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Research progress in neuropathic
pain after spinal cord injury: a
bibliometric study from 2013 to
2024

Qin Huiging', Lin Weishan', Gui Yuchang, Tang Yun and
Xu Jianwen*

Department of Rehabilitation Medicine, The First Affiliated Hospital of Guangxi Medical University,
Nanning, Guangxi, China

Background: The incidence of neuropathic pain (NP) after spinal cord injury
(SCI) is quite high. This pain is clinically challenging to treat and has an
debilitating effect on patients. In recent years, NP is a popular topic of research
and a number of relevant articles have been published in academic journals.
The purpose of this article is to analyze the global research trend of NP after SCI
using bibliometric methods.

Methods: The literature was screened from 2013 to 2024 based on the Web of
Science core collection (WOSCC). These publications, including annual publications,
journals, authors, references, and keywords via CiteSpace, were analyzed in order
to help understand the current research direction and hotspots in this field.

Results: A total of 2022 publications were included in the analysis. The results
showed that an overall upward trend in the number of publications in the study
period. The top five productive journals are Spinal Cord, Journal of Neurotrauma,
Pain, Experimental Neurology, and Journal of Spinal Cord Medicine, the journals
related to spinalcord or pain. The top five most productive scholars are Armin Curt,
Michael G. Fehlings, Wu Junfang, John L. K. Kramer, and Farinaz Nasirinezhad.
Keyword bursts showed that signaling pathway, neuroinflammation, neuralgia,
spinal cord stimulation, inhibition, and depression have become new research
hotspots in the field of NP after SCI.

Conclusion: This study provides a basis for the study of pain after SCI. It
summarizes past research on NP following SCI and offers valuable reference
data for further exploration of research trends and issues of focus in this field.
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1 Introduction

Spinal cord injury (SCI) is a common central nervous system disease, which results in
motor dysfunction below the injury level and other common complications such as muscle
spasm, pain, and bladder dysfunction that impair the quality of life of patients (1). Pain,
especially neuropathic pain (NP), is considered to be the most difficult pain after spinal cord
injury and a powerful predictor of quality of life decline after SCI. Because it is intractable with
conventional therapy, it poses difficulty in clinical treatment and needs to be solved urgently
(2). Approximately 53% of patients with spinal cord injury develop neuropathic pain, which
is more common below the level of lesion in patients with tetraplegia, older patients, and at
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1 year post-injury (3). NP persists over an extended duration and
poses formidable challenges in terms of treatment. Its enduring nature
significantly impedes the rehabilitation progress of patients, exerting
a detrimental influence on mood, sleep, overall quality of life, social
engagements, recreational pursuits, and occupational pursuits.
Moreover, it frequently imposes a substantial economic burden on the
healthcare system, families, and society at large (4, 5).

NP, usually described as a burning or shooting with unusual
tingling, crawling, or electrical sensations (dysesthesiae) (6),
represents a prevalent chronic condition observed in clinical settings.
Currently, the pathogenesis of NP remains inadequately understood,
and there is a deficiency of effective targeted treatments. To alleviate
the deficiency in quantitative analysis of NP following SCI research,
the objective of this study is to establish a foundation for
comprehensive scientific exploration of post-SCI pain spanning the
last 12 years (2013-2024). By comprehensively examining the
advances in studies of NP observed in the context of SCI during this
time frame, this article aims to identify focal points of the current
research, thereby providing a theoretical groundwork for subsequent
investigations. In the medical domain, there is a burgeoning trend in
the utilization of CiteSpace for scholarly articles, with a notable
increase in studies focused on the trajectory of pain (7, 8).

Bibliometrics is a quantitative statistical analysis tool employed to
scrutinize and comprehend research trends, playing a pivotal role in
both theoretical and practical information science research (9, 10).
Utilizing bibliometric methods allows for the swift elucidation of
literature characteristics, analysis, and a comprehensive understanding
of the development processes and research focal points within specific
fields. CiteSpace stands as a frequently utilized software application
for bibliometric analysis. In this study, we conducted a bibliometric
analysis of publications on NP after SCI via CiteSpace 5.7 R5. The
prevailing global research trend on NP after SCI encompasses various
facets: publications, journals, authors, references, and keywords.

2 Methods
2.1 Search strategy

The publications considered in this investigation spanned the past
12 years (2013-2024) and were retrieved from the Science Citation
Index Expanded (SCI-Expanded) within the Web of Science (WoS).
The search strategy employed was as follows: [(TS = (“spinal cord
injury” OR “spinal cord injuries” OR “spinal cord trauma” OR “SCI”))
AND TS = (“Neuralgia” OR “neuropathic pain “OR “allodynia” OR
“neuralgic pain” OR “nervous pain” OR “nerve pain” OR
“hyperalgesia”)].

2.2 Inclusion criteria and exclusion criteria

According to the inclusion and exclusion criteria established by
Chenchaomei (11), publications related to NP after SCI, including
both articles and reviews published in various academic journals, were
incorporated. A total of 2024 articles were identified from the Web of
Science Core Collection (WOSCC). Exclusions comprised early
access, proceeding articles, book chapters, retracted publications, and
news items. After excluding two articles, 2022 articles remained. No
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additional specific limitations were imposed, except that the chosen
language was English.

2.3 Analysis tool

CiteSpace is a bibliometric analysis Java-based visualization
software crafted by Professor Chaomei Chen (12). The software version
employed in this research is CiteSpace 5.7 R5, a version subject to
continuous updates. The parameters configured for CiteSpace in this
study were as follows: a time-slicing approach covering January 2013 to
December 2024 (1 year per slice), all options in the term source
selected, one node type chosen at a time, selection criteria (top 30 or 50
objects), and pruning using Pathfinder. Nodes and links were utilized
to generate visualization knowledge maps. Each node on the map
denoted an element under analysis, such as a cited journal, country, or
author. The node’s size reflected the frequency of citation, with
different-colored nodes representing different years. Connection lines
between nodes indicated co-occurrence or co-citation relationships,
with line thickness signifying the strength of the relationship and color
corresponding to the first co-occurrence or co-citation time of nodes.
Colors ranging from cool to warm represented early to recent
occurrences. Centrality, also known as betweenness centrality, was
employed, considering nodes with high centrality (>0.1) as potential
turning or pivotal points in the field. When the default number of
network nodes in CiteSpace exceeded 350, the centrality calculation
function would be deactivated, requiring manual activation through
the “compute node centrality” function in the node menu.

3 Results
3.1 Annual publications

A total of 2022 publications were retrieved. The number of annual
publications is illustrated in Figure 1. Over the past 12 years, the
number of publications has fluctuated but generally followed an
upward trend; the highest number known is 202 in 2018. Since 2024
is not yet over, it is temporarily impossible to count its final number
of publications. As depicted in Figure 1, the number of publications
shows three declining stages and two rising stages. The decline in the
number of publications occurred from 2013 to 2014, from 2019 to
2020, and from 2023 to 2024, the periods of rising publication
numbers appeared from 2015 to 2018 and from 2021 to 2022. From
2015 to 2018, the number of publications increased from 142 to 202,
accounting for 35.91% of the total publications over the 12 years. This
indicates a growing interest among scholars in NP after SCI during
this period.

