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ABSTRACT

Background: Research trends in Spinal Cord Injury (SCI) rehabilitation remain relatively
unexplored within the scientific literature. Despite increasing interest, there is a notable lack
of comprehensive bibliometric analysis to map and synthesize global research trends in SCI
rehabilitation, especially over the last three decades. Materials and Methods: We conducted
a detailed bibliometric analysis using data extracted from the Web of Science (WoS) Core
Collection and Scopus databases, covering the period from 1993 to 2023. The analysis employed
both qualitative and quantitative approaches, utilizing bibliometric software tools such as
VOSviewer to examine publication outputs, journals, authors, institutions, countries, cited
references, keywords, and emerging terms in the field. Specific attention was given to identifying
trends in technological interventions and research frontiers in SCI rehabilitation. Results: This
study identified 1,377 unique articles for further analysis. The United States emerged as the
leading contributor to SCI research, followed by Canada and Australia. Among institutions,
the University of Toronto was the most active, with significant contributions also from the
University of Groningen and the University of British Columbia. The top research fields in SCI
rehabilitation were Neuroscience and Neurology, followed by Sports Science and General and
Internal Medicine. Additionally, this study highlighted key thematic areas shaping the field,
including recovery and function, social and psychological aspects, neurological and medical
complications, assessment and measurement, and psychological well-being. Conclusion: This
bibliometric study underscores SCl rehabilitation as a mature and expanding research field with
significant global collaboration. However, there is a pressing need for higher-quality research
to further advance the field. Our findings offer valuable insights for researchers to shape future
research directions and enhance the impact of SCl rehabilitation studies.

Keywords: Bibliometric analysis, Spinal Cord Injury, Historical analysis, Keyword analysis, Citation
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Spinal Cord Injury (SCI) is an extremely serious condition
characterized by various levels of sensory and motor impairment
that typically leads to significant problems with physical function
and mobility."! Therefore, SCI will impact a patient's psychological
and social well-being and increase healthcare costs.”! SCI can
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result from traumatic events such as Motor Vehicle Accidents
(MVA),! falls, sports and recreation® or non-traumatic events
such as degenerative disc diseases,’ tumours,” malignant,®
transverse myelitis®! and any other unknown causes. However,
falling could result in an expanding public health issue due to
the rise in the older population in industrialized countries.
Individuals with SCI face a variety of daily challenges, including
pain,'® neurogenic bowel and bladder dysfunction'?
reduction in strength,* endurance,'*'""! cardiorespiratory
fitness,"®  flexibility,'*”! and functional mobility,"® which
consequently impact body function™'*! participation level,?*
employment™! and Quality of Life (QOL).* Therefore, to create

Journal of Scientometric Research, Vol 14, Issue 1, Jan-Apr, 2025



Ong, et al.: Bibliometric Analysis of SCI Rehabilitation Research Trends

efficient rehabilitation techniques and maximize functional
results, it is crucial to identify and analyze the current trend
of research on SCI rehabilitation for the mapping of scientific
publications.

These emerging trends in SCI rehabilitation research are likely
to have significant implications for the future of the field. As
technological innovations continue to evolve, we can expect a
transformation in rehabilitation practices, with a greater reliance
on robotics, virtual reality, and telehealth to deliver more effective
and accessible care. The varying publication intensities across
different countries likely reflect differences in research funding,
healthcare infrastructure, and national priorities related to SCI
rehabilitation. Countries with higher publication intensities
may have more robust research ecosystems that prioritize SCI
rehabilitation, resulting in a greater output of innovative studies
and clinical applications. Analyzing the publication intensities
reveals that countries with emerging research initiatives in SCI
rehabilitation are beginning to contribute more significantly to
the global knowledge base. This shift suggests a democratization
of research contributions, where diverse perspectives and
approaches are increasingly influencing the development of the
field.

Bibliometric analysis quantitatively evaluates scientific
publications to identify research trends, collaborations, and
thematicevolution.? Additionally,several previousbibliometric
analyses have explored trends in SCI rehabilitation®!
highlighting the evolving focus on neurorehabilitation and
assistive technologies. Despite significant advances in SCI
rehabilitation, there remains a gap in understanding how these
research trends translate into clinical practices. Therefore, this
study not only maps the existing literature but also delves into the
implications of these trends, providing a critical analysis that can

guide future research and policy-making in the field.

