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ABSTRACT
Study Design: Bibliometric analysis.

Objectives: This study aimed to highlight the 200 most influential articles related to traumatic spinal cord and spinal column injuries and 
provide an insight of past and current global trends in spinal trauma research.

Methods: The Web of Science database was used to identify the top 200 most cited articles on the topic of traumatic spinal cord injury (SCI) 
and spinal column injuries between using a prespecified algorithm. The articles were manually reviewed; bibliometrics were collected on title, 
first and corresponding authors’ country, institution, journal, publication year, and citation data.

Results: The search string yielded 30,551 articles during 1977–2019. The average time from the publication was 19.5 years. A total of 1356 
authors contributed to 67 different journals, the top 200 most cited articles amassing a total of 88,115 citations and an average 440.6 citations. 
The United States of America (USA) contributed the most with 110 articles; the top institution was the University of Toronto with 34 publications. 
Most studies focused on basic science research on SCI. Keyword analysis revealed the most commonly used keywords: SCI, inflammation, 
apoptosis, incidence/prevalence, and regeneration; four word‑clusters were identified. Institutions from the USA and Canada collaborated the most 
and two major and two minor institutional collaboration subnetworks were identified. Co‑citation analysis detected three main clusters of authors.

Conclusion: This overview of the most cited articles on traumatic spinal cord and spinal column injuries provides insight into the international 
spinal trauma community and the terrain in this field, potentially acting as a springboard for further collaboration development.

Keywords: Bibliometric, spinal column injury, spinal cord injury, spinal injury, spinal trauma

INTRODUCTION

The majority of injuries to the spinal column and spinal 
cord occur as a result of blunt or penetrating trauma in 
the context of road traffic accidents, falls, sport‑related 
injuries, and assaults.[1] Traumatic spinal cord injury (tSCIs) 
and/or traumatic spinal column injuries can present high 
mortality and morbidity rates involving various degree of 
motor, sensory and/or autonomic dysfunction depending on 
severity, location, and management options.[1‑3] The complex 
mechanistic, anatomical and biomechanical characteristics 
of the spinal column, combined with the large number 
of injury patterns according to the level of injury and 
classification system used, have inevitably led to challenges 
in reproducibility of preclinical injury models and clinical 
translation.[1,4] This has created huge variability in treatment 
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options, patient outcomes, education and research output 
and emphasizes the need for the continuous development of 
universally accepted guidelines and experimental protocols. 
Ultimately, spinal trauma has been widely recognized as a 
global health priority in the last decade owing to the huge 
physical, psychological, socioeconomic, and work‑related 
burden; it places on patients, their families, health‑care 
systems, and society.[5‑8]

The devasting consequences of SCI including loss of functional 
independence, high rates of mortality and morbidity, and the 
combination with staggering financial health‑care costs, 
signify the pressing need for better prevention and treatment 
strategies.[9] Most acute spinal injuries have been reported 
to happen in healthy, young males.[1] However, provided the 
global population will continue to rise, the absolute number 
of patients with spinal injuries is also expected to increase, 
particularly in the elderly where more chronic spinal injury is 
prevalent instead, such as degenerative cervical myelopathy.[10] 
Given the shifts in trends and variations according to age, 
regional, demographic and cultural backgrounds, and injury 
mechanisms, it is imperative to monitor and further analyze 
these trends to help coordinate and plan future research and 
strategies on a global scale.

Aim
The aim of this current bibliometric analysis is to highlight 
and present the 200 most prominent and influential research 
articles on the topic of traumatic spinal cord and traumatic 
spinal column injury to provide a more comprehensive picture 
of global trends in spinal injury research, valuable both to 
academics in the field and for advocacy, future projects, but 
also to inform policy‑makers.

MATERIALS AND METHODS

No institutional approval and informed consent was required 
for this study as it constitutes a literature‑based analysis.

