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Background: Spinal cord injury (SCI) has devastating physical and social consequences

for patients. Systemic administration of methylprednisolone (MP) at a higher dosage

though can reduce neurological deficits following acute SCI. Still, this treatment regimen

is controversial, owing to the apparent dose-related side effects and relatively minor

improvement in neurological function. Therefore, this study aimed at the bibliometric

analysis of published literature related to SCI treatment, which may lead to future

research trends.

Methods: The literature published relating to SCI and using glucocorticoids for

its treatment between 1982 and 2022 was collected and scanned in the Web of

Science collection database using the keywords glucocorticoid, dexamethasone, MP,

corticosteroids, and SCI, followed by using VOSviewer for bibliometric analysis of

these articles.

Results: A total of 1,848 published articles and 7,448 authors on SCI and glucocorticoid

usage were identified. The SCI total link strength accounts for 1,341, and MP for 762 has

a strong link to neuroprotection and inflammation. The mean citation count for the top 20

most-cited articles was 682 (range: 358–1,828), where most of these were descriptive

studies having focused on clinical features. The Journal of Neurotrauma was the highest-

ranked journal with 6,010 citations. A total of 69 articles were published by Michael G

Fehlings from the University of Toronto with 6,092 citations. The University of Toronto

has published 90-related manuscripts with 7,632 citations. In contrast, 800 articles were

published in the United States, with 39,633 citations and total link strength of 5,714. The

second-ranked country was China, with 241 published articles and 3,403 citations.

Conclusions: The research published on applying MP in treating SCI has increased

with time. Although the United States has made a significant global contribution to

this important field of research, it requires rigorous clinical trials designed to verify

the therapeutic role of MP in SCI and its appropriate dosage to find solutions for

neurological recovery.
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INTRODUCTION

Spinal cord injury (SCI) can lead to sensory and motor nerve
dysfunction and even autonomic loss in patients, drastically
affecting the physical and social characteristics of patients with an
added financial burden to health systems (1). As many as half a
million people damage their spinal cord each year (2). For almost
all of them, the injury will be life-changing. Acquired SCI has
a variety of causes (3), such as traumatic events, inflammatory,
infective, and neoplastic. The most common and severe injuries
to SCI are traumatic in nature. Traumatic injuries lead to variable
degrees of permanent neurological dysfunction. Because the poor
prognosis of SCI is yet not addressed, the disability rate for this
disease is extremely high (4).

The bibliometric analysis is a statistical methodwith the ability
of quantitative analysis of published research papers related to
a specific topic employing various mathematical models (5),
enabling the analysis of thousands of published articles related
to a defined research field and could help reveal top prominent
publications and authors, collaborative linkages between authors
and active journals (1). Furthermore, it helps access quality
studies, identifies key research areas, and may help to predict
future research directions (6). The Web of Science (WOS) online
database is one of the most reputable citation databases, which
includes almost all significant research papers and has a great
influence and authority worldwide (6). In this study, WOS search
results were exported to VOSviewer software for further analysis
to derive research directions and priorities in selected areas (7).

To date, no bibliometric analysis of glucocorticoids usage
in SCI has been reported yet. Due to the unavailability of
an appropriate treatment protocol for SCI (8), the disability

FIGURE 1 | The distribution depicts years of publication, and the number of citations received.

rate remains high (9). MP pulse therapy is a definitive
treatment for SCI (10), generating diverse opinions among
various authors. Hence, more knowledge could be extracted from
published research (11). Our study takes the novel perspective
of bibliometrics and attempts to understand the pros and cons
of current treatment options and an exploration of future
research directions.

METHODS

The global articles about SCI and glucocorticoids between 1982
and 2022 were searched in WOS from database inception to
February 20, 2022. The search terms were presented as follows:
glucocorticoid, dexamethasone, MP, corticosteroids, and SCI.

The information extracted met the preset requirements,
which comprised basic information about literature such as
counts of citation, title, year of publication, and journal. This
information was exported into several text formats. All data
were retrieved on the 20th of February 2022. The data were
exported into a VOSviewer (version 1.6.18 Leiden University,
Leiden, Netherlands) software for further analysis, which could
generate map and cluster visualization (6, 12).

RESULTS

Bibliometric Analysis of Annual Publication
Output From 1982 to 2022
About 1,848 publications about SCI and glucocorticoids were
identified in the WOS database between 1982 and 2022, such
as 1,477 (79.92%) original research articles, 227 (12.28%) review
articles, and 144 other forms of publications, such as editorials,
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FIGURE 2 | Mapping on analysis of keywords in spinal cord injury and glucocorticoid publications. (A) Co-occurrence of keywords. (B) Word cloud. “spinal cord

injury,” “MP,” “neuroprotection,” and “inflammation” occurred most commonly.

proceedings, etc. Among them, 1,324 (75.7%) papers were
published before December 30, 2015, followed by an increasing
trend of 70 published papers/year in the WOS core database,
where the highest number of studies was published in 2016 (89
papers). The distribution depicting years of publication and the
number of citations received are presented in Figure 1.