Unlike previous study that primarily focused on general trends
and only 2 decades,” this analysis uniquely emphasizes the
evolution of technological interventions over the past three
decades and their impact on patient outcomes. In addition,
previous bibliometric analyses of SCI rehabilitation research
exhibit several key limitations that highlight the need for a more
comprehensive study. One significant gap identified in previous
studies is the reliance on a single database, typically the WoS,
which often excludes other valuable sources like PubMed and
Scopus. 2830

This narrow approach risks an incomplete representation of
the global research landscape, potentially overlooking relevant
studies and articles indexed in these additional databases. To
address this limitation, the current study will utilize both WoS
and Scopus to conduct a more comprehensive search of data
and publications. By incorporating these diverse sources, the
study aims to provide a more accurate and extensive analysis of
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research trends in spinal cord injury rehabilitation. Moreover,
previous bibliometric analyses have primarily focused on specific
SCI topics like gait® and stem cell therapy.®®!

To address this, the current study aims to take a broader approach
by analyzing a wider range of data on SCI rehabilitation,
providing a more comprehensive understanding of the research
landscape. This study aims to provide a comprehensive review of
the scientific outputs related to SCI rehabilitation over the past
three decades using bibliometric techniques to highlight key
aspects of this field. Specifically, this study seeks to answer the
following Research Questions (RQ):

RQI: How has the volume and focus of research publications
related to SCI rehabilitation evolved over the past three decades?

RQ2: Which countries and institutions are leading the research
efforts in SCI rehabilitation, and what are the most frequently
studied subject areas within this field?

RQ3: What are the most frequently used author keywords in
SCI rehabilitation research, and how do these keywords cluster
together to reveal emerging research themes and trends?

RQ4: Which research publications have had the greatest impact
on the field of SCI rehabilitation, as evidenced by their citation
counts?

METHODOLOGY AND DATA ANALYSIS

Data Collection

In this study, we developed a comprehensive search strategy
to retrieve relevant literature on Spinal Cord Injury (SCI) and
Rehabilitation using two major bibliographic databases: the
Web of Science (WoS) Core Collection and Scopus. The search
was conducted on July 12, 2023, without any restrictions on
publication dates, allowing for an exhaustive review of available
literature across years and publication types.

Search Strategy

To ensure broad coverage and inclusivity, we incorporated
synonyms and related terms for the primary keywords “spinal
cord injury” and “rehabilitation.” This approach was designed to
capture a diverse range of studies within each database.

Primary Keyword 1: Spinal Cord Injury

» <«

Synonyms included: “SCI,” “spinal cord injuries,” “spinal trauma,’

“spinal lesion,” “paraplegia,” and “tetraplegia.”

Primary Keyword 2: Rehabilitation

Synonyms included: “rehabilitation,” “recovery,” “rehabilitation

» <«

therapy;

» o«

rehabilitative care,

» o«

program,

physical therapy,” “rehabilitation

» o«

rehabilitation intervention,” “functional recovery;

and “motor recovery”’
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The search queries were tailored to align with each database’s
indexing system, combining keywords with Boolean operators
(AND, OR) to retrieve a comprehensive and relevant set of
articles. For instance, in WoS, the search string was structured
as follows:

(SCI OR “spinal cord injuries” OR “spinal trauma” OR “spinal
lesion” OR paraplegia OR tetraplegia) AND (“rehabilitation” OR
recovery OR “rehabilitation therapy” OR “rehabilitative care” OR
“physical therapy” OR “rehabilitation program” OR “rehabilitation
intervention” OR “functional recovery” OR “motor recovery”)

A parallel search string was constructed for Scopus to match
this scope, ensuring consistency in retrieving articles across
both databases. This structured and tailored approach optimized
search results, ensuring that both general and specific studies on
SCI rehabilitation were included.

Data Export and Pre-Processing

Upon completing the searches, the records retrieved from both
WoS and Scopus were exported in CSV format. Each record
contained comprehensive metadata for each publication,
including the title, author names with affiliations, publication
year, abstract, journal title, keywords, subject categories, and
citation counts.