3.2 Analysis of journals and cited journals

The number of journals that published the 2022 articles on NP
after SCI was 543. Many journals are professional journals related to
neuroscience and pain, while others are journals that cover
rehabilitation, molecular and biological cell research, pharmacology,
and professional diseases. The top 10 journals are listed by the
number of publications in Table 1. The 10 journals published 446
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Number of Annual Publications
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The number of annual publications on neuropathic pain after spinal cord injury research from 2013 to 2024.

TABLE 1 Top 10 most productive journals.

Rank Journals Frequency Impact factor JCR (2023)
1 Spinal Cord 80 2.1 Q3
2 Journal of Neurotrauma 70 39 Q1
3 Pain 51 59 Q1
4 Experimental Neurology 50 4.6 Q1
5 Journal of Spinal Cord Medicine 45 1.8 Q3
6 Neural Regeneration Research 32 5.9 Q1
7 European Journal of Pain 30 35 Q1
8 Frontiers in Molecular Neuroscience 30 3.5 Q2
9 Journal of Neuroscience 29 44 Q1
10 Journal of Pain Research 29 2.5 Q2

articles, which account for 22.06% of the total records. These
journals mostly belong to the neuroscience and pain journal
category, which have made important contributions to the research
progress of neuropathic pain. Spinal Cord ranked first in the
frequency and the first impact factor (IF) ranking are Pain and
Neural Regeneration Research. Two journals’ impact factor exceeded
5, whereas the average impact factor of the remaining journals was
approximately 3.025. In addition, in accordance with the journal IF
quartile of (13), we build a JCR journal quartile rankings. Journal of
Neurotrauma, Pain, Experimental Neurology, Neural Regeneration
Research, European Journal of Pain, and Journal of Neuroscience are
categorized as Q1, which are highly regarded and very selective in
what they publish, and the articles are worth studying. Frontiers in
Molecular Neuroscience and Journal of Pain Research are categorized
as Q2. Spinal Cord and Journal of Spinal Cord Medicine are
categorized as Q3. For journals with categorized as low or low
impact factor, the citation frequency is generally lower, and the
quality of their articles may be difficult to assess. Therefore, it is
important to make a careful judgment regarding the reference value
of articles. For example, a retrospective study (14) published in the
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Journal of Pain Research by Xu et al. demonstrated that patients with
neuropathic pain after SCI exhibit favorable outcomes in self-care,
respiratory and sphincter management, and activity ability. This
study provides a foundation for further exploration of the intensity
and functional recovery of NP after SCI and provided confidence for
clinical rehabilitation treatment.

We then generated a journal co-citation map to detect and
evaluate influential journals that contribute to the development of NP
after SCI research and serve as the knowledge base to some degree, as
shown in Figure 2. CiteSpace configurations were set up as follows:
Top N (N = 50) per year (2013-2024), LRE link retaining factor = 3,
LBY, look back year = 5, and e = 1. Sliced and merged networks were
pruned by the Pathfinder algorithm, which resulted in 87 nodes and
82 links. The node sizes of cited journals and linkage thickness
indicate citations and co-citations, respectively. From Figure 2, we can
identify cited journals with high citations and/or with high
betweenness centrality and draw out influential journals.

Co-citation analysis, one of the most important indicators, has
been widely applied in bibliometrics. Co-cited journals were those
cited together by other researchers. Through co-citation of journal

frontiersin.org


https://doi.org/10.3389/fneur.2024.1486584
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Huiqging et al.

10.3389/fneur.2024.1486584

CiteSpace, v. 5.7.R5 (64-bit) W

November 8, 2024 11:29:07 PM CST

WosS: C: \Users\86138\DesHop\WOS1107\d3¥a

Timespan: 2013-2024 (Slice Length=1)

Selection Criteria: Top 50 per slice, LRF=3.0, LBY=5, e=1.0
Network: N=87, E=82 (Density=0.0219)

Largest CC: 77'(88%)

Nodes Labeled: 1.0%

Pruning: Pathfinder

« NEUROSCI RESOj NEU OCHEM

FIGURE 2

represent cooperation relations.

E/@lEURON
SCIENCE \ (@@E

» /
\ )EI/NEUROINFLAMM

- r@gR\N.N

@/EUR0S oA
é\liEUROPHYSIOL . B2
PNEUROL . | \RCH PHYS MED REHAB
W|NAT NEURoSC! J SPINAL CORD MED
IMOL PAIN
JNEUROTRAUM  « INAL CORD

A cited journal map related to pain catastrophizing from 2013 to 2024. The nodes in the map represent the journal. The lines between the nodes

NAT REV NEUROSCI

UROSCIENCE
~~(@® NATL ACAD SCI USA
;PLOS ONE

~.SCI REP-UK
PAIN

&
____¢NEUROLOGY

TABLE 2 Top 10 journals with high citation frequency and high centrality.

Rank Frequency Centrality Cited Journal Frequency Centrality  Cited journal

1 1,510 0.63 Pain 1,149 1.31 Journal of Neuroscience
2 1,149 1.31 Journal of Neuroscience 1,510 0.63 Pain

3 1,024 0.61 Experimental Neurology 1,024 0.61 Experimental Neurology
4 1,008 0.3 Spinal Cord 892 0.47 Neuroscience

5 994 0.04 Journal of Neurotrauma 743 0.33 P Natl Acad Sci USA

6 892 0.47 Neuroscience 623 0.31 Nature

7 892 0.12 PLoS One 1,008 0.3 Spinal Cord

8 877 0.24 Brain Research 877 0.24 Brain Research

9 799 0.04 Brain 670 0.2 Arch Phys Med Rehab
10 789 0.12 Journal of Pain 189 0.19 Front Cell Neurosci

analysis, we can obtain a distribution of key knowledge sources in a
field. Table 2 presents the top 10 cited journals with the highest
frequency and centrality of NP after SCI research. The most frequently
cited journal was Pain (1510), followed by Journal of Neuroscience
(1149) and Experimental Neurology (1024). In terms of centrality, the
journals at top whose centrality exceeded 0.3 include the Journal of
Neuroscience (1.31), Pain (0.63), Experimental Neurology (0.61),
Neuroscience (0.47), Proceedings of the National Academy of Sciences
USA (0.33), and Nature (0.31), which act as bridges linking other
journals to a large extent. It is noteworthy that the top 10 sources of
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publications and most cited journals overlap to some extent, such as
Pain, Journal of Neuroscience, Experimental Neurology, Spinal Cord,
Neuroscience, and Brain Research, which can be deemed as reference
journals for NP after SCI research.