Database search strategy
In July 2022, a prespecified, title‑specific algorithm was used 
to identify the articles in the Web of Science (WoS) database 
on the topic of traumatic spinal cord and traumatic spinal 
column injuries. The exact algorithm used is available in full in 
Appendix 1. The following language and category filters were 
used: (1) Language filter: English language, (2) Article category 
filter: “Article”  (original works), “Review.” This resulted in 
the automatic exclusion of other article categories such as 
letters to the editor, errata and conference abstracts. After 
sorting by total citation count, the 200 most cited works were 
manually chosen, after the exclusion of articles that were 
specifically concerned with the topic of osteoporosis‑related 

fractures  (management not usually performed by surgical 
specialties). The bibliometric data of the 200 most cited 
articles were extracted in a “.txt” file form.

Data analysis
The bibliometric analysis of the 200 most cited studies 
was performed using the bibliometrix R package and the 
biblioshiny web application.[11] The titles and abstracts of 
the chosen articles were manually reviewed to find the total 
citation count as per the “Google Scholar” database and to 
sort the articles in one of the following thematic categories:

(1) Basic science studies on SCI (including pathophysiology 
and experimental models); (2) basic science studies on spinal 
column injuries  (including pathophysiology, experimental 
models);  (3) Epidemiology and classification studies on 
SCI;  (4) Epidemiology and classification studies on spinal 
column injuries; (5) Studies on the pre‑hospital management 
of SCI; (6) Studies on the pre‑hospital management of spinal 
column injuries; (7) Studies on the in‑hospital management 
of SCI (including surgical and nonsurgical management); (8) 
Studies on the in‑hospital management of spinal column 
injuries (including surgical and non‑surgical management); (9) 
Studies on the rehabilitation and long‑term management 
of patients with SCI; and (10) Studies on the rehabilitation 
and long‑term management of patients with spinal column 
injuries.

RESULTS

Database search
The WoS database search yielded 30,551 results after the 
application of the aforementioned filters. Subsequently, the 
authors manually reviewed the titles and abstracts of the 
most cited articles and excluded studies that were solely 
focusing on the topic of osteoporotic fractures, resulting in 
the 200 most cited articles concerning spinal cord and spinal 
column trauma.

Basic article characteristics
The articles were published between 1977 and 2019 with 
an average time from publication of 19.5 years. More than 
half of the articles (111/200, 55.5%) were published during 
the 1997–2006 decade. Overall, 1356 authors contributed 
to those articles, published in 67 scientific journals. The 
200 most cited articles amassed a total of 88,115 citations 
with an average number of 440.6 citations per document. 
The majority of the articles were original studies (161/200, 
80.5%), while the rest were literature reviews (39/200, 19.5%). 
Table 1 presents the main characteristics of the 200 most 
cited articles.
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Article categories
More than half (116/200, 58%) of the articles were sorted 
in “Category 1: Basic science studies on SCI.” “Category 3: 
Epidemiology and classification studies on SCI” included 
18/200  (9%) studies, “Category 4: Epidemiology and 
classification studies on spinal column injuries” included 
6/200 (3%) studies, “Category 7: Studies on the in‑hospital 
management of SCI” included 24/200  (12%) studies, 
“Category 8: Studies on the in‑hospital management of 
spinal column injuries” included 5/200 (2.5%) studies. Finally, 
“Category 9: Studies on the rehabilitation and long‑term 
management of patients with SCI” included 55/200 (27.5%) 
studies and “Category 10: Studies on the rehabilitation 
and long‑term management of patients with spinal column 

Table 3: Academic institutions with members that contributed 
in at least 10 studies

Affiliations Number of articles
University of Toronto 34
Ohio State University 29
University of Miami 23
Keio University 20
University of British Columbia 20
Yale University 16
Harvard University 14
University of California Irvine 14
University of California Los Angeles 14
University of California San Diego 14
University of Washington 13
Tehran University of Medical Sciences 12
Kermanshah University of Medical Sciences 10
University of Queensland 10
University of Zurich 10
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Table 2: Corresponding author’s countries

Country Number of articles
United States of America 110
Canada 33
Switzerland 13
Australia 10
Japan 7
United Kingdom 7
Germany 4
Israel 3
Netherlands 3
France 2
Sweden 2
Belgium 1
Italy 1
South Korea 1
Nigeria 1
Portugal 1
Spain 1
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injuries” included 1/200 (0.5%) studies. Categories “2: Basic 
science studies on SCI”, “5: Studies on the prehospital 
management of SCI” and “6: Studies on the prehospital 
management of spinal column injuries” did not include 
any studies. Eighteen studies were included in more than 
one category.