The next step involved data cleaning and pre-processing. To
consolidate data, we merged records from WoS and Scopus by
matching document titles and DOIs, which allowed us to identify
and remove duplicates. Any remaining discrepancies, such as
variations in citation counts, were resolved to ensure dataset
consistency. After removing duplicates and filtering out irrelevant
document types, we finalized a set of 1,377 unique articles
for further analysis (Table 1). This structured methodology
provided a robust foundation for bibliometric analysis, ensuring
a comprehensive and representative sample of global SCI
rehabilitation research.

The initial data consisted of 2552 loaded papers related to SCI
rehabilitation. Out of these, 338 papers (13.20% of the loaded
papers) were omitted based on their document type. After
removing the omitted papers, 2214 papers were remaining
for further analysis. The WoS database contributed 939 papers
(42.40% of the total papers), while Scopus contributed 1275
papers (57.60% of the total papers).

Among the loaded papers, a total of 837 duplicates were
identified. Of these, 8 duplicated papers were removed from
the WoS database, and 829 duplicated papers were removed
from the Scopus database. Furthermore, 546 duplicated papers
had differences in the number of citations. After the removal of
duplicates, there were 1377 unique papers available for analysis.
Out of these, 931 papers (67.60%) were obtained from the WoS
database, and 446 papers (32.40%) were obtained from the
Scopus database.
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A PRISMA flow diagram was used to illustrate the study selection
process, showing the number of records identified, screened, and
included in the analysis (Figure 1).

Data Analysis
Bibliometric and Procedural Analysis

This study employed a comprehensive bibliometric approach to
analyse the research trends in SCI rehabilitation. To gain a holistic
understanding of the field, we combined data from two major
databases, Scopus and Web of Science (WoS). This approach, as
highlighted by Azizan and Fadzil in their study on barriers and
facilitators to physical activity, allows for a more comprehensive
representation of the research landscape.”*"

Our analysis involved four key components. First, we conducted
a historical analysis to examine the annual publication output
of SCI rehabilitation research. This allowed us to identify trends
in the growth of the field over time and gain insights into the
evolution of research interest and the emergence of new research
themes.

Second, we performed a keyword analysis using author-provided
keywords extracted from the articles. To facilitate this analysis,
we used ScientoPy™ to merge and pre-process the data from
Scopus and Web of Science into a CSV format suitable for use
in VOSviewer 1.6.14. This open-source software allowed us to
visualize the co-occurrence of keywords and identify clusters
representing distinct research areas. This analysis helped us
understand the intellectual structure of the field and identify
emerging research themes.

Table 1: Pre-processing datasets information.

Information Number Percentage
Loaded papers 2552

Omitted papers by 338 13.20%
document type

Total papers after omitted 2214

papers removed

Loaded papers from WoS 939 42.40%
Loaded papers from Scopus 1275 57.60%
Duplicated removal results:

Duplicated papers found 837 37.80%
Removed duplicated papers 8 0.90%
from WoS

Removed duplicated papers 829 65.00%
from Scopus

Duplicated documents with 546 65.20%
different cites by

Total papers after removal. 1377

Papers from WoS 931 67.60%
Papers from Scopus 446 32.40%
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Third, we identified highly cited articles based on their citation
counts. These articles represent influential publications that have
significantly impacted the field of SCI rehabilitation. Finally, we
analysed the geographical distribution of publications to identify
the country’s leading research efforts in SCI rehabilitation. This
analysis provided insights into global collaboration and the
relative strengths of different research communities.

To facilitate the analysis, we utilized a combination of software
tools, including Microsoft Excel 2019, MyBib References, and
VOSviewer 1.6.14. These tools enabled us to create tables, lists,
and network maps to visualize and interpret the data effectively.

RESULTS

Bibliometric analysis

This section provides a comprehensive bibliometric analysis of
social protection in the context of SCI and rehabilitation-related
studies, based on publication overview, temporal, keyword,

country, and citation analyses. In addition to conventional
bibliometric methods, this study employs a co-citation network
analysis to uncover underlying research paradigms and emerging
trends within the field. This approach allows for a more nuanced
understanding of the intellectual structure of SCI rehabilitation

research.

Publication overview

The analysis of publication overviews reveals intriguing trends
and developments in the field of SCI rehabilitation, WoS database,
atotal of 931 publications related to this topic were identified. This
database demonstrates a positive growth rate, with an average of
73 publications per year. Moreover, the h-index of 60 highlights
the significant impact of these publications, as they have received
a substantial number of citations. In the Scopus database,
there were 446 publications associated with SCI rehabilitation.
Although the annual growth rate shows a slight decline of -2.2%,
it is noteworthy that the h-index is 31, suggesting a considerable

Figure 1: Methodological flowchart for the current study.
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impact of these publications within the field. While the average
number of publications per year is 12, the variation in publication
frequency indicates fluctuations in research activity across
different years (Figure 2).