We analyzed the co-citation relationship between Pain and Journal
of Neuroscience, the top two journals in terms of centrality and citation
frequency. The analysis of co-cited literature revealed that research
trends in NP following SCI may focus on exercise therapy,
neuroelectrophysiology, mechanoreceptors, glial cells, the spinal cord,
thalamic function, and molecular mechanisms in the future.

frontiersin.org


https://doi.org/10.3389/fneur.2024.1486584
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Huiging et al.

3.3 Analysis of authors and cited authors

Concerning the number of publications, Armin Curt from the
Spinal Cord Injury Center of the University Hospital of Balgris in
Zurich, Switzerland, was the most prolific author. One of his articles
identifying the metabolic NP signature after SCI by magnetic
resonance spectroscopy provides new NP treatment targets (15).
Michael G Fehlings, Wu Junfang, John L K Kramer, and Farinaz
Nasirinezhad were also active in the field of pain catastrophizing
research in Table 3.

Author co-citation network is generated to identify highly cited
scholars whose publications are widely recognized by research
communities in NP research after SCI. As shown in Figure 3, the map
of the authors comprised 195 nodes and 208 links. When the size of
the nodes is more larger the more times the author has, and the
thickness of the lines between two node reflects the more times two
authors are cited in the same article. The nodes with betweenness
centrality no less than 0.1 are covered by a purple circle, and we can
identify cited authors with high citations and/or with high
betweenness centrality and draw out leading researchers. From
Figure 3, the top five most highly cited authors are Nanna Brix
Finnerup (542), Philip J. Siddall (457), D. Michele Basso (319), Young
S Gwak (258), Bryan C. Hains (214). In terms of betweenness
centrality, the top five are Megan Ryan Detloff (0.52), Makoto Tsuda
(0.49), Diana D Cardenas (0.44), Claire E Hulsebosch (0.43), and John
D Putzke (0.43). In addition, Table 4 gives a summary. Figure 4 shows
the citation distribution of top five most cited authors. From Figure 4,
we can know that on the whole, the citations of these five scholars
fluctuated from 2013 to 2024, but it can be seen that the citation
frequency of Nanna Brix Finnerup and Philip J. Siddall was
significantly higher than that of the other three in the past 12 years.

Nanna Brix Finnerup works at Aarhus University and has been
awarded the title of highly cited researcher in the field of neuroscience
and behavior for four consecutive years (from 2020 to 2023). His
research fields mainly include neurosciences and neurology,
anesthesiology, rehabilitation, endocrinology and metabolism, and
general and internal medicine. Philip J. Siddall works at Greenwich
Hospital from Sydney in Australia, his research fields include
neurosciences and neurology, rehabilitation, anesthesiology, general
and internal medicine, health care sciences & services. Young S. Gwak
works at the Department of Physiology, Korean Medical University,
Daegu, Republic of Korea, whose expertise areas include food science
and technology, biochemistry and molecular biology, and chemistry.
D. Michele Basso works at the Ohio State University in USA and his
research areas include neurosciences and neurology, rehabilitation,
general and internal medicine, sport sciences, and orthopedics. Bryan
C. Hains works at the University of Texas Medical Branch and his

TABLE 3 The top five authors.

Author
1 23 0 2015 Armin Curt
2 14 0 2014 Michael G. Fehlings
3 14 0 2013 Junfang Wu
4 13 0 2015 John L. K. Kramer
5 12 0 2015 Farinaz Nasirinezhad
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expertise areas include neurosciences and neurology, general and
internal medicine, physiology, psychiatry, and surgery.

In terms of betweenness centrality, there are 23 scholars whose
betweenness centrality is no lower than 0.2, indicating they are more
influential than other scholars and exert a great impact on the
development of NP after SCI research. For example, cited authors with
the highest betweenness centrality Megan Ryan Detloff is a scholar in
the field of neurosciences and neurology. Her research on NP after SCI
has been extensively cited by other scholars to elucidate relevant
pathological mechanisms and to explore new treatment approaches.
For instance, Sliwinski et al. (16) referenced Detloff’s article “Acute
Exercise Prevents the Development of NP and the Sprouting of
Non-peptidergic (GDNF- and Artemin-responsive) C-fibers After
Spinal Cord Injury” Liu et al. (17) cited Detloff’s article, “Exercise-
Induced Changes to the Macrophage Response in the Dorsal Root
Ganglia Prevent Neuropathic Pain after Spinal Cord Injury.” Lee et al.
(18) also referred to Detloff’s article, “Chronic at- and Below-level Pain
After Moderate Unilateral Cervical Spinal Cord Contusion in Rats”

In addition, we can also identify influential scholars from the
point of citation bursts, that is, a scholar is cited much during a short
period, which can be considered as major milestones in the
development and of evolution NP search (19). The citations of several
authors have been bursting to present, including Burke D. (with a
burst strength of 33.65, from 2020), Ahuja CS (22.26, 2020), Li Y
(21.44, 2021), Shiao R (18.92, 2022), and Zhang Y (18.57, 2020). The
publications of these authors are worth studying because of their
significant impact on NP research after SCI.

3.4 Analysis of cited references

When a group of documents is frequently cited in conjunction
with other documents, this cluster may represent a certain research
theme. Compared with other clusters, each cluster member is cited
more frequently by a group of the same citing articles. In this
section, based on 85,338 valid references cited in the 2022 records
in our dataset, we applied the method of document co-citation
analysis to visualize the landscape view of the NP field after SCI and
analyze underlying knowledge base and research fronts. As shown
in Figure 5, there are 15 clusters, including #0 isolated nociceptor,
#1 pharmacological management, #2 therapeutic prospect, #3
following rat, #4 dendritic spine dysgenesis, #5 bioactive compound,
#6 chronic pain syndrome, #7 systematic review, #8 complete spinal
cord injury, #9 functional reorganization, #10 non-coding RNA, #11
emerging role, #12 human neural stem cell transplantation, #13
mast cell, #17 spinal cord injury treatment, which are major
specialties of the NP after SCI field. Each cluster signifies distinct
aspects of NP issues and topics. For these clusters, the color of the
convex hull of each cluster indicates the mean year calculated on
publication year of the cluster’s members. In addition, the brighter
the color is, the closer the average year of one cluster is to the
present. The quality of co-citation clusters is supposed to meet both
criteria of modularity and weighted mean silhouette, which deserves
to be thoroughly investigated. The modularity of the network is
0.7173, which is considered as a higher value, denoting that a well-
structured network is developed and the specialties in NP fields after
SCI are clearly defined. The weighted mean silhouette, as an
indicator measuring the internal homogeneity of each cluster, is
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TABLE 4 The top five cited authors with high frequency or betweenness centrality.