Analysis of the Keywords and Visualization
The keywords in published papers that appeared more than
five times in the WOS core database were selected for the final
analysis. Among 3,087 keywords, 209 met the threshold. The
most apparent keywords were SCI (total link strength of 1,341)
and MP (total link strength of 762), both of which were strongly
linked to neuroprotection and inflammation. For the comparison
of SCI, apoptosis and trial were the additional keywords used,
which had a link strength of >200 (Figure 2A). Similarly, we
created a word cloud that reflected a visual representation of
keywords that appeared more than ten times. Nevertheless, the
analysis indicated that SCI and MP were the most frequent
keywords, followed by trauma, recovery, and inflammation
(Figure 2B).

Bibliometric Analysis of Publications,
Attribution, and Citations From 1982 to
2022
The top 20 most cited articles in terms of SCI and glucocorticoid
are presented in Table 1. Most were clinical trial studies
and reviews. Concurrently, the rest was experimental research
articles that mainly focused on neuroprotection, inflammation,
and animal model studies. The mean citation count for
the top 20 most-cited articles was 682 (range: 358–1828).
All papers were published between 1990 and 2017, and
the most journals were the Journal of Neuroscience, with
four papers.

A total of 638 journals have published papers about SCI
and glucocorticoids, among which 36 published more than five
relevant articles. A total of 434 relevant articles were published in
the top ten active journals, accounting for 68.03% of publications
in the WOS core database. The Journal of Neurotrauma was
the highest-ranking journal in terms of the number of articles
published, with a current impact factor (IF) of 5.269 and 102
relevant articles published from 1982 to 2022, followed by Spine
with 75 publications and an IF of 3.468. The most-cited journal
was the Journal of Neurotrauma which received 6,010 citations,
followed by Experimental Neurology with 4,527 citations and an
IF of 5.33 (Figure 3).

Based on the number of publications, the top ten countries,
organizations, and authors in SCI and glucocorticoids are
listed in Table 2. The results indicated that 90 articles were
published by the University of Toronto and cited 7,632 times,
a top-ranked-cited organization. Among 90 articles, 69 were
written by Michael G Fehlings and cited 6,092 times. The
65 articles were published by the University of California
with 5,287 citations. The production of different countries is
represented in Figure 4 according to their distribution on the
world map, with different colors used to represent the order of
magnitude of output. Furthermore, 800 papers were published
in the United States with total citations of 39,633 and a total
link strength of 5,714, which conferred the US the top rank,
followed by China with 241 published papers and 3,403 citations
(Figure 5).

Burst detection analysis results of organizations are indicated
in Figure 6, showing that Zhejiang University China has made
more contributions and achievements in SCI and glucocorticoids
research in recent years, followed by Shanghai Jiao Tong
University, China.

As indicated in Figure 7A, four themes of SCI and
glucocorticoid studies were observed. The blue cluster involved
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TABLE 1 | Top 20 articles on Spinal cord injury (SCI) and glucocorticoid in Web of Science from 1982 to 2022.

Titles Journals Publication

years

Total

citations

Average per

Year

A randomized, controlled trial of methylprednisolone or naloxone in the

treatment of acute spinal cord injury. Results of the Second National Acute

Spinal Cord Injury Study (10).

The New England Journal of

Medicine

1990 1828 55.39

Graded histological and locomotor outcomes after spinal cord contusion

using the NYU weight-drop device versus transection (13).

Experimental Neurology 1996 1139 42.19

Reactive astrocytes protect tissue and preserve function after spinal cord

injury (14).

Journal of Neuroscience 2004 1084 57.05

Administration of methylprednisolone for 24 or 48 h or tirilazad mesylate for

48 h in the treatment of acute spinal cord injury—Results of the Third

National Acute Spinal Cord Injury Randomized Controlled Trial (15).

JAMA 1997 952 36.62

Apoptosis and delayed degeneration after spinal cord injury in rats and

monkeys. (16).

Nature Medicine 1997 912 35.08

Epidemiology, demographics, and pathophysiology of acute spinal cord

injury (17)

Spine 2001 827 37.59

CNS injury, glial scars, and inflammation: Inhibitory extracellular matrices

and regeneration failure (18)

Experimental Neurology 2008 713 47.53

Microglia activated by IL-4 or IFN-gamma differentially induce neurogenesis

and oligodendrogenesis from adult stem/progenitor cells (19)

Molecular and Cellular

Neuroscience

2006 634 37.29

Effect of intravenous corticosteroids on death within 14 days in 10008

adults with clinically significant head injury (MRC CRASH trial): randomized

placebo-controlled trial (20)

Lancet 2004 625 32.89

Guidelines for the conduct of clinical trials for spinal cord injury as

developed by the ICCP panel: spontaneous recovery after spinal cord injury

and statistical power needed for therapeutic clinical trials (21)

Spinal Cord 2007 555 34.69

Early vs. Delayed Decompression for Traumatic Cervical Spinal Cord Injury:

Results of the Surgical Timing in Acute Spinal Cord Injury Study

(STASCIS)(22)

Plos One 2012 544 49.45

Spinal-cord injury (23) Lancet 2002 537 25.57

Methylprednisolone or naloxone treatment after acute spinal cord injury:

1-year follow-up data. Results of the second National Acute Spinal Cord

Injury Study (24)

Journal of Neurosurgery 1992 518 16.71

Traumatic spinal cord injury (25) Nature Reviews Disease

Primers

2017 429 71.5

From basics to clinical: A comprehensive review on spinal cord injury (26). Progress in Neurobiology 2014 417 46.33

Experimental modeling of spinal cord injury: Characterization of a

force-defined injury device (27).