Top countries

Figure 3 shows the top countries that contribute to the
development of papers related to SCI in rehabilitation. The
United States (US) emerges as the leader in terms of the number
of publications, with 403 articles. This reflects a consistent and
significant commitment to SCI rehabilitation research. Despite a
slight decline in the annual growth rate, the country maintains
an average of 20.6 publications per year, which is indicative of
stable research output. Canada follows closely behind, with 160
publications.

Despite a similar decline in the annual growth rate, the
country exhibits a higher average of 40.6 publications per year.
Australia demonstrates a commendable involvement in SCI
rehabilitation research, with 97 publications. While the annual
growth rate remains steady, the country maintains an average
of 38.1 publications per year. The Netherlands has produced
96 publications, displaying a consistent engagement in SCI
rehabilitation research. Despite a relatively lower annual growth
rate, the country maintains an average of 18.8 publications
per year. Switzerland, with 79 publications, stands out for its
noteworthy contributions to SCI rehabilitation research. Despite a
minimal annual growth rate, the country maintains an impressive
average of 49.4 publications per year.

Active Institutions

The University of Toronto leads the list with 54 publications,
indicating its strong commitment to SCI rehabilitation research

(Figure 4). The institution has shown a positive average growth
rate and a notable productivity of 6.8 publications per year.
The University of Groningen follows closely behind with
39 publications. Despite a slightly negative growth rate, the
institution maintains a significant productivity of 2.8 publications
per year.

The University of British Columbia demonstrates a strong
involvement in SCI rehabilitation research with 38 publications.
Though the growth rate is slightly negative, the institution
maintains a notable productivity of 2.2 publications per year. The
University Health Network, comprising a network of hospitals
and research institutes, has produced 37 publications.

The institution exhibits a positive growth rate and a remarkable
productivity of 5.2 publications per year. The Swiss Paraplegic
Research and Swiss Paraplegic Center, both affiliated with
the Swiss Paraplegic Foundation, contribute significantly to
SCI rehabilitation research. They have produced 34 and 31
publications, respectively. Both institutions show positive growth
rates and remarkable productivity of 4.6 and 4.8 publications per
year.

Top Subject Areas

Figure 5 shows the most popular and commonly used subject
areas in the publications related to SCI in rehabilitation. In the
field of Neurosciences and neurology, which ranks first in terms
of total publications with 378 articles, there is active research
in SCI rehabilitation. The Average Growth Rate (AGR) of 2.6
publications per year indicates a steady increase in research
output. The high h-index of 47 reflects the impact and citation
count of the publications, suggesting their influence within
the field. Sport Sciences, with 166 publications, focuses on the
intersection of sports and SCI rehabilitation.
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Figure 2: Publication overview from 1946 to 2023.
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Figure 4: Active institutions related to SCl in rehabilitation.

Although the AGR is relatively low at 0.4, indicating a slower
growth rate, the field demonstrates a high productivity per
day (PDLY) value of 19.3. This suggests a concentrated effort
in publishing research related to sports and SCI rehabilitation.
The h-index of 39 indicates the impact and influence of these
publications within the sports science community. General and
Internal Medicine, with 58 publications, plays a significant role in
SCI rehabilitation research.

The AGR of 0.8 and PDLY of 50 indicate a consistent publication
output and a substantial contribution to the medical field. The
h-index of 13 suggests a moderate impact of these publications,
reflecting their citation count and influence within the medical
community. The field of Engineering, with 49 publications,
demonstrates a relatively high PDLY of 49, indicating focused
research efforts in this area. However, the AGR of -0.6 suggests a
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slight decline in publication output over time. The h-index of 13
reflects the impact and citation count of these publications within
the engineering community. Orthopaedics, with 49 publications,
focuses on the orthopaedics aspects of SCI rehabilitation. The
AGR of 0.6 indicates a moderate growth rate in research output.