Frequency Centrality Cited author Frequency Centrality Cited author
1 542 0.15 Finnerup NB 187 0.52 DETLOFF MR
2 457 0.15 Siddall PJ 112 0.49 TSUDA M
3 319 0.08 Basso DM 143 0.44 CARDENAS DD
4 258 0.18 Gwak YS 153 043 HULSEBOSCH CE
5 214 037 Hains BC 18 0.43 PUTZKE JD

0.8665, signifying the clustering is highly reliable and members of
the corresponding cluster are more similar than other clusters’
members.

As shown in Figure 6, all clusters are displayed on a timeline axis,
which shows the research directions of NP after SCI. Each cluster’s
members is shown in chronological order along the horizontal axis,
whereas clusters are displayed vertically from top to down according
to their sizes. From Figure 6, the duration of cluster # 1 has expired in
2018, but the cluster has a lot of literature worth studying.

Table 5 lists the details of these 15 clusters, and their silhouette
values are greater than 0.7, which indicates that clusters are highly
reliable and members have high internal consistency. Each of the
three largest clusters has over 100 members. The largest cluster is
#0 isolated nociceptor composed of 111 nodes, which accounted for
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12.94% of the whole network. Then cluster #1 pharmacological
management contains 110 nodes, accounting for 12.82% of the
entire network, followed by cluster #2 therapeutic prospect
composed of 107 nodes, accounting for 12.47% of the whole
network. There are seven clusters whose durations exceed 5 years,
including #0 isolated nociceptor, #1 pharmacological management,
#4 dendritic spine dysgenesis, #6 chronic pain syndrome, #7
systematic review, #9 functional reorganization, and #11 emerging
role. Among them, cluster #1 pharmacological management is the
longest period, lasting 10 years. In terms of activeness, in Table 5,
we can see that the latest time of the cluster is up to 2020, but this
does not mean that researchers have lost interest in this field.
Maybe they have explored new research directions in related
fields (19).
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Cluster diagram of references.

Considering the size and activity of the cluster, we mainly focused
on cluster #0 isolated nociceptor, cluster #2 therapeutic prospect, and
cluster #7 systematic review.

Cluster #0, labeled as ‘Isolated Nociceptor; is the largest cluster,
comprising 111 members across an eight-year period from 2012 to
2020. A study by Shiao et al. (20) has the most citations and the
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strongest burst strength within this cluster. They proposed that
quantitative sensory testing could help distinguish between the
mechanisms underlying low-grade NP and spasm, potentially offering
new clinical options for identifying optimal treatments for NP after
SCI. The most active citer to the cluster is Jonghoon Kang (21), whose
article was cited in 23 articles within the cluster. This article reviews
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Timeline visualization of reference clustering.
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the current understanding of excessive neuronal excitability and
maladaptive nociceptive transmission throughout the nervous system,
which contributes to chronic central nervous system pain. A study by
Li et al. (22) in 2020 showed that exercise training can ameliorate NP
in rats with SCI. Therefore, we speculate that the research direction of
this cluster in the field of NP after SCI is changing.

Cluster #2, labeled by therapeutic prospect, is the third-largest
cluster, containing 110 nodes over a four-year period from 2016 to
2020. The treatment of NP after SCI remains a significant challenge,
and the prospects for effective treatments continue to be a concern.
Alizadeh et al. (23) review the pathophysiological progress of SCI,
discussed the research results, and provided insights into future
directions for NP research following SCI. Anjum et al. (24) pointed
out numerous therapeutic strategies have been proposed to overcome
neurodegenerative events and reduce secondary neuronal damage.
However, due to the complexity of treatment, achieving satisfactory
results remains difficult. Therefore, continued research is essential to
identify more effective treatments for NP after SCI. In 2020, there was
a noticeable shift toward focusing on the characteristics and evaluation
of NP after SCI. For example, Pfyffer et al. (25) explored the correlation
between tissue bridges and the development of NP through image
analysis. Kim et al. (26) studied the prevalence and characteristics of
NP in patients after SCI. The discussion of the characteristics and
influencing factors of NP after SCI may lead to optimized management
strategies and improved therapeutic outcomes.

Cluster #7, labeled “Systematic Review;” consists of 52 nodes. The
most cited article in this cluster is published by Ahuja et al. (27), which
discussed the key aspects of epidemiology, pathophysiology, and
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patient presentation in SCI. Additionally, the article outlines treatment
strategies and future research directions. Colloca et al. (28) provide a
detailed description of the presentation, causes, diagnosis, and
treatment of NP, emphasizing the necessity of a multidisciplinary
approach for the effective management of NP.

3.5 Analysis of keywords

Keywords are the concentration and refinement of the core
content of the article, which contribute to efficient information
retrieval and guides researchers to understand the core and essence of
research (29). As shown in Figure 7, a node corresponds to a keyword
and the size of the node represents the co-occurrence frequency of
keywords. The link represents the time when two key terms appear in
the same article. The brighter the color of the link, the closer the
co-occurrence time is to the present (11, 30). We can evaluate the
importance of a keyword by co-occurrence frequency and centrality.
Relying on high-frequency and high-centrality keywords, the frontier
content and research trends of the present field can be detected.
Table 6 lists the top 10 keywords with high centrality or high frequency.

From the frequency point of view spinal cord injury with the
frequency of 1,330 ranks first of all the keywords. The second highest
count was neuropathic pain (1140), followed by pain (223). The
keywords expression (186), activation (182), inflammation (164),
mechanism (162), and microglia (151) represent the related mechanism
of NP after SCI studied by scholars. Rat (129) represents the method
of research. Functional recovery (143) represents the results of the

frontiersin.org


https://doi.org/10.3389/fneur.2024.1486584
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Huiging et al.

TABLE 5 Detailed information about the 12 largest clusters.

10.3389/fneur.2024.1486584

Cluster ID Size % Silhouette Star Stop Mean (year) Label (LLR)

0 111 12.94 0.783 2012 2020 2015 Isolated nociceptor

1 110 12.82 0.803 2008 2018 2012 Pharmacological management
2 107 12.47 0.796 2016 2020 2019 Therapeutic prospect

3 74 8.62 0.893 2008 2013 2010 Following rat

4 65 7.58 0.922 2008 2016 2012 Dendritic spine dysgenesis

5 61 7.12 0.871 2015 2020 2017 Bioactive compound

6 58 6.76 0.951 2009 2017 2013 Chronic pain syndrome

7 52 6.06 0.918 2014 2020 2018 Systematic review

8 51 5.94 0.882 2015 2020 2016 Complete spinal cord injury

9 41 4.78 0.956 2008 2016 2011 Functional reorganization

10 24 2.8 0.927 2016 2020 2018 Non-coding RNA

11 23 2.68 0.934 2014 2020 2017 Emerging role

12 13 1.52 0.994 2008 2012 2010 Human neural stem cell transplantation
13 6 0.7 0.999 2008 2011 2009 Mast cell

17 3 0.35 0.992 2012 2014 2013 Spinal cord injury treatment

study. In addition as shown in Figure 7 the most frequent keywords
are spinal cord injury and neuropathic pain. These terms exhibit a
strong co-occurrence relationship indicating a high likelihood of their
simultaneous appearance in the literature.