Journal of Neurotrauma 2003 401 20.05

Recovery of motor function after spinal-cord injury–a randomized,

placebo-controlled trial with GM-1 ganglioside (28).

The New England Journal of

Medicine

1991 395 12.34

Schwann cell but not olfactory ensheathing glia transplants improve

hindlimb locomotor performance in the moderately contused adult rat

thoracic spinal cord (29).

Journal of Neuroscience 2002 386 18.38

The neuroprotective pharmacology of methylprednisolone (30). Journal of Neurosurgery 1992 386 12.45

MASCIS evaluation of open field locomotor scores: Effects of experience

and teamwork on reliability (31).

Journal of Neurotrauma 1996 358 13.26

SCI diagnosis and clinical features. The red cluster involved
animal models and key molecular regulatory mechanisms.
The yellow cluster involved recovery of nerve function and
stem cell transplant and the green cluster involved clinical
effects and complications of high-dose MP application.
Concurrently, Figure 7B demonstrates the network map
of trend topics according to the keywords used from
1982 to 2022, where purple to yellow indicators show
publications. The highly cited literature belonged to the
pre-2015 era, with research mainly focused on the molecular

mechanisms of neurological recovery and the study of neural
stem cells.

According to the clinical research topic of the green cluster
shown in Figure 7, we used the Cochrane Handbook and
Newcastle–Ottawa Scale method to screen relevant clinical
research literature, included all eligible randomized, controlled
trials (RCTs), and controlled observational studies that compared
MPS against placebo or no treatment in adult patients with
acute SCI (11, 32). As shown in Table 3, according to the
results of clinical use of methylprednisolone in SCI patients,

Frontiers in Public Health | www.frontiersin.org 4 August 2022 | Volume 10 | Article 907372

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Zhang et al. Bibliometric Analysis SCI and MP

FIGURE 3 | (A) Histogram of the top ten most-cited journals in the field of spinal cord injury and glucocorticoids, with journals of neurotrauma, spine, and spinal cord

in the top three. (B) Top ten most published journals, with Journal of Neurotrauma having far more articles than any other nine journals, reaching 6,010.

it can be seen that there are different prognosis conclusions,
and the time span is from year 1990 to 2019. There were 17
of these eligible clinical studies, eight in the United States and
four in Japan. There are 3 studies, including the NASCIS II
study that suggests that MP can improve neurological function
in SCI patients, two of which are RCT studies. However, 11
studies, including 1 RCT, concluded that it did not improve
neurological function. The studies that concluded that the use
of high-dose MP resulted in increased complications in SCI
patients accounted for 53.3% (8/15) of all studies, including
two RCTs. Among these studies, the H-index of The New
England Journal of Medicine published by Bracken et al. (10)
was significantly higher than that of other journals, and the H-
index of journals published by other institutes was almost at the
same level.

DISCUSSION

Spinal cord injury remains a thorny public health problem
globally. Various academic institutions join hands to find an
appropriate treatment protocol for SCI. The medical journals
with high impact, namely the New England Journal of Medicine
and JAMA, have already reported the therapeutic effect of MP
in SCI treatment in the early 80s. This study analyzed 1,848
publications about SCI and glucocorticoids indexed in WOS
core database. The published literature included three aspects:
clinical characteristics, animal experimentation, and molecular
mechanisms. The most frequent keyword “spinal cord injury” is
strongly linked to neuroprotection and inflammation.

Bibliometric analysis of publications, attribution, and citations
gives us a holistic view of the development of the field. The
Journal of Neurotrauma had published more than 102 relevant
articles, far more than the 75 articles in the second place in
Spine journal. Experimental Neurology had the highest average
number of citations per article at 150. Six of the top ten impact
institutions are located in the USA, with 800 publications in
the field, more than the other nine countries combined. The
United States has a high H-index of 106, indicating that it is
the leader in this field. China has the second-highest number
of publications, with 241, but it lags in citations and H-index.
Canada’s 166, and Canada’s H-index of 57, is a close second
to that of the USA. Although the USA has contributed to this
important field, the most-cited article came from the University
of Toronto, Canada. In terms of several publications, citations,
and H-index, the top three authors were Fehlings, Michael G,
Bracken, MB, and Young, W; all of them were from Canadian
and US university institutions. This laid the foundation for the
protocol for using MP, which also led to a rapid rise in SCI
articles related to MP from 1990 onward, reaching 70 articles per
year. In recent years, Zhejiang University and Shanghai Jiao Tong
University in China have been outstanding research contributors
in this field. Since 2011, Zhejiang University has published 14
articles with an average citation frequency of 12.29 and an H-
index of 8. Its publications focused on animal experiments on
different drugs for SCI and the application of materials science
in SCI; Shanghai Jiao Tong University published 12 articles
with an average citation frequency of 20.67 and an H-index of
7. Its publications include stem cell transplantation, molecular
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TABLE 2 | The top ten countries, organizations, and authors of spinal cord injury

and glucocorticoid publications.

