapy is invalid and must improve. Overall,
non-operative therapy is suitable preoperatively for mild to
moderate patients and is available in preoperative preparation
and postoperative rehabilitation. Additionally, traditional
Chinese medicine, massage, and acupuncture show significant
improvement effects in mild patients in clinical practice. For
patients with different degrees and symptoms, formulating
different treatment plans with integrated Chinese and Western
medicine may produce the best therapeutic effect, which is also a
research hotspot for the future.

As mentioned above, we have described the research status
and further trends of spinal stenosis over the last 20 years
research. However, reflective research loopholes and limitations
may influence the analysis results. First, all the data were obtained
from a single database and not involved in most language
countries. High-quality literature in other databases was ignored.
Collaborative analysis of multiple databases will help to improve

the universality of the study. Second, co-word retrieval based
on MeSH terms is limited with occasionality. The number and
selection of MeSH terms will improve the biclustering results.
Third, the range of our information retrieval starts from the
origination of spinal stenosis studies, which may be a superiority,
but could also weaken the recent research trends. Combining
more measurement standards will contribute to capturing more
research hotspots in the future.

CONCLUSION

Among each stage of spinal stenosis onset, we conclude the
hotspots in pathogenesis and therapeutic research. Pathogenesis
has always been the focus of disease research, helping to master
and judge progression. The ligmentum flavum and posterior
longitudinal ligmentum, which compose the anteroposterior wall
of the spinal canal, have attracted increased attention recently.
Pathological changes in the ligmentum components, including
hypertrophy and ossification, may alter the local morphology,
leading to the narrowing of the spinal canal. Furthermore,
publishers care more about the selection of therapeutic means
in terms of severity. After long-term follow-up surveys and
randomized controlled trials, operations combined with proper
functional rehabilitation training could maximize the life quality
of patients. Additionally, the operative principle is more inclined
to minimal invasion and internal implantation, which lowers
the risk of infection and postoperative complications. Further
refining the pathological classification by optimizing the surgical
method and instrument properties will be an important future
direction for spinal stenosis.
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