At the level of centrality, the keywords with high centrality
(centrality > = 0.1) are often regarded as inflection points in the keyword
frequency knowledge graph and is of great significance in connecting
other keywords or research topics, which to some extent represents
significant themes or turning points in the research field. From Table 6,
we can see that the centrality of the top 10 keywords is greater than 0.1,
indicating that these keywords are worthy of our attention. Among
them, direct current stimulation (0.25) has the highest centrality, followed
by transcranial magnetic stimulation (0.18) and then anxiety (0.15).

On the other hand, we also pay attention to the burst keywords, in
order to identify the research hotspots in the field of NP after
SCI. Figure 8 lists 25 keywords with strong bursts. In chronological
order, the burst keywords in the NP after SCI field have been changing
over the years from 2013 to 2024. The keywords with relatively long
burst periods were necrosis factor alpha (2013-2018), nerve growth
factor (2013-2018), with a duration of 6 years, which shows that these
topics became research hotspots in the field of NP after SCI than other
keywords during the same period. In addition, keywords such as
signaling pathway, neuroinflammation, neuralgia, spinal cord stimulation,
inhibition, and depression continue to be burst keywords until 2024. This
reveals that researchers are currently focusing on the potential
mechanisms, treatment methods, and mental health of NP after SCL.

From the point of view of burst strength, neuroinflammation
(10.58) has the strongest burst, followed by proliferation (6.24), central
pain (6.21), inflammatory pain (6.06), and signaling pathway (5.75),
which are research hotspots in their corresponding periods.

4 Discussion

NP after SCI remains a challenging clinical problem, which has
continued to attract the attention of researchers who are continuously
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seeking effective treatment methods. Existing treatment methods for
NP after SCI include drug therapy (31), non-drug therapies [such as
neuromodulation (32), physical therapy (33), acupuncture (34),
psychotherapy (35, 36), and virtual reality (37), and surgical therapy
(38)]. While drugs are commonly used, their effectiveness is limited,
and they often cause significant side effects. Additionally, the
development of new drugs has been slow. Non-drug treatments
generally have fewer side effects, and new methods are being
developed rapidly; however, most of these therapies are not
supported by high-quality evidence. NP is a high-incidence
symptom after SCI. Patients often experience significant anxiety and
distress due to unbearable pain, leading to a serious reduction in
their quality of life (3). However, there is currently no highly effective
clinical method to help patients relieve this pain, and the existing
research on its mechanism remains unclear, further increasing the
difficulty of treatment. Over the years, scholars have been actively
researching NP after SCI, which has garnered widespread
academic attention.

However, the bibliometric literature that can help us better
understand the research progress of NP after SCI is limited. The main
purpose of this study is to visualize and conduct a systematic
scientometric review of 2022 articles published from 2013 to 2024. In
this study, the software CiteSpace 5.7.R5 was used to analyze the
co-citation and co-occurrence of the literature retrieved from the
WOSCC database. We concentrate on key nodes that exhibit high
frequency, high betweenness centrality, or strong burst strength. By
analyzing the publications, journals, authors, references, and
keywords, we reveal the research hotspots and emerging trends in the
field of NP after SCI during the same period. We hope that this article
provides scholars with valuable insights into the overall research
progress and serves as a useful reference for future studies.

Based on the analysis of journals and cited journals, authors and
cited authors, and cited references network, the intellectual structure
of the NP after SCI field is revealed.

The top 10 journals contributed to 22.06% (446) of the total
number of publications on NP after SCI. The top five most productive
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TABLE 6 Top 10 keywords with high count or centrality.

Rank Frequency Keywords Centrality Keywords

1 1,330 Spinal cord injury 0.25 Direct current stimulation
2 1,140 Neuropathic pain 0.18 Transcranial magnetic stimulation
3 223 Pain 0.15 Anxiety

4 186 Expression 0.14 Cortex

5 182 Activation 0.12 Apoptosis

6 179 Rat 0.12 Virtual reality

7 164 Inflammation 0.11 Motor cortex

8 162 Mechanism 0.11 Brain activity

9 151 Microglia 0.1 Efficacy

10 143 Functional recovery 0.1 Central nervous system

journals include Spinal Cord, Journal of Neurotrauma, Pain,
Experimental Neurology, and Journal of Spinal Cord Medicine. From
the perspective of high centrality and high citation frequency, the
influential journals in NP after SCI research include Journal of
Neuroscience, Pain, Experimental Neurology, and Neuroscience.
However, as shown in Table 1, among the top 10 journals, only two
had an impact factor greater than 5, none had an impact factor over
10, but six were in the Q1 category. This indicates that publishing
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research on NP after SCI in more influential journals remains a
challenge, but research in this field has attracted the attention
of scholars.

The top five most highly cited authors are Nanna Brix Finnerup,
Philip J. Siddall, D. Michele Basso, Young S. Gwak, and Bryan C Hains.
With the exception of Young S. Gwak, the other four researchers’ areas
of study are related to neuroscience and neurology, indicating that their
research on NP after SCI has high reference value. Nanna Brix
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FIGURE 8
The top 25 keywords with the strongest citation bursts.
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Finnerup (39) introduced the progress of SCI pain classification, the
progress of understanding of potential mechanisms, and evidence-
based SCI pain treatment in a review, providing a reference for
exploring NP after SCI. In one of Philip J Siddall et al’s (40) studies, the
association between sensory pathways and neuralgia was tested under
the injury plane through functional magnetic resonance imaging
(fMIR) technology, which provides a technical means for improving
the success rate of neuralgia after SCI and effectively utilizing residual
function. A basic study by D. Michele Basso et al. (41) revealed the key
role of microglia in the development of NP during RSD stress after SCI,
suggesting that microglia could be targeted as a therapeutic approach
to alleviate stress-related pain. In an early review by Bryan C. Hains
et al. (42), the elucidation of molecular changes leading to the
overexcitation of pain signal neurons may help identify molecular
targets for treating NP and related neurological damage after SCIL.

In the cluster diagram of references, we found that these clusters
highlighted the topic of NP after SCI. From the timeline diagram of
Figure 6, the latest duration of all clusters ends in 2020, which may
indicate that scholars have adjusted the new direction of research on
NP after SCI. These clusters include isolated nociceptor, therapeutic
prospect, systematic review, and non-coding RNA. The emerging roles
may provide valuable insights and guidance for future research
directions. Areas such as exercise therapy (22, 43), depression (44),
neuroinflammation (15), quantitative sensory testing (45), glial cell (46,
47), neuroimaging (48), mechanism (49, 50), and pathophysiological
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(21, 51) are likely to become new research trends. Due to the
limitations in scientificity of experimental design, quality of evidence,
sample size, subject homogeneity, and clinical feasibility in the
corresponding studies, it is essential to enhance the reliability and
applicability of the results in future research.