Subject Number of

publications

Count of

citations

H-index

Countries/Region

USA 800 39633 106

China 241 3403 28

Turkey 166 3512 33

Canada 166 11011 57

Japan 85 3850 34

Germany 88 3562 28

England 68 5189 30

Italy 62 3262 27

South Korea 51 1972 22

Taiwan 38 949 20

Organizations

University of Toronto 90 7632 41

University of California System 65 5287 28

University Health Network Toronto 63 5675 34

Jefferson University 52 3311 26

University of Miami 45 2471 22

Hacettepe University 41 912 19

University of British Columbia 40 3148 24

Us Department of Veterans Affairs 38 1398 18

Veterans Health Administration VHA 38 1398 18

Yale University 36 5594 21

Authors

Fehlings, michael G 69 6092 36

Bracken, MB 31 5054 17

Young, W 23 5182 18

Hall, ED 21 1809 16

Sargon, Mustafa Fevzi 20 327 13

Banik, NL 19 898 16

Vaccaro, Alexander R 19 459 12

Kwon, BK 18 782 13

Kilinc, K 16 341 12

Wilson, Jefferson R 16 1434 13

mechanisms of SCI, the application of materials science in SCI,
and clinical studies on SCI. Other leading Chinese institutions in
this field include Sun Yat-sen University and Nanjing University,
but it can be found that Chinese institutions have a late start in
this field and their academic results remain far from those of the
USA and Canada.

The protocol for the clinical application of MP stems from
the completion of three large randomized clinical trials, the
National Acute Spinal Cord Injury Study (NASCIS). The second
of these NASCIS studies had the greatest impact on using MP
in clinical practice (10, 15, 48), which were the most highly
cited papers in SCI treatment utilizing MP. This result led to
the widespread use of MP 24-h treatment protocol (30 mg/kg
bolus injection followed by a 5.4 mg/kg/h infusion over 23 h)
for SCI patients who arrived at the hospital within 8 h of injury

(10, 24). The NASCIS III study from 16 acute spinal cord injury
centers in North America in 1997 even suggested that using MP
was initiated in a 3–8 h time frame after SCI injury and that MP
treatment group had better neurological recovery performance
with continued use for 48 h (15).

However, using high-dose MP through intravenous
administration in acute SCI has become controversial due to the
risk of potential side effects and small positive effect sizes. It was
thus reasonable to speculate that most side effects of high-dose
MP therapy are tightly linked to the high systemic dosage of MP,
which resulted in further health complications especially greater
risks of gastrointestinal tract bleeding (49), aseptic necrosis of
femoral head (50), and destruction of neurons and glia (51).
Increasingly, voices have begun to question the reliability of the
results of the second NASCIS survey study, with animal models
and in vitro neuronal research indicating that high MP doses do
not significantly promote neuronal cell proliferation (52) and
could not result in significant improvements in neurological
recovery in SCI model animals (53).

The efficacy of the NASCIS-II regimen was also questioned by
the results of several clinical studies, including RCT conducted by
TMatsumoto, which concluded that elderly patients with cervical
spinal cord injury were more likely to experience pulmonary
side effects after high-dose MPSS treatment (44), in addition
to RCT conducted by V Pointillart, which did not observe
any particular signs of neurological improvement with MP
(45). Many retrospective studies have concluded that using MP
significantly increases associated complications and does not
improve exercise scores in SCI patients (32, 33, 35–37, 39–43).
However, the authors of this manuscript found that most of these
questionable studies were retrospective studies with relatively
weak-quality evidence which were assessed using the Newcastle–
Ottawa Scale, and small sample sizes and that confounding
factors regarding age, severity of SCI, timely and comprehensive
assessment of motor and sensory recovery, and timing of surgical
interventions that may affect the neurological prognosis of SCI
patients could not be controlled. Furthermore, most studies did
not specify care details to prevent complications. All factors that
were not mentioned in most retrospective studies and could
not be controlled for confounding included the use or non-use
of neurotrophic drugs and their duration, strict adherence to
NASCIS-II protocol, using urinary catheterization, ventilators,
proton pump inhibitors, and whether the patient underwent
regular rehabilitation exercises during the recovery phase. The
small size of each study, combined with the presence of more
confounding factors, may also be a cause of biased information
and inconsistent conclusions. These clinical studies had been
conducted in various parts of the world, such as North America,
Asia and Europe, and it is possible that ethnic differences may
affect the results to some extent. Interestingly, the authors of
this paper also checked for conflicts of interest in these clinical
studies and found that the methylprednisolone used in a study
was provided by the Upjohn Corporation (10). In a separate
study, Pharmacia and Upjohn Inc funded additional tests and
monitored data quality at participating centers (15).

