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ABSTRACT Objective: The aim of this study was to investigate the
present situation of spinal cord injury studies in our country, and pro-
vide awareness for following investigations. Material and Methods:
We searched the articles about spinal cord injury using Web of Science
database. Evaluations based upon publication data. Bibliometric as-
sessments were carried out using VOSviewer. Results: 1,609 articles
were described associated with spinal cord injury in Tirkiye. Spinal
cord injury, spinal cord, paraplegia, rat and metilprednisolone were the
top 5 ranked keywords unlike the world literature and up-to date trends.
The number of publications per year increased from 2007 to 2013. The
maximum number of publications was in 2013 and then started to de-
crease in 2014. Although there was an increase in the number of pub-
lications in 2015 compared to 2014, the decrease in the number of
publications continued to increase over the years. Conclusion: This re-
search extensively examined the facts of spinal cord injury studies in
our country. Results can be interpreated that the interest of researchers
in our country on spinal cord injury has decreased. The results of this
study can also supply information to the researchers releated to spinal
cord injury worlwide and an awareness base for following projects in
the future.
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OZET Amag: Bu galismanin amact, iilkemizde omurilik yaralanmasi
ile ilgili calismalarin mevcut durumunu arastirmak ve bundan sonraki
arastirmalar i¢in farkindalik saglamaktir. Gereg¢ ve Yontemler: Web of
Science veri tabanini kullanarak iilkemizde yapilan omurilik yaralan-
mast ile ilgili makaleleri taradik. Bibliyometrik degerlendirmeler ise
VOSviewer kullanilarak yapildi. Bulgular: Tirkiye’de omurilik yara-
lanmasiyla ilgili 1.609 makale tanimlandi. Omurilik yaralanmasi, omur-
ilik, parapleji, rat ve metilprednizolon, diinya literatiiriinden ve giincel
trendlerden farkli olarak ilk 5°te yer alan anahtar kelimeler oldu. 2007
yilindan 2013 yilina kadar yillik yayin sayisinin artig géstermis oldu-
gunu tespit ettik. En fazla yayin sayis1 2013 yilinda olmus olup daha
sonra 2014 yilinda azalmaya baslamistir. 2015 yilinda 2014 yilina gére
yayin sayisinda artis olmasina ragmen bu yildan sonra iilkemizden ya-
pilan yayin sayisi yillar gegtikce azalmaya devam etmistir. Sonug: Bu
arastirma, iilkemizdeki omurilik yaralanmasi arastirmalart ile ilgili kap-
saml1 bir inceleme imkani sunmaktadir. Sonuglar tilkemizdeki arastir-
macilarin spinal kord yaralanmasina olan ilgisinin azaldig1 seklinde
yorumlanabilir. Bu ¢aligmanin sonuglart ayn1 zamanda diinya ¢apinda
spinal kord yaralanmasi ile ilgili aragtirmacilara bilgi saglayabilir ve
gelecekte yapilacak projeler i¢in bir farkindalik olusturabilir.

Anahtar Kelimeler: Spinal kord hasari;
bibliyometrik degerlendirme; rehabilitasyon

Spinal cord injury (SCI) causes many dysfunc-
tions including motor, sensory, autonomic compo-
nents and has many complications leading to
debilitating conditions on physical, psychological and
social functions. SCI and its complications also cause

economic burden to patients and society. The tech-
nological and medical advances in rehabilitation have
improved the life quality of individuals with SCI. SCI
is one of the most investigated topic in global litera-
ture because of its increasing prevalance and the lack
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of an efficacious treatment.' It is important to shape
the future studies by providing a knowledge base
about recent trends, hot topics and spatial structure
of the SCI researches in our country.