The h-index of 19 suggests a notable impact and citation count
for these publications within the field of orthopaedics. Public,
Environmental and Occupational Health, with 20 publications,
highlights the importance of considering public health aspects
in SCI rehabilitation. The AGR of 0 and PDLY of 25 indicate a
consistent publication rate. The h-index of 9 reflects the impact
and influence of these publications in the field of public health.
Health Care Sciences and Services encompass 19 publications
related to SCI rehabilitation. The AGR of 0 and high PDLY of
68.4 indicate a concentrated effort in publishing.
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The h-index of 6 suggests a moderate impact of these publications
within the field of healthcare sciences and services. In the field
of Robotics, with 19 publications, technological advancements in
SCI rehabilitation are explored. The AGR of -0.4 suggests a slight
decline in publication output over time. The h-index of 6 reflects
the impact and citation count of these publications within the
robotics community. Nursing, with 18 publications, contributes
to SCI rehabilitation research from a nursing perspective.

The AGR of -0.2 indicates a relatively stable publication output.
The h-index of 8 suggests a moderate impact and citation
count for these publications within the nursing field. Finally,
Surgery focuses on surgical interventions and techniques in SCI
rehabilitation, with 16 publications. Although the AGR is 0, the
field demonstrates a high PDLY of 50, indicating concentrated
research efforts. The h-index of 7 reflects the impact and influence
of these publications within the surgical community.

Authors’ Keywords

Thematic analysis of the 3001 keywords (Figures 6a and 6b)
used in indexed articles related to rehabilitation and SCI reveals
several key themes and topics. VOS viewer's clustering analysis
has identified five distinct clusters, each representing a significant
research area within the field.

Cluster 1 (Red)

Recovery and Function: This cluster emphasizes the importance
of functional recovery and rehabilitation interventions. Keywords
locomotion," "walking,

"o "o "o

like "recovery, functional recovery,"

"spasticity,” "
focus on improving physical function and mobility. This cluster
is strongly associated with the concept of rehabilitation and its

impact on regaining lost abilities.

motor," and "body-weight support” highlight the

Cluster 2 (Green)

Social and Psychological Aspects: This cluster focuses on the
broader social and psychological aspects of SCI rehabilitation.
Keywords like "people,” "quality-of-life, social
support,” "satisfaction,” "employment,” "adults," "time," "work,"
and "vocational rehabilitation" indicate the importance of
addressing the social, psychological, and occupational needs of
individuals with SCI. This cluster suggests a growing recognition

"won "won

community,

"o

of the holistic nature of rehabilitation, extending beyond purely
physical aspects.

Cluster 3 (Blue)

Neurological and Medical Complications: This cluster centers on
the neurological and medical complications associated with SCI.
Keywords like "spinal cord injuries," "paraplegia,” "tetraplegia,"
"outcomes,”  "medical = complications,”  "length-of-stay,"
"international standards,” "illness," "severity," "physical capacity,"

and "occupational therapy" reflect the focus on understanding the
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underlying neurological mechanisms and addressing the specific
medical challenges faced by individuals with SCI.

Cluster 4 (Yellow)

Assessment and Measurement: This cluster focuses on the
assessment and measurement of outcomes in SCI rehabilitation.
validity,
clinical-trials," and "outcome measures" highlight the

"o " " "

Keywordslike "lesions," "diagnosis," "scale, follow-up,"

Uemcacy," "
importance of standardized assessments and reliable measures

for evaluating the effectiveness of interventions.

Cluster 5 (Purple)

Psychological Well-being: This cluster addresses the psychological
well-being of individuals with SCI. Keywords like "depression,"

"o "o

"anxiety," "hospital anxiety," "trauma,” and "barriers" indicate
the significance of addressing mental health challenges and
understanding the psychological impact of SCI. This cluster
underscores the need for a multidisciplinary approach to
rehabilitation, considering not just physical but also emotional

and mental well-being.

This analysis of author keywords, guided by thematic clustering,
provides a valuable overview of the diverse research areas within
SCI rehabilitation. It highlights the ongoing focus on functional
recovery, the growing recognition of social and psychological
factors, the importance of addressing neurological and medical
complications, the need for robust assessment and measurement
tools, and the increasing attention to mental health and well-being.

Top Cited Papers (min 150 cited)

The Table 2 provides information on the most cited articles in the
field of rehabilitation, particularly in the field of study by Ma et
al.,’*¥ on the incidence, prevalence, costs, and impact of various
common conditions requiring rehabilitation in the US.