Authorship analysis
Based on the corresponding author’s affiliation, authors 
from the United States of America  (USA) contributed 
more than half  (110/200, 55%) of the 200 most cited 
articles, followed by Canada  (33/200, 16.5%). In fact, 
199/200 articles were contributed by the authors residing 
in “High‑Income Countries” as per “The World Bank.”[12] 

Only one corresponding author was affiliated with an 
institution in a “Lower Middle‑Income Country” (Nigeria). 
The breakdown for all articles is presented in Table  2. 
When considering all authors, the University of Toronto 

Table 5: Most commonly used keywords

Author’s keywords Occurrences
Spinal cord injury 79
Inflammation 15
Apoptosis 13
Incidence/prevalence 10
Regeneration 10
Epidemiology 9
Functional recovery 7
Microglia 7
Astrocyte 6
Macrophages 6

Figure 1: Bradford’s law. Sources in the highlighted grey area are those with a particular interest on the topic as indicated by the number of highly cited 
publications

Table 4: Most important and impactful authors on the topic

Name Number of articles Total number of citations
Fehlings MG 17 8365
Tuszynski MH 9 4034
Young W 8 6017
Beattie MS 8 4052
Bresnahan JC 7 3775
Nakamura M 7 2964
Bracken MB 6 5306
Schwab ME 6 2298
Wilberger JE 5 4808
Perot PL 5 4013
Shepard MJ 5 4013
Tator CH 5 3720
Okano H 5 2065
Toyama Y 5 2065
Jones LL 5 2044
Devivo MJ 5 1991
Dietz V 5 1794

Figure 2: Clusters of keywords. Figure presenting the association between 
the most commonly used keywords
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was the institution represented in the highest number of 
articles with 34, followed by Ohio State University (n = 29) 
and the University of Miami (n = 23). Table 3 presents all 
institutions with affiliated authors with contributions in 
at least ten of the articles. Table 4 presents the names of 
all authors with at least five publications amongst the 200 
most cited articles, alongside the total number of articles 
contributed and the total number of citations that those 
articles have received.

Journal publication analysis
The five journals which published the most articles were the 
“Journal of Neuroscience”  (https://www.jneurosci.org/) with 
21/200  (10.5%) articles, the “Spinal Cord” journal  (https://
www.nature.com/sc/) with 13/200 (6.5%) articles, the “Archives 

of Physical Medicine and Rehabilitation”  (https://www.
archives‑pmr.org/) and the “Journal of Neurotrauma” (https://
home.liebertpub.com/publications/journal‑of‑neurotrauma/39/
overview) with 12/200 (6%) articles each, and the “Experimental 
Neurology” journal  (https://www.sciencedirect.com/journal/
experimental‑neurology) with 10/200 (5%) articles. According 
to Bradford’s law[13]  [Figure 1], the aforementioned journals 
have published more than one‑third of the 200 most cited 
articles (68/200, 34%).

Keywords analysis
Table  5 presents the 10 most commonly used keywords 
used by the authors for their articles. As expected, 
“spinal cord injury” was by far the most commonly used 
keyword. It was followed by “inflammation”, “apoptosis”, 
“incidence/prevalence,” and “regeneration”. Analysis of 
author’s keywords revealed four word‑clusters  [Figure  2]. 
The bigger cluster included words such as “spinal cord 
injury,” “epidemiology,” “incidence/prevalence,” “mortality,” 
“quality of life.” The second cluster contained words such as 
“inflammation”, “regeneration”, “microglia,” and “astrocyte.”

Collaborations analysis
Figure  3 i l lustrates the col laborations between 
countries  (minimum collaboration frequency  =  5) in the 
selected 200 most cited articles. A  considerable number 
of collaborations was revealed between the USA and 
Canada  (n  =  14), Germany  (n  =  10), UK  (n  =  10), and 
Japan (n = 7).

Analysis of institutional collaborations  [Figure 4] revealed 
two major and two minor collaboration subnetworks. The 
first major subnetwork included 11 universities, all from 
North America (USA and Canada) except Karolinska University 
from Sweden. The second major subnetwork included 10 
institutions from USA, Japan, UK, Australia, and Switzerland.