Bibliometrics is a methodology to assess the re-
searches in an area in terms of publication quality,
topics and status. Bibliometric studies supplies a short
summarisation of the literature. VOSviewer is a vi-
sual and bibliometric investigation software computer
program for bibliometric mapping developed by van
Eck and Waltman.” It produces searching maps based
on network data about co-authorships, co-occurence,
citation, bibliographic coupling, co-citations, research
hotspots and trends. The number of bibliometric anal-
ysis is increasing in all science disciplines worlwide.
In the literature there are studies assessing the global
outputs about SCI.>* Our study aims to evaluate the
present scientific stature of SCI studies in our coun-
try and describe a knowledge base for future re-
searches. The importance of our study is the lack of
a study in the literature consisting of our country re-
ality about SCI publications.

I MATERIAL AND METHODS

We downloaded all the articles from our country
using Web of Science (WoS) with the keywords
“spinal cord injury” or “spinal cord injur” or “para-
plegia” or “tetraplegia” in the all fields search with-
out time period limitations (Access date: 10.10.2023).
We excluded countries except for Tiirkiye and
Tiirkiye. We searched the articles based upon publi-
cation data (publication years, researcher profiles, au-
thors, web of sciences categories, citation topics, web
of science index, affiliations, publication titles, re-
search areas were obtained). We prefered WoS for
searching publications because it is a more trustwor-
thy database compared with others. Bibliometric web
visualizations (analysis of keywords, network visual-
isation mapping for current trend key words, collab-
oration and co-occurrence analysis) were carried on
using VOSviewer (version 1.6.10) program package.

The visual information formed by VOSviewer
contains lines and nodes. Nodes symbolize items like
institutions, authors, cited references and lines be-
tween nodes symbolize co-citation, co-occurring re-

lations. The dimension of each node shows how
often the item published or referenced and it is cor-
related with the frequence of occurrence. The con-
necting lines show co-occurrence between two
nodes, and the thickness of the lines shows the
power of the co-occurrence. Node and line colors
show different years.

Cluster Analysis is made by VOSviewer to de-
scribe representations and relations between complex
datasets. It classifies data items into groups called
clusters. Classifying data sets according to their sim-
ilarities and differences helps researchers to have per-
ceptions about the fundamental structure of data. The
cluster map of timeline allows indication of investi-
gation trends. The study protocol was appropriate in
accordance with the Declaration of Helsinki.

Bibliographic coupling analysis of the authors
were also done by using VOSviewer. Bibliographic
coupling analysis helps to find the amount of com-
mon references cited in two articles so it identifies
the similarity relation between publications. Bibli-
ographic coupling happens when two studies refer-
ence a same third study in their references and helps
researchers to find out previous related researches.?

I RESULTS

A total of 1,609 articles about SCI were indexed in
WoS from Tiirkiye or Tiirkiye. The number of arti-
cles per year increased steadily from 2007 to 2013.
The maximum number of publications was in 2013
and then started to decrease in 2014. Although there
was an increase in the number of publications in 2015
compared to 2014, the decrease in the number of pub-
lications continued to increase over the years. Figure
1 shows the number of publications per year.

Figure 2 shows the top 10 ranked countries pro-
ducing the most articles where Tiirkiye was in 15%
place after Sweden.

A visual expedition of authors that published ar-
ticles on SCI by publication counts are showed in
Figure 3. Hacettepe University, Istanbul University
and Giilhane Military Medical Academy were the top
3 ranked institutions by publication count. Spinal
Cord (n=89), Journal of Spinal Cord Medicine
(n=80), and Turkish Neurosurgery (n=58) were the
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FIGURE 1: The number of publications per year.
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FIGURE 2: The top 10 ranked countries producing the most articles.

top 3 ranked journals by publication count. Clinical
Neurology (582), Surgery (361), Rehabilitation (260)
were the top 3 web of science categories. Neuro-
sciences Neurology (703), Surgery (361), Rehabili-
tation (260) were the top 3 research areas. A total of
1,387 publications were indexed in Science Citation
Index-expanded, 159 publications indexed in Emer-
gency Sources Citation Index and 74 in Social Sci-
ences Citation Index.