Despite this, there was a change in the views of frontline
surgeons on the need for high-dose use of MP therapy when
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FIGURE 4 | The distribution of the top productive world countries on papers. The top 5 productive countries were USA, China, Turkey, Canada, and Japan.

FIGURE 5 | Bibliometric analysis of citations. (A) Mapping on cited authors shows that Michael G Fehlings of the University of Toronto is the most cited author. (B)

Among cited institutions, the University of Toronto in the blue cluster is the most cited organization. (C) Mapping on cited countries, the USA is the most cited country

in the field.
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FIGURE 6 | Burst detection analysis of organizations.

FIGURE 7 | (A) Distribution of the themes. The yellow cluster represents studies of recovery of nerve function. The blue cluster indicates diagnosis and clinical

features. The red cluster involves molecular regulatory mechanisms. (B) Average year map of keywords used from 1982 to 2022.
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TABLE 3 | Literature comparison methylprednisolone applied to clinical outcomes of patients with SCI.

References Journal Country Publication

year

Publication

types

Groups size outcomes Total

citations

H-index of

Journal

MP control difference in

neurological

function

difference in

adverse

events

Bracken. (10) The New England

Journal of

Medicine

USA 1990 RCT 162 171 YES NO 1828 993

Satoshi Tsutsumi et al. (33) Spine Japan 2006 Observational

study

37 33 YES NO 37 228

Wang et al. (34) Pakistan Journal

of Medical

Sciences

China 2019 RCT 39 39 YES NO 4 26

Sunshine et al. (35). Anesthesia and

Analgesia

USA 2017 Observational

study

160 151 NO NO 12 187

Evaniew et al. (32). Journal of

Neurotrauma

Canada 2015 Observational

study

44 44 NO YES 79 132

Khan et al. (36). Spinal Cord USA 2014 Observational

study

216 134 Not Covered YES 16 97

Ito et al. (37). Spine Japan 2009 Observational

study

38 41 NO YES 66 228

Suberviola et al. (38) Injury Spain 2008 Observational

study

59 23 NO YES 70 109

Pollard et al. (39) Spine USA 2003 Observational

study

104 200 NO Not Covered 116 228

Heary et al. (40) Neurosurgery USA 1997 Observational

study

31 193 NO NO 69 183

Gerndt et al. (41) The journal of

Trauma

USA 1997 Observational

study

93 47 Not Covered YES 110 168

Levy et al. (42) Neurosurgery USA 1996 Observational

study

55 181 NO NO 73 183

Prendergast et al. (43) The journal of

Trauma

USA 1994 Observational

study

29 25 NO Not Covered 34 168

Matsumoto et al. (44) Spine Japan 2001 RCT 23 23 Not Covered YES 131 228

Pointillart et al. (45) Spinal Cord France 2000 RCT 27 25 NO YES 189 97

Chikuda et al. (46) Emergency

Medicine Journal

Japan 2014 Observational

study

824 800 NO YES 64 71

Ilik et al. (47) The Turkish

Journal of Trauma

and Emergency

Surgery

Turkey 2019 Observational

study

95 87 NO YES 29 20

MP, methylprednisolone; RCT, randomized controlled trial.
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treating SCIs (54, 55). By balancing the available perspectives
and evidence, the 2013 AANS/CNS SCI guidelines discourage
MP use in SCI and downgrade it from a Class I evidence
level to Class III (56). However, in the absence of new robust
evidence in this field, Michael G Fehlings published AOSpine
guidelines in the Global Spine Journal in 2017, which still
recommends offering patients a 24-h infusion of MP as a
treatment option within 8 h of acute SCI (57). The 2019
guidelines from China on spinal cord injury suggest that high-
dose MP therapy is no longer routinely used for acute SCI, but
remains an optional treatment in some cases (58). However,
French recommendations for the management of patients with
spinal cord injury are that steroids are not recommended for
early use to improve neurological prognosis (59). As a result,
spinal or neurosurgical surgeons worldwide continue to find it
tricky to use MP in SCI patients. Moreover, most developing
countries often feel helpless in responding to the 8-h MP
treatment protocol proposed by the US Acute Spinal Cord Injury
Center. Due to the relative paucity of medical resources and
the inadequacy of the medical system, developing countries are
not as responsive to acute patients as developed countries, and
most SCI patients often arrive at the hospital more than 8 h
later. The choice of their medication regimen is also another
major challenge.

Therefore, further prospective randomized cohort studies
are required to confirm and update the current conclusions
regarding the weak quality of the currently questioned studies
to increase the sample size and better control for potential
confounding factors such as age, the severity of injury, and
duration of intervention.