Figure 3: Collaborations between countries. Figure highlighting the collaborations between countries

Figure  4: Clusters of collaborating institutions. Figure highlighting the 
collaborations between institutions

https://www.jneurosci.org/
https://www.nature.com/sc/
https://www.nature.com/sc/
https://www.archives%E2%80%91pmr.org/
https://www.archives%E2%80%91pmr.org/
https://home.liebertpub.com/publications/journal%E2%80%91of%E2%80%91neurotrauma/39/overview
https://home.liebertpub.com/publications/journal%E2%80%91of%E2%80%91neurotrauma/39/overview
https://home.liebertpub.com/publications/journal%E2%80%91of%E2%80%91neurotrauma/39/overview
https://www.sciencedirect.com/journal/experimental%E2%80%91neurology
https://www.sciencedirect.com/journal/experimental%E2%80%91neurology
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Co‑citation analysis was implemented to discern the topic 
relationships between the articles based on citation lists. 
Three clusters of authors were identified and are presented in 
Figure 5. The first cluster (red) included 14 authors, whereas the 
second (blue) and the third (green) included 18 authors each.

DISCUSSION

This bibliometric analysis highlights the 200 most prominent 
articles published up until 2022 and dealing with the subject 
of traumatic spinal cord and spinal column injuries, thus 
enabling the identification of the most impactful work on 
the topic as well as the evaluation of knowledge gaps that 
could fuel future research efforts, advocacy, and policy 
design.

With a total of 88,115 citations and an average of 440.6 
citations per article among the 200 most cited articles, 
research in the themes of traumatic spinal cord and column 
injury has resulted in some highly impactful studies. Most 
articles were published at the start of the 21st century, which 
seems to be related to advancements/discoveries in the 
fields of stem cell biology, spinal cord plasticity, and related 
biotechnology.[14]

More than half of the articles in this bibliometric analysis 
focused on preclinical studies on SCI, which may reflect 
the limitations in the reproducibility (difficulty of applying 
pre‑clinical concepts in clinical research) of experimental 
models and subsequent difficulties in conducting clinical 
studies, owing to the concerns in safety and efficacy.[15,16] 
Another contributing factor may be the limited number 

of replication studies that act as confirmation of a certain 
methodology or therapeutic drug, owing to lack of funding, 
reluctance to perform such studies, and difficulty in 
co‑operation between research groups. In turn, this can 
affect the funding and generation of highly impactful clinical 
research as seen by the relatively low proportion of clinical 
studies in our bibliometric analysis.[2,16] Finally, this could 
also be explained, in part, by the fact that clinical research 
tends to receive less citations than basic‑science research.[17,18] 
Nevertheless, there were some clinical studies too that scored 
well in this analysis, demonstrating the continuous efforts 
in translating basic to clinical science and toward finding 
meaningful treatment options for SCI. Interestingly, most of 
the yielded results involving clinical studies actually focused 
on SCI  (48.5%), with only a few involving spinal column 
injuries (6%). This discrepancy may be due to the complexity 
of the spinal column and the various injury patterns that can 
occur, making the development of standardized experimental 
protocols challenging; as well as the lack of well‑established 
international datasets on spinal column injuries available for 
researchers worldwide.[1,4,19] Furthermore, the relatively low 
number of spinal column studies could be attributed to our 
search strategy, as our algorithm searched for both spinal 
cord and spinal column studies in tandem.

This analysis confirms that most of the authors of the highly 
influential work on the subject reside in North America 
or Europe. There are several factors that may contribute 
to regional imbalances. The shortage of neurosurgeons in 
Africa and some parts of Asia compared to North America 
and Europe is well known.[20,21] In addition, the latter 
regions benefit from better resourced health‑care systems, a 

Figure 5: Co-citation analysis, highlighting co-citation networks
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plethora of prestigious academic facilities, larger information 
technology infrastructures to be able to report and store 
data, and greater availability of diagnostic equipment.[22] This 
further emphasizes the lack of epidemiological, basic science, 
and clinical studies conducted in low‑ and middle‑income 
countries,[23] where the fewer clinicians per capita are 
proportionally busier with clinical rather than academic work.