Figure 4 shows a key word cluster analysis in a
form of network visualization map. Each color inti-
mates the clustering among the key words. The di-

mension of the circles shows the frequence of this
keyword. The thickness of the lines shows the key
words usually used together in similar researches.
There were 3,033 key words used in 1,609 articles.
These words included 10 key words that were used at
least in 50 articles. SCI, spinal cord, paraplegia, rat,
metilprednisolone were the top 5 ranked keywords.
Neuroprotection, rehabilitation, lipid peroxidation,
oxidatice stress and spinal cord injuries were the
other keywords.

Figure 5 shows network visualisation mapping
for current trend key words based on our analysis.
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FIGURE 3: The authors that published articles on spinal cord injury by publication counts.
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FIGURE 4: A key word cluster analysis in a form of network visualization map.

Current publications were seen from purple to yellow
in the indicator. Rats, sexuality, quality of life were
the keywords with an increased number in recent
years. Bibliographic coupling analysis of the authors
is shown in Figure 6.

I DISCUSSION

In our study the most productive journals were Spinal
Cord, Journal of Spinal Cord Medicine and Turkish
Neurosurgery. In Kiraz and Demir bibliometric study



caspase

mri neugbllcellosns
myelopéroxidase °
- - magnetic resc‘nce imaging
histopathologys sup&oxit.iismutaﬁ compligations
© surgical tfeatment
tnf-alpha g ‘Qe

gta nerce

metht.exa‘e

¢ UJL‘?

Q.
© resv

trol

@
LY
anexiletine anti-inflammatory bladder  SHibe

4

-
spinaliinjury
brgin

free Qdica? b °
\
trauma

na+-k+/mg+2 atpase

injlry @

fracture

injury

spinal c@iel injury

‘/

& VOSviewer |

1990 2000

o
ics

—tetri ! stmke

bone mingral density
-

cerebral palsy

quality of life
astic

Lity

: &
S bladger mianagement

igtermitmnt 5atheteriza

eWe.olog
tutey

pressure ulcer
-

2010 2020

FIGURE 5: A network visualisation mapping for current trend key words.
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FIGURE 6: Bibliographic coupling analysis of the authors.




about worlwide global scientific outputs on SCI be-
tween 1980 and 2018 the most productive journals
were Spinal Cord, Archives of Physical Medicine and
Rehabilitation and Journal of Neurotrauma, the most
proliferous countries were United States of America,
China, and Canada.’ There was a statistically signif-
icant correlation between the number of publications
about SCI and the gross domestic product of the
countries’. They found that the current trend key
words were neuroplasticity, cell transplantation, neu-
ral regeneration, axon regeneration, neural stem cells,
autophagy, oxidative stress, inflammation, glial scar.
Up-to date trends were usually about cellular level of
molecular therapies. Regeneration, transplantation,
inflammation, astrocytes, plasticity, microglia,
macrophage and locomotion were the keywords used
in the top cited articles. Unlike the world literature
and up-to date trends in our study SCI, spinal cord,
paraplegia, rat and metilprednisolone were the 5
ranked keywords.

Li et al. analyzed the global trends in SCI during
the last 20 years. They declared, there was an incre-
ment in the number of publications between 1999 and
2019. This result suggests that researches in SCI were
in an advancing status of growth and development.
Unfortunately in our country number of publications
in SCI decreased after 2014. It can be interpreated as
a decrease of interest in researchers about SCI.
United States of America was the leader country in
terms of H index, citation and publication count. H-
index of United States of America was 196. In our
study, H-index of Tiirkiye was 58. United States of
America was also at the centre of SCI research. This
might be related to the economic development level
of the countries and so the huge total of funds in-
ducted in SCI studies. Co-occurrence analysis
showed a broad collaboration between countries.
United States of America had the most collabora-
tionisms and China was the 2. Although China’s aca-
demic effect was presently low, researchers in China
were enthusiastic to work together and the investiga-
tion circumstances in China was developing.*