CONCLUSIONS

With an ever-increasing number of publications about using MP
in SCI, it is important to assess the quality of such many research
papers and gain valuable information. Although scientific and
medical research plays a vital role in understanding SCIs, this
study demonstrated the need for a more rigorous prospective
clinical trial design to validate the role of MP in SCI and explore
more rational use protocols.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

YZ and A-AL conceived and designed the study, conducted the
data collection, and wrote the manuscript. S-NX, N-SZ, W-LT,
and S-JW performed the analysis and generated the figures and
tables. J-ML and Z-LL critically reviewed the manuscript. All
authors have read and approved the manuscript.

FUNDING

This work was supported by the Double Thousand Plan
Talent Project of Jiangxi Province and Department of
Science and Technology Program of Jiangxi Province, China
(No. 20203BBG73045).

REFERENCES

1. Kiraz M, Demir EA. Bibliometric analysis of publications on spinal

cord injury during 1980-2018. World Neurosurg. (2020) 136:e504–13.

doi: 10.1016/j.wneu.2020.01.064

2. Holmes D. Spinal-cord injury: spurring regrowth. Nature. (2017) 552:S49.

doi: 10.1038/d41586-017-07550-9

3. Hutson TH, Di Giovanni S. The translational landscape in spinal cord injury:

focus on neuroplasticity and regeneration. Nat Rev Neurol. (2019) 15:732–45.

doi: 10.1038/s41582-019-0280-3

4. Zhang BY, Chang PY, Zhu QS, Zhu YH. Decoding epigenetic codes: new

frontiers in exploring recovery from spinal cord injury. Neural Regen Res.

(2020) 15:1613–22. doi: 10.4103/1673-5374.276323

5. Ahmad P, Slots J. A bibliometric analysis of periodontology. Periodontol 2000.

(2021) 85:237–40. doi: 10.1111/prd.12376

6. Yu Y, Li Y, Zhang Z, Gu Z, Zhong H, Zha Q, et al. A bibliometric analysis using

VOSviewer of publications on COVID-19. Ann Transl Med. (2020) 8:816.

doi: 10.21037/atm-20-4235

7. Ma D, Yang B, Guan B, Song L, Liu Q, Fan Y, et al. A bibliometric

analysis of pyroptosis from 2001 to 2021. Front Immunol. (2021) 12:731933.

doi: 10.3389/fimmu.2021.731933

8. Saghazadeh A, Rezaei N. The role of timing in the treatment

of spinal cord injury. Biomed Pharmacother. (2017) 92:128–39.

doi: 10.1016/j.biopha.2017.05.048

9. Ma JK, West CR, Martin Ginis KA. The effects of a patient and

provider co-developed, behavioral physical activity intervention on physical

activity, psychosocial predictors, and fitness in individuals with spinal

cord injury: a randomized controlled trial. Sports Med. (2019) 49:1117–31.

doi: 10.1007/s40279-019-01118-5

10. Bracken MB, Shepard MJ, Collins WF, Holford TR, Young W, Baskin DS,

et al. A randomized, controlled trial of methylprednisolone or naloxone in

the treatment of acute spinal-cord injury. results of the Second National

Acute Spinal Cord Injury Study. N Engl J Med. (1990) 322:1405–11.

doi: 10.1056/NEJM199005173222001

11. Liu Z, Yang Y, He L, Pang M, Luo C, Liu B, et al. High-dose

methylprednisolone for acute traumatic spinal cord injury: a meta-analysis.

Neurology. (2019) 93:e841–50. doi: 10.1212/WNL.0000000000007998

12. Stephan P, Veugelers R, Wang J. Reviewers are blinkered by bibliometrics.

Nature. (2017) 544:411–2. doi: 10.1038/544411a

13. Basso DM, Beattie MS, Bresnahan JC. Graded histological and

locomotor outcomes after spinal cord contusion using the NYU

weight-drop device versus transection. Exp Neurol. (1996) 139:244–56.

doi: 10.1006/exnr.1996.0098

14. Faulkner JR, Herrmann JE, Woo MJ, Tansey KE, Doan NB, Sofroniew MV.

Reactive astrocytes protect tissue and preserve function after spinal cord

injury. J Neurosci. (2004) 24:2143–55. doi: 10.1523/JNEUROSCI.3547-03.2004

15. Bracken MB, Shepard MJ, Holford TR, Leo-Summers L, Aldrich EF, Fazl M,

et al. Administration of methylprednisolone for 24 or 48 hours or tirilazad

mesylate for 48 hours in the treatment of acute spinal cord injury. results

of the Third National Acute Spinal Cord Injury Randomized Controlled

Trial National Acute Spinal Cord Injury Study. JAMA. (1997) 277:1597–604.

doi: 10.1001/jama.277.20.1597

16. Crowe MJ, Bresnahan JC, Shuman SL, Masters JN, Beattie MS. Apoptosis and

delayed degeneration after spinal cord injury in rats and monkeys. Nat Med.