Unsurprisingly, the top five journals included in this analysis 
have contributed 34% of the 200 most cited articles, and 
originate in the US and Europe, with a focus on preclinical 
and clinical neuroscience, neurotrauma, and rehabilitation. 
A  collaboration analysis also revealed that international 
research networks exist between various institutions in the 
US, Canada, Europe, and Japan. Although a hopeful step 
toward better management of spine trauma, there is a huge 
and growing need to address the global burden of spine 
trauma on society through greater collaboration between 
low‑income, low‑middle‑income, and high‑income countries, 
establishment of research and data networks, and provision of 
training through educational programmes and international 
conferences.[6‑8,24]

Most cited articles
The most cited article included in this analysis was published 
in 1990 by Bracken et  al. and is titled “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.” This was a landmark 
study  (1839 citations on WoS, 3407 citations in Google 
Scholar) that suggested the use of methylprednisolone for 
24 h in SCI patients presenting within 8 h of injury, something 
that was initially widely adopted. In the following decades, 
this has become and still remains a highly controversial 
topic, as many questions were raised regarding the adverse 
effects of steroids and the validity of the study, with many 
subsequent studies producing conflicting results.[25‑27] This 
ultimately led to most guidelines not recommending routine 
use of methylprednisolone in SCI patients and highlights 
the need for more robust clinical trial designs and further 
research into the pharmacological options for SCI.[28]

The second article to be featured and the most cited in 
“Category 1: Basic science studies on SCI” is by Bradbury 
et  al.  (2002) and is titled “Chondroitinase ABC promotes 
functional recovery after spinal cord injury.” It was 
demonstrated that chondroitin sulphate proteoglycans are 
inhibitory molecules produced at sites of central nervous 
system injury and that these can be degraded using 
chondroitinase ABC (ChABC) to promote axon regeneration, 
plasticity and recovery in rats. The “ChABC for Spinal Injury 

Therapy consortium” is currently working towards making 
human clinical trials possible. Unfortunately, two decades 
later on there is still some way to go before this is possible.[29]

The third most cited article is the reference for the 2011 
revision of the International Standards for Neurological 
Classification of SCI.[30] This classification, which is revised 
periodically,[31] constitutes the gold standard method for the 
assessment and documentation of SCI. It is to be expected 
that the reference for such an important classification system 
ranks in the top 3 most cited articles on the topic of spine 
trauma.

The fourth most cited article in this list and the most cited 
of the spinal column trauma‑related literature is by Francis 
Denis, an orthopedic surgeon in the US.[32] His work on “The 
three column spine and its significance in the classification of 
acute thoracolumbar spinal injuries” was widely used before 
more modern classification systems evolved, such as the 
“AOSpine thoracolumbar spine injury classification system: 
Fracture description, neurological status, and key modifiers,” 
which is another article included in this analysis.[33]

While we focused on the 200 most cited articles in the 
traumatic spinal column and spinal cord literature, it is worth 
noting that Li et al. have recently published a bibliometric 
analysis including only SCI articles from 1999 to 2019.[34] 
Similarly to our findings, USA was the most impactful country, 
with the University of Toronto contributing the most articles. 
Both bibliometric analyses revealed the same most cited 
author (MG Fehlings), whereas the Spinal Cord journal was 
the first and second most cited journal in the aforementioned 
study and our current bibliometric analysis, respectively. 
While the Li et al. study focused only on SCI, we highlight 
some important research efforts in the field of spinal column 
trauma.