Keyword analysis reveals the conceptual structure of the NP after
SCI domain. The keywords with high frequency in the top five are
spinal cord injury, neuropathic pain, pain, expression, and activation.
The top five keywords of high centrality are direct current stimulation,
transcranial magnetic stimulation, anxiety, cortex, and apoptosis. The
keywords with burst strength in the top five are neuroinflammation,
proliferation, central pain, inflammatory pain, and signaling pathway,
which are the research hotspots in the corresponding period. The
keywords signaling pathway, neuroinflammation, neuralgia, spinal cord
stimulation, inhibition, and depression continue to be new research
hotspots, and signaling pathway lasted for 5 years. None of the other
burst keywords continue for more than 5 years, which indicates that
the research hotspots on NP after SCI may be constantly updated.

5 Conclusion and limitations

This study employs bibliometric methods to analyze key issues,
research directions, and developmental trends in NP research after
SCI from 2013 to 2024. A total of 2022 publications were included,
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with spinal cord ranking first in publication volume, and Armin Curt
producing the highest number of articles. Keyword bursts indicate
that topics such as signaling pathways, neuroinflammation, neuralgia,
spinal cord stimulation, inhibition, and depression are likely to emerge
as prominent research areas in the future.

There are several limitations in this study. Firstly, this study
conducted data screening only from the WOSCC database. In the
future, data collection and retrieval could be performed from
additional databases to enable more rigorous screening and
comprehensive data collection. Secondly, we only collected articles in
English and excluded articles and reviews of other unexpected types
of literature, which may introduce limitations to our results. Thirdly,
we cannot rule out the possibility that our search strategies may not
have been comprehensive, potentially leading to the omission of some
relevant articles due to missing search terms. Although this study has
its limitations, we are of the firm view that our review offers valuable
insights and guidance for researchers and other readers in the field of
NP after SCL

In the future, we will address these issues. We may also consider
combining bibliometric methods with traditional systematic reviews
to analyze and integrate research on NP after SCI more
comprehensively and accurately. In general, we hope that this article
can provide a basis for the study of NP after SCI.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

References

1. Simpson LA, Eng JJ, Hsieh JT, Wolfe DLSpinal Cord Injury Rehabilitation Evidence
Scire Research, T. The health and life priorities of individuals with spinal cord injury: a
systematic review. ] Neurotrauma. (2012) 29:1548-55. doi: 10.1089/neu.2011.2226

2. Cardenas DD, Nieshoff EC, Suda K, Goto S, Sanin L, Kaneko T, et al. A randomized
trial of pregabalin in patients with neuropathic pain due to spinal cord injury. Neurology.
(2013) 80:533-9. doi: 10.1212/WNL.0b013e318281546b

3. Burke D, Fullen BM, Stokes D, Lennon O. Neuropathic pain prevalence following
spinal cord injury: a systematic review and meta-analysis. Eur J Pain. (2017) 21:29-44.
doi: 10.1002/ejp.905

4. Felix ER, Cardenas DD, Bryce TN, Charlifue S, Lee TK, Macintyre B, et al.
Prevalence and impact of neuropathic and nonneuropathic pain in chronic spinal cord
injury. Arch Phys Med Rehabil. (2022) 103:729-37. doi: 10.1016/j.apmr.2021.06.022

5. Singh A, Tetreault L, Kalsi-Ryan S, Nouri A, Fehlings MG. Global prevalence and
incidence of traumatic spinal cord injury. Clin Epidemiol. (2014) 6:309-31. doi: 10.2147/
CLEP.S68889

6. Cavalli E, Mammana S, Nicoletti F, Bramanti P, Mazzon E. The neuropathic pain: an
overview of the current treatment and future therapeutic approaches. Int ] Immunopathol
Pharmacol. (2019) 33:2058738419838383. doi: 10.1177/2058738419838383

7. Luo H, Cai Z, Huang Y, Song J, Ma Q, Yang X, et al. Study on pain catastrophizing
from 2010 to 2020: a bibliometric analysis via CiteSpace. Front Psychol. (2021)
12:759347. doi: 10.3389/fpsyg.2021.759347

8. SuX, Hu HY, Xu C. Global research on neuropathic pain rehabilitation over the last
20 years. Neural Plast. (2021, 2021) 5594512. doi: 10.1155/2021/5594512

9. Hicks D, Wouters P, Waltman L, De Rijcke S, Rafols I. Bibliometrics: the Leiden
manifesto for research metrics. Nature. (2015) 520:429-31. doi: 10.1038/520429a

10. Mukherjee D, Lim WM, Kumar S, Donthu N. Guidelines for advancing theory and
practice through bibliometric research. J Bus Res. (2022) 148:101-15. doi: 10.1016/j.
jbusres.2022.04.042

11.Su Z, Zhang M, Wu W. Visualizing sustainable supply chain management: a
systematic scientometric review. Sustain For. (2021) 13:4409. doi: 10.3390/su13084409

12. Chen C. Searching for intellectual turning points: progressive knowledge domain
visualization. Proc Natl Acad Sci USA. (2004) 101:5303-10. doi: 10.1073/pnas.0307513100

Frontiers in Neurology

12

10.3389/fneur.2024.1486584

Author contributions

QH: Writing - original draft, Conceptualization, Data curation,
Formal analysis, Methodology, Software. LW: Conceptualization,
Writing - original draft. GY: Methodology, Writing - original draft.
TY: Data curation, Writing - original draft. XJ: Supervision, Writing -
review & editing, Funding acquisition.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

13. Clarivate. (2023). Available at: https://webofscience.clarivate.cn/wos/alldb/basic-
search. (Accessed November, 2024).