(1997) 3:73–6. doi: 10.1038/nm0197-73

17. Sekhon LH, FehlingsMG. Epidemiology, demographics, and pathophysiology

of acute spinal cord injury. Spine (Phila Pa 1976). (2001) 26(Suppl. 24):S2–12.

doi: 10.1097/00007632-200112151-00002

Frontiers in Public Health | www.frontiersin.org 10 August 2022 | Volume 10 | Article 907372

https://doi.org/10.1016/j.wneu.2020.01.064
https://doi.org/10.1038/d41586-017-07550-9
https://doi.org/10.1038/s41582-019-0280-3
https://doi.org/10.4103/1673-5374.276323
https://doi.org/10.1111/prd.12376
https://doi.org/10.21037/atm-20-4235
https://doi.org/10.3389/fimmu.2021.731933
https://doi.org/10.1016/j.biopha.2017.05.048
https://doi.org/10.1007/s40279-019-01118-5
https://doi.org/10.1056/NEJM199005173222001
https://doi.org/10.1212/WNL.0000000000007998
https://doi.org/10.1038/544411a
https://doi.org/10.1006/exnr.1996.0098
https://doi.org/10.1523/JNEUROSCI.3547-03.2004
https://doi.org/10.1001/jama.277.20.1597
https://doi.org/10.1038/nm0197-73
https://doi.org/10.1097/00007632-200112151-00002
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Zhang et al. Bibliometric Analysis SCI and MP

18. Fitch MT, Silver J, CNS. Injury, glial scars, and inflammation: inhibitory

extracellular matrices and regeneration failure. Exp Neurol. (2008) 209:294–

301. doi: 10.1016/j.expneurol.2007.05.014

19. Butovsky O, Ziv Y, Schwartz A, Landa G, Talpalar AE, Pluchino S, et al.

Microglia activated by IL-4 or IFN-gamma differentially induce neurogenesis

and oligodendrogenesis from adult stem/progenitor cells. Mol Cell Neurosci.

(2006) 31:149–60. doi: 10.1016/j.mcn.2005.10.006

20. Roberts I, Yates D, Sandercock P, Farrell B, Wasserberg J, Lomas G,

et al. Effect of intravenous corticosteroids on death within 14 days

in 10008 adults with clinically significant head injury (MRC CRASH

trial): randomised placebo-controlled trial. Lancet. (2004) 364:1321–8.

doi: 10.1016/S0140-6736(04)17188-2

21. Fawcett JW, Curt A, Steeves JD, Coleman WP, Tuszynski MH, Lammertse

D, et al. Guidelines for the conduct of clinical trials for spinal cord injury as

developed by the ICCP panel: spontaneous recovery after spinal cord injury

and statistical power needed for therapeutic clinical trials. Spinal Cord. (2007)

45:190–205. doi: 10.1038/sj.sc.3102007

22. FehlingsMG, Vaccaro A,Wilson JR, Singh ADWC, Harrop JS, Aarabi B, et al.

Early versus delayed decompression for traumatic cervical spinal cord injury:

results of the Surgical Timing in Acute Spinal Cord Injury Study (STASCIS).

PLoS ONE. (2012) 7:e32037. doi: 10.1371/journal.pone.0032037

23. McDonald JW, Sadowsky C. Spinal-cord injury. Lancet. (2002) 359:417–25.

doi: 10.1016/S0140-6736(02)07603-1

24. Bracken MB, Shepard MJ, Collins WF Jr, Holford TR, Baskin DS, Eisenberg

HM, et al. Methylprednisolone or naloxone treatment after acute spinal cord

injury: 1-year follow-up data. results of the second national acute spinal cord

injury study. J Neurosurg. (1992) 76:23–31. doi: 10.3171/jns.1992.76.1.0023

25. 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

26. Silva NA, Sousa N, Reis RL, Salgado AJ. From basics to clinical: a

comprehensive review on spinal cord injury. Prog Neurobiol. (2014) 114:25–

57. doi: 10.1016/j.pneurobio.2013.11.002

27. Scheff SW, Rabchevsky AG, Fugaccia I, Main JA, Lumpp JE. Jr. Experimental

modeling of spinal cord injury: characterization of a force-defined injury

device. J Neurotrauma. (2003) 20:179–93. doi: 10.1089/08977150360547099

28. Geisler FH, Dorsey FC, Coleman WP. Recovery of motor function

after spinal-cord injury–a randomized, placebo-controlled trial

with GM-1 ganglioside. N Engl J Med. (1991) 324:1829–38.

doi: 10.1056/NEJM199106273242601

29. Takami T, Oudega M, Bates ML, Wood PM, Kleitman N, Bunge

MB. Schwann cell but not olfactory ensheathing glia transplants

improve hindlimb locomotor performance in the moderately contused

adult rat thoracic spinal cord. J Neurosci. (2002) 22:6670–81.