Future research perspectives
Over the last decades, great progress has been made in 
elucidating the complex mechanisms surrounding spinal 
cord and spinal column injuries. However, the absence of 
clinically proven treatments for SCI, as well as persisting 
differences and a lack of consensus in relation to guidelines 
and research methodologies across the international 
community suggest that there is still a great deal to be 
done before clinical translation is achieved.[35] Some of the 
bibliometric trends that emerged in our analysis include a 
decline in stem cell research in the last decade (2010‑2019), 
with most articles  (>70%) published before 2010, along 
with an emerging interest in rehabilitation/walking after 
SCI using assistive devices  (e.g.,  ReWalk Exoskeleton). 
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Moreover, the proportion of publications by European and 
Australasian (Israel, Australia, Japan, South Korea) countries 
from 1977 to 2003 (top 50% of most cited articles) to 2003–
2019 (bottom 50% of most cited articles) increased by 69% and 
50%, respectively, whilst North America has seen a drop by 
21%. Meanwhile, only one African country (Nigeria) has been 
featured in our analysis, in 2011, with no representation by 
South America, India or China. Given the huge populations 
and absolute numbers of SCI patients in these countries, 
there is significant potential to amplify SCI research output 
and create more collaboration research networks.[36] Many 
patients and scientists alike have expressed their frustration 
regarding these shortcomings and advocate for greater 
cooperation and patient involvement to help set future 
research agendas.[37] In addition, growing evidence suggests 
that combined approaches, which can be guided by patient 
priorities, may be more effective than single therapeutic 
interventions at addressing the short‑term and long‑term 
complications arising in SCI patients.[38] Priority setting 
partnerships, clinical trial design, patient recruitment and 
participation, international collaboration, and accessibility to 
research are some of the key areas that need to be addressed 
before clinical translation is possible.[16,36,39] www.SciTrials.
org is a website that enables users (patients and healthcare 
professionals) to identify past, present and future clinical 
trials on various topics related to traumatic SCI.[40]

Limitations
We acknowledge limitations in our bibliometric analysis. As 
a consequence of using WoS for database search, articles 
not indexed in WoS were automatically omitted. However, 
WoS is the preferred database to use as per the Biblioshiny 
app developers.[11] Some level of language‑based selection 
bias may have been introduced as a result of our decision 
to only include studies written in English. We aimed to 
present only the top 200 most cited articles, thus many 
high‑quality papers with lower citation counts may have been 
missed despite their impact on the community. Inevitably, 
some recent articles were not captured owing to the 
expected lower total citation counts of those more recently 
published studies. The first author and their corresponding 
country were used which may not accurately reflect global 
collaborative trends due to the remaining authors not being 
accounted for. Nevertheless, we believe that this analysis 
captures a realistic snapshot of trends in the literature 
relevant to spinal trauma research.

CONCLUSION

This bibliometric analysis provides a comprehensive overview 
of the most cited studies in the field of traumatic spinal 
research, including both spinal cord and spinal column 

injuries. Such information is useful for both service planning 
and delivery as well as advocacy, policy, novel project 
design, and hopefully a springboard for further collaborative 
investment, financial as well as organizational.
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APPENDIX

Appendix 1: Exact algorithm used for database search
TI=(“spinal cord injur*” OR “traumatic myelopathy” OR “post‑traumatic myelopathy” OR “post traumatic myelopathy” OR 
“spinal cord contusion” OR “spinal cord laceration” OR “spinal cord transection” OR “spinal cord trauma” OR “traumatic spine” 
OR “traumatic spinal” OR “traumatic vertebral” OR “spine trauma” OR “spinal trauma” OR “vertebral trauma” OR “vertebral 
column trauma” OR “spinal column trauma” OR “spine injur*” OR “spinal injur*” OR “vertebral injur*” OR “vertebral column 
injur*” OR “spinal column injur*” OR “spine fracture*” OR “spinal fracture*” OR “vertebral fracture*” OR “vertebral column 
fracture*” OR “spinal column fracture*” OR “spine compression fracture*” OR “spinal compression fracture” OR “vertebral 
compression fracture*” OR “vertebral column compression fracture*” OR “spinal column compression fracture*” OR “spine burst 
fracture*” OR “spinal burst fracture” OR “vertebral burst fracture*” OR “vertebral column burst fracture*” OR “spinal column 
burst fracture*” OR “spine dislocation” OR “spinal dislocation*” OR “vertebral dislocation*” OR “spinal column dislocation*” 
OR “vertebral column dislocation*” OR “spine displacement” OR “spinal displacement*” OR “vertebral displacement *” OR 
“spinal column displacement*” OR “vertebral column displacement*” OR “spine subluxation*” OR “spinal subluxation*” OR 
“vertebral subluxation*” OR “spinal column subluxation*” OR “vertebral column subluxation*” OR “whiplash injur*” OR 
“hangman fracture*” OR “hangman’s fracture*” OR “chance fracture*”).

Filters

English

Article or review article