14. Xu ML, Wu XB, Liang Y, Li N, Hu X, Lin XD, et al. A silver lining of neuropathic
pain: predicting favorable functional outcome in spinal cord injury. J Pain Res. (2023)
16:2619-32. doi: 10.2147/JPR.S414638

15. Pfyffer D, Wyss PO, Huber E, Curt A, Henning A, Freund P. Metabolites of
neuroinflammation relate to neuropathic pain after spinal cord injury. Neurology. (2020)
95:€805-14. doi: 10.1212/WNL.0000000000010003

16. Sliwinski C, Heutehaus L, Taberner FJ, Weiss L, Kampanis V, Tolou-Dabbaghian
B, et al. Contribution of mechanoreceptors to spinal cord injury-induced mechanical
allodynia. Pain. (2024) 165:1336-47. doi: 10.1097/j.pain.0000000000003139

17.Liu Y, Cai X, Shi B, Mo Y, Zhang J, Luo W, et al. Mechanisms and therapeutic
prospects of microglia-astrocyte interactions in neuropathic pain following spinal cord
injury. Mol Neurobiol. (2024). doi: 10.1007/512035-024-04562-1

18. Lee SE, Greenough EK, Fonken LK, Gaudet AD. Spinal cord injury in mice
amplifies anxiety: a novel light-heat conflict test exposes increased salience of anxiety
over heat. Exp Neurol. (2023) 364:114382. doi: 10.1016/j.expneurol.2023.114382

19. Chen C. Science mapping: a systematic review of the literature. ] Data Inform Sci.
(2017) 2:1-40. doi: 10.1515/jdis-2017-0006

20. Shiao R, Lee-Kubli CA. Neuropathic pain after spinal cord injury: challenges and
research  perspectives. Neurotherapeutics. (2018) 15:635-53. doi: 10.1007/
s13311-018-0633-4

21.Kang J, Cho SS, Kim HY, Lee BH, Cho HJ, Gwak YS. Regional Hyperexcitability
and chronic neuropathic pain following spinal cord injury. Cell Mol Neurobiol. (2020)
40:861-78. doi: 10.1007/s10571-020-00785-7

22.Li X, Wang Q, Ding J, Wang S, Dong C, Wu Q. Exercise training modulates
glutamic acid decarboxylase-65/67 expression through TrkB signaling to ameliorate
neuropathic pain in rats with spinal cord injury. Mol Pain. (2020) 16:1744806920924511.
doi: 10.1177/1744806920924511

23. Alizadeh A, Dyck SM, Karimi-Abdolrezaee S. Traumatic spinal cord injury: an
overview of pathophysiology, models and acute injury mechanisms. Front Neurol. (2019)
10:282. doi: 10.3389/fneur.2019.00282

frontiersin.org


https://doi.org/10.3389/fneur.2024.1486584
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1089/neu.2011.2226
https://doi.org/10.1212/WNL.0b013e318281546b
https://doi.org/10.1002/ejp.905
https://doi.org/10.1016/j.apmr.2021.06.022
https://doi.org/10.2147/CLEP.S68889
https://doi.org/10.2147/CLEP.S68889
https://doi.org/10.1177/2058738419838383
https://doi.org/10.3389/fpsyg.2021.759347
https://doi.org/10.1155/2021/5594512
https://doi.org/10.1038/520429a
https://doi.org/10.1016/j.jbusres.2022.04.042
https://doi.org/10.1016/j.jbusres.2022.04.042
https://doi.org/10.3390/su13084409
https://doi.org/10.1073/pnas.0307513100
https://webofscience.clarivate.cn/wos/alldb/basic-search
https://webofscience.clarivate.cn/wos/alldb/basic-search
https://doi.org/10.2147/JPR.S414638
https://doi.org/10.1212/WNL.0000000000010003
https://doi.org/10.1097/j.pain.0000000000003139
https://doi.org/10.1007/s12035-024-04562-1
https://doi.org/10.1016/j.expneurol.2023.114382
https://doi.org/10.1515/jdis-2017-0006
https://doi.org/10.1007/s13311-018-0633-4
https://doi.org/10.1007/s13311-018-0633-4
https://doi.org/10.1007/s10571-020-00785-7
https://doi.org/10.1177/1744806920924511
https://doi.org/10.3389/fneur.2019.00282

Huiging et al.

24. Anjum A, Yazid MD, Fauzi M, Idris ], Ng AMH, Selvi A, et al. Spinal cord injury:
pathophysiology, multimolecular interactions, and underlying recovery mechanisms.
Int ] Mol Sci. (2020) 21:7533. doi: 10.3390/ijms21207533

25. Pfyffer D, Vallotton K, Curt A, Freund P. Tissue bridges predict neuropathic pain
emergence after spinal cord injury. ] Neurol Neurosurg Psychiatry. (2020) 91:1111-7. doi:
10.1136/jnnp-2020-323150

26. Kim HY, Lee HJ, Kim TL, Kim E, Ham D, Lee J, et al. Prevalence and characteristics
of neuropathic pain in patients with spinal cord injury referred to a rehabilitation center.
Ann Rehabil Med. (2020) 44:438-49. doi: 10.5535/arm.20081

27. Ahuja CS, Wilson JR, Nori S, Kotter MRN, Druschel C, Curt A, et al. Traumatic
spinal cord injury. Nat Rev Dis Primers. (2017) 3:17018. doi: 10.1038/nrdp.2017.18

28. Colloca L, Ludman T, Bouhassira D, Baron R, Dickenson AH, Yarnitsky D, et al.
Neuropathic pain. Nat Rev Dis Prim. (2017) 3:17002. doi: 10.1038/nrdp.2017.2

29. Wang W, Lu C. Visualization analysis of big data research based on Citespace. Soft
Comput. (2020) 24:8173-86. doi: 10.1007/500500-019-04384-7

30.Liu S, Sun YP, Gao XL, Sui Y. Knowledge domain and emerging trends in
Alzheimer’s disease: a scientometric review based on CiteSpace analysis. Neural Regen
Res. (2019) 14:1643-50. doi: 10.4103/1673-5374.255995

31. Finnerup NB, Attal N, Haroutounian S, Mcnicol E, Baron R, Dworkin RH, et al.
Pharmacotherapy for neuropathic pain in adults: a systematic review and meta-analysis.
Lancet Neurol. (2015) 14:162-73. doi: 10.1016/S1474-4422(14)70251-0

32. Attal N, Poindessous-Jazat E De Chauvigny E, Quesada C, Mhalla A, Ayache SS, et al.
Repetitive transcranial magnetic stimulation for neuropathic pain: a randomized multicentre
sham-controlled trial. Brain. (2021) 144:3328-39. doi: 10.1093/brain/awab208

33. Kannan P, Bello UM, Winser SJ. Physiotherapy interventions may relieve pain in
individuals with central neuropathic pain: a systematic review and meta-analysis of
randomised controlled trials. Ther Adv Chronic Dis. (2022) 13:20406223221078672. doi:
10.1177/20406223221078672

34.Ju ZY, Wang K, Cui HS, Yao Y, Liu SM, Zhou J, et al. Acupuncture for neuropathic
pain in adults. Cochrane Database Syst Rev. (2017) 12:Cd012057. doi: 10.1002/14651858.
CD012057.pub2

35. Heutink M, Post MW, Luthart P, Schuitemaker M, Slangen S, Sweers ], et al. Long-
term outcomes of a multidisciplinary cognitive behavioural programme for coping with
chronic neuropathic spinal cord injury pain. J Rehabil Med. (2014) 46:540-5. doi:
10.2340/16501977-1798

36. Jensen MP, Barber ], Romano JM, Hanley MA, Raichle KA, Molton IR, et al. Effects
of self-hypnosis training and Emg biofeedback relaxation training on chronic pain in
persons with spinal-cord injury. Int J Clin Exp Hypn. (2009) 57:239-68. doi:
10.1080/00207140902881007