doi: 10.1523/JNEUROSCI.22-15-06670.2002

30. Hall ED. The neuroprotective pharmacology of methylprednisolone. J

Neurosurg. (1992) 76:13–22. doi: 10.3171/jns.1992.76.1.0013

31. Basso DM, Beattie MS, Bresnahan JC, Anderson DK, Faden AI, Gruner JA,

et al. MASCIS evaluation of open field locomotor scores: effects of experience

and teamwork on reliability. multicenter animal spinal cord injury study. J

Neurotrauma. (1996) 13:343–59. doi: 10.1089/neu.1996.13.343

32. Evaniew N, Noonan VK, Fallah N, Kwon BK, Rivers CS, Ahn H, et

al. Methylprednisolone for the treatment of patients with acute spinal

cord injuries: a propensity score-matched cohort study from a Canadian

multi-center spinal cord injury registry. J Neurotrauma. (2015) 32:1674–83.

doi: 10.1089/neu.2015.3963

33. Tsutsumi S, Ueta T, Shiba K, Yamamoto S, Takagishi K. Effects of

the Second National Acute Spinal Cord Injury Study of high-dose

methylprednisolone therapy on acute cervical spinal cord injury-results

in spinal injuries center. Spine (Phila Pa 1976). (2006) 31:2992–6.

doi: 10.1097/01.brs.0000250273.28483.5c

34. Wang W, Zuo B, Liu H, Cui L. intermittent injection of methylprednisolone

sodium succinate in the treatment of cervical spinal Cord injury

complicated with incomplete paraplegia. Pak J Med Sci. (2019) 35:141–5.

doi: 10.12669/pjms.35.1.211

35. Sunshine JE, Dagal A, Burns SP, Bransford RJ, Zhang F, Newman SF, et al.

Methylprednisolone therapy in acute traumatic spinal cord injury: analysis

of a regional spinal cord model systems database. Anesth Analg. (2017)

124:1200–5. doi: 10.1213/ANE.0000000000001906

36. Khan MF, Burks SS, Al-Khayat H, Levi AD. The effect of steroids on the

incidence of gastrointestinal hemorrhage after spinal cord injury: a case-

controlled study. Spinal Cord. (2014) 52:58–60.

37. Ito Y, Sugimoto Y, Tomioka M, Kai N, Tanaka M. Does high dose

methylprednisolone sodium succinate really improve neurological status in

patient with acute cervical cord injury?: a prospective study about neurological

recovery and early complications. Spine (Phila Pa 1976). (2009) 34:2121–4.

doi: 10.1097/BRS.0b013e3181b613c7

38. Suberviola B, González-Castro A, Llorca J, Ortiz-Melón F, Miñambres E. Early

complications of high-dose methylprednisolone in acute spinal cord injury

patients. Injury. (2008) 39:748–52. doi: 10.1016/j.injury.2007.12.005

39. PollardME, Apple DF. Factors associated with improved neurologic outcomes

in patients with incomplete tetraplegia. Spine (Phila Pa 1976). (2003) 28:33–9.

doi: 10.1097/00007632-200301010-00009

40. Heary RF, Vaccaro AR, Mesa JJ, Northrup BE, Albert TJ, Balderston RA,

Cotler JM. Steroids and gunshot wounds to the spine. Neurosurgery. (1997)

41:576–83. doi: 10.1227/00006123-199709000-00013

41. Gerndt SJ, Rodriguez JL, Pawlik JW, Taheri PA, Wahl WL, Micheals AJ, et

al. Consequences of high-dose steroid therapy for acute spinal cord injury. J

Trauma. (1997) 42:279–84. doi: 10.1097/00005373-199702000-00017

42. Levy ML, Gans W, Wijesinghe HS, SooHoo WE, Adkins RH, Stillerman

CB. Use of methylprednisolone as an adjunct in the management of patients

with penetrating spinal cord injury: outcome analysis. Neurosurgery. (1996)

39:1141–8. doi: 10.1097/00006123-199612000-00014

43. Prendergast MR, Saxe JM, Ledgerwood AM, Lucas CE, Lucas WF. Massive

steroids do not reduce the zone of injury after penetrating spinal cord injury.

J Trauma. (1994) 37:576–9. doi: 10.1097/00005373-199410000-00009

44. Matsumoto T, Tamaki T, KawakamiM, Yoshida M, AndoM, Yamada H. Early

complications of high-dose methylprednisolone sodium succinate treatment

in the follow-up of acute cervical spinal cord injury. Spine (Phila Pa 1976).

(2001) 26:426–30. doi: 10.1097/00007632-200102150-00020

45. Pointillart V, Petitjean ME, Wiart L, Vital JM, Lassié P, Thicoipé M, et al.

Pharmacological therapy of spinal cord injury during the acute phase. Spinal

Cord. (2000) 38:71–6. doi: 10.1038/sj.sc.3100962

46. Chikuda H, Yasunaga H, Takeshita K, Horiguchi H, Kawaguchi H, Ohe K, et

al. Mortality and morbidity after high-dose methylprednisolone treatment in

patients with acute cervical spinal cord injury: a propensity-matched analysis

using a nationwide administrative database. Emerg Med J. (2014) 31:201–6.

47. Ilik K, Keskin F, Erdi MF, Kaya B, Karataş Y, Kalkan E. The effects of steroids
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