12 clusters were proceeded with the analysis of
co-occurring keywords; neuroprotection, apoptosis,
paraplegia, differentiation, family, quality of life, re-
sponse, methylprednisolone, cervical spine, tetraple-

gia and microglia. Between 1999 and 2002, there
were 12 clusters. Between 2003 and 2008, amount of
influential researches and the number of clusters de-
creased. Stem cells, neuropathic pain, differentiation,
neuron outgrowth, activation and mortality were the
research hotspots. Research topics were more het-
erogeneous between 2009 and 2019, with research
hotspots focused on epidemiology and cervical spine,
disease, microglia, apoptosis, quality of life were the
main clusters. Usually, researches converged on nat-
ural history, pathology and interventions of SCI. Epi-
demiology has become a popular research area later,
supporting evidence about global prevalence and inci-
dence of SCI. In our country the epidemiologic stud-
ies are limited.*® Considering the trends according to
changing keywords over the years in our country; be-
tween 2008-2010 lipid peroxidation, methylpredniso-
lene, superoxide dismutase and neuroprotection were
the research hotspots. Between 2010-2015 neuropro-
tection, oxidative stress and rats, between 2015-2020,
methylprednisole, neuroprotection, lipid peroxidation
and between 2020-2022 rat, apopitosis, neuroprotec-
tion were the research hotspots. Our results showed
that there is not much changes in trends over the years
in our country. This can also be caused because of
the careless selection of keywords.

In the literature there are bibliometric studies on
pain after SCI and treatments of SCI with the trends
inflammation, individual, and central sensitization.’
Glucocorticoid usage in SCI was also identified bib-
liometrically.!® The publication rate and amount
showed a trend for stem cell theraphies in SCI. Stem
cell transplantation, tissue engineering, recovery of
motor function, neural regeneration and exosomes
were the current research areas in this field. Future re-
search points were especially about molecular mecha-
scaffolds and
inflammatory responses of stem cell therapy for SCI.!!

nisms, hydrogels, exosomes,
In our study keywords with an increased number in re-
cent years were rats, sexuality and quality of life show-
ing the focus of current direction in SCI field is quite

different in our country from the world perspective.

Unlike the study subjects conducted in our coun-
try there is an increase in number of publications
about electroactive materials and SCI. University of
Toronto is the most productive institution in this



search area. The most of authors are from the United
States of America and China. Published articles about
electroactive materials and SCI were mainly about
functional rehabilitation, carbon-based materials and
surgery. The function and mechanism of injectable
hydrogels in spinal cord healing was a hotspot,
mainly focalising on the inhibition of oxidative stress
and apoptosis.'?

Researches on SCI-induced neurogenic bladder
includes rehabilitation, urology, nephrology and clin-
ical neurology and it is still a hot topic also in our
country that will continue to produce a significant re-
search interest for future.' Another bibliometric
study revealed that SCI rehabilitation studies before
2005 concerned the beginning phase when solutions
were found to ordinary problems, between 2005-
2011 there was an expeditious progress when solu-
tions were found to main problems, and after 2011
there was a slow progress. The decrease in yearly
study development since 2011 shows a growth prob-
lem and maybe a tiredness in this area. Muscle
strength, walking, wheelchair training, life satisfac-
tion, gait were the hot spots of these research studies,
whereas adult, exoskeleton, plasticity, classification
were research frontiers according to keyword analy-
sis unlike the hot spots and research frontiers in the
studies conducted in our country. There is a need of
higher quality researches about new issues and tech-
nologies such as stem cell therapy, brain—computer
interface, artificial intelligence and global scientific
research cooperation for all researchers.'* The main
limitation of our study is that it did not involve the
other databases. As WoS indexes journals with high
impact factor we think it is more reliable, also in-
cluding other databases causes recurring analysis of
the same article.

I CONCLUSION

This summary can highlight the researchers about
the current information on SCI publications (top-
ics, distribution by years, trend topics studied) in
our country. Results can be interpreated that the in-
terest of researchers in our country on SCI has de-
creased over the years. Supplying more sources for
clinical and basic studies associated with SCI is es-
sential for the enhancement of SCI rehabilitation in
our country. The results of this study can also sup-
ply information to the researchers releated to SCI
and an awareness base for following projects in the
future.
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