37. Austin PD, Siddall PJ. Virtual reality for the treatment of neuropathic pain in
people with spinal cord injuries: a scoping review. ] Spinal Cord Med. (2021) 44:8-18.
doi: 10.1080/10790268.2019.1575554

38. Mehta S, Orenczuk K, McIntyre A, Willems G, Wolfe DL, Hsieh JT, et al.
Neuropathic pain post spinal cord injury part 2: systematic review of dorsal root entry
zone procedure. Top Spinal Cord Inj Rehabil. (2013) 19:78-86. doi: 10.1310/sci1901-78

Frontiers in Neurology

13

10.3389/fneur.2024.1486584

39. Finnerup NB. Pain in patients with spinal cord injury. Pain. (2013) 154:571-6. doi:
10.1016/j.pain.2012.12.007

40. Wrigley PJ, Siddall PJ, Gustin SM. New evidence for preserved somatosensory
pathways in complete spinal cord injury: a fMRI study. Hum Brain Mapp. (2018)
39:588-98. doi: 10.1002/hbm.23868

41. Sawicki CM, Kim JK, Weber MD, Faw TD, Mckim DB, Madalena KM, et al.
Microglia promote increased pain behavior through enhanced inflammation in the
spinal cord during repeated social defeat stress. J Neurosci. (2019) 39:1139-49. doi:
10.1523/JNEUROSCI.2785-18.2018

42. Waxman SG, Hains BC. Fire and phantoms after spinal cord injury: Na+
channels and central pain. Trends Neurosci. (2006) 29:207-15. doi: 10.1016/j.tins.2006.
02.003

43. Dugan EA, Jergova S, Sagen J. Mutually beneficial effects of intensive exercise and
Gabaergic neural progenitor cell transplants in reducing neuropathic pain and spinal
pathology in rats with spinal cord injury. Exp Neurol. (2020) 327:113208. doi: 10.1016/j.
expneurol.2020.113208

44.Davari M, Amani B, Amani B, Khanijahani A, Akbarzadeh A, Shabestan R.
Pregabalin and gabapentin in neuropathic pain management after spinal cord injury: a
systematic review and meta-analysis. Korean ] Pain. (2020) 33:3-12. doi: 10.3344/
kjp.2020.33.1.3

45.Giannoni-Luza S, Pacheco-Barrios K, Cardenas-Rojas A, Mejia-Pando PF,
Luna-Cuadros MA, Barouh JL, et al. Noninvasive motor cortex stimulation effects
on quantitative sensory testing in healthy and chronic pain subjects: a systematic
review and meta-analysis. Pain. (2020) 161:1955-75. doi: 10.1097/j.pain.0000000
000001893

46. Donnelly CR, Andriessen AS, Chen G, Wang K, Jiang C, Maixner W, et al. Central
nervous system targets: glial cell mechanisms in chronic pain. Neurotherapeutics. (2020)
17:846-60. doi: 10.1007/s13311-020-00905-7

47.LiY, Ritzel RM, Khan N, Cao T, He ], Lei Z, et al. Delayed microglial depletion
after spinal cord injury reduces chronic inflammation and neurodegeneration in the
brain and improves neurological recovery in male mice. Theranostics. (2020)
10:11376-403. doi: 10.3389/fneur.2019.01413

48. Huynh V, Rosner J, Curt A, Kollias S, Hubli M, Michels L. Disentangling the effects
of spinal cord injury and related neuropathic pain on supraspinal neuroplasticity: a
systematic review on neuroimaging. Front Neurol. (2019) 10:1413. doi: 10.3389/
fneur.2019.01413

49. Vierck C. Mechanisms of below-level pain following spinal cord injury (SCI). J
Pain. (2020) 21:262-80. doi: 10.1016/j.jpain.2019.08.007

50. Viswanath O, Urits I, Burns J, Charipova K, Gress K, Mcnally A, et al. Central
neuropathic mechanisms in pain signaling pathways: current evidence and
recommendations. Adv Ther. (2020) 37:1946-59. doi: 10.1007/s12325-020-01334-w

51.Raja SN, Carr DB, Cohen M, Finnerup NB, Flor H, Gibson S, et al. The
revised International Association for the Study of Pain definition of pain: concepts,

challenges, and compromises. Pain. (2020) 161:1976-82. doi: 10.1097/j.pain.0000
000000001939

frontiersin.org


https://doi.org/10.3389/fneur.2024.1486584
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3390/ijms21207533
https://doi.org/10.1136/jnnp-2020-323150
https://doi.org/10.5535/arm.20081
https://doi.org/10.1038/nrdp.2017.18
https://doi.org/10.1038/nrdp.2017.2
https://doi.org/10.1007/s00500-019-04384-7
https://doi.org/10.4103/1673-5374.255995
https://doi.org/10.1016/S1474-4422(14)70251-0
https://doi.org/10.1093/brain/awab208
https://doi.org/10.1177/20406223221078672
https://doi.org/10.1002/14651858.CD012057.pub2
https://doi.org/10.1002/14651858.CD012057.pub2
https://doi.org/10.2340/16501977-1798
https://doi.org/10.1080/00207140902881007
https://doi.org/10.1080/10790268.2019.1575554
https://doi.org/10.1310/sci1901-78
https://doi.org/10.1016/j.pain.2012.12.007
https://doi.org/10.1002/hbm.23868
https://doi.org/10.1523/JNEUROSCI.2785-18.2018
https://doi.org/10.1016/j.tins.2006.02.003
https://doi.org/10.1016/j.tins.2006.02.003
https://doi.org/10.1016/j.expneurol.2020.113208
https://doi.org/10.1016/j.expneurol.2020.113208
https://doi.org/10.3344/kjp.2020.33.1.3
https://doi.org/10.3344/kjp.2020.33.1.3
https://doi.org/10.1097/j.pain.0000000000001893
https://doi.org/10.1097/j.pain.0000000000001893
https://doi.org/10.1007/s13311-020-00905-7
https://doi.org/10.3389/fneur.2019.01413
https://doi.org/10.3389/fneur.2019.01413
https://doi.org/10.3389/fneur.2019.01413
https://doi.org/10.1016/j.jpain.2019.08.007
https://doi.org/10.1007/s12325-020-01334-w
https://doi.org/10.1097/j.pain.0000000000001939
https://doi.org/10.1097/j.pain.0000000000001939

	Research progress in neuropathic pain after spinal cord injury: a bibliometric study from 2013 to 2024
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Inclusion criteria and exclusion criteria
	2.3 Analysis tool

	3 Results
	3.1 Annual publications
	3.2 Analysis of journals and cited journals
	3.3 Analysis of authors and cited authors
	3.4 Analysis of cited references
	3.5 Analysis of keywords

	4 Discussion
	5 Conclusion and limitations

	References