This comprehensive study covers conditions such as stroke,
SCI, traumatic brain injury, multiple sclerosis, osteoarthritis,
rheumatoid arthritis, limb loss, and back pain. It has garnered
575 citations, highlighting its relevance in understanding the
epidemiology and impact of these conditions on disability and
healthcare costs.

The study by Giangregorio and McCartney™ on "Bone loss
and muscle atrophy in spinal cord injury" has been cited 232
times. Additionally, Nas et al.,”*! contributed to the field of SCI
rehabilitation with their article "Rehabilitation of spinal cord
injuries," which has garnered 208 citations. The authors explore
various rehabilitation approaches and techniques for individuals
with spinal cord injuries, emphasizing the importance of
comprehensive rehabilitation programs.
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DISCUSSION

This study provides a comprehensive bibliometric analysis
of research in SCI rehabilitation, addressing key research
questions related to the evolution of publication volume, leading
contributors, emerging themes, and impactful studies. The
findings offer valuable insights into the current state and future
direction of the field.

Evolution of Research Publications

A remarkable development trajectory over the last three decades,
especially in the most cited paper is revealed by the bibliometric
study of research on SCI rehabilitation. The growing number of
research published each year, particularly in the WoS database,
which averaged 73 publications annually, is indicative of this
expansion. This increasing trend demonstrates the increased
interest in addressing the complicated demands of SCI patients as
well as the growing acknowledgement of SCI rehabilitation as an
important field of study.

Comparing these findings with previous studies offers valuable
insights. Liu et al., conducted a bibliometric analysis from 1997 to
2016, noting a rise in publication rates and emphasizing the need
for higher-quality research.”? Their analysis emphasised the need
for better research quality while identifying new research areas
and international collaboration. This is in line with the current
data, which also demonstrates a notable expansion and variety

in the emphasis of publications, but it also points to the ongoing
need for top-notch research and a more global viewpoint.

Kiraz and Demir provided an analysis from 1980 to 2018,
highlighting trends and advancements in SCI research.®! Their
analysis revealed a rise in research production but also pointed
up limitations, including the omission of grey literature and
non-English publications. Although the current analysis provides
amore recent and comprehensive assessment of the diversification
in research focus, including multidisciplinary approaches, it is
consistent with their findings on increased research output.

Li et al., analysed articles from 1999 to 2019, identifying leading
countries and institutions and providing a knowledge base
for future research.’” Their findings, particularly regarding
significant contributions from institutions like Harvard and the
University of Toronto, are mirrored in the current study, which
also highlights these institutions' roles in advancing SCI research.

Guo et al., focused on stem cell therapy for SCI, noting trends
and limitations in clinical trials and long-term follow-up data.®
The current analysis goes beyond their study's specific focus on
stem cell research to include multidisciplinary approaches and
emerging themes, in addition to broader trends in SCI recovery.

Phadke et al., examined gait rehabilitation research, highlighting
the USA, Canada, and Switzerland as leading contributors, and
noting a shift towards interdisciplinary and technology-driven
approaches.®® The current analysis, which also reflects an

Table 2: The most cited papers related to SCl in rehabilitation (minimum of 150 citations).

Authors Title Citations
Ma VY, Chan L, Carruthers Incidence, Prevalence, Costs, and Impact on Disability of Common Conditions 575
KJ.133 Requiring Rehabilitation in the United States: Stroke, Spinal Cord Injury, Traumatic
Brain Injury, Multiple Sclerosis, Osteoarthritis, Rheumatoid Arthritis, Limb Loss, and
Back Pain.
Giangregorio L, Bone loss and muscle atrophy in spinal cord injury: epidemiology, fracture prediction, 232
McCartney N.P4 and rehabilitation strategies.
Nas K, Yazmalar L, Sah V,  Rehabilitation of spinal cord injuries. 208
Aydin A, Ones K.
Behrman AL, Bowden MG, Neuroplasticity after spinal cord injury and training: An emerging paradigm shift in 201
Nair PM.* rehabilitation and walking recovery.
Chen D, Apple DF Jr, Medical complications during acute rehabilitation following spinal cord injury - 182
Hudson LM, Bode R.*’! Current experience of the model systems.
Stiens SA, Bergman SB, Neurogenic bowel dysfunction after spinal cord injury: Clinical evaluation and 176
Goetz LL.1* rehabilitative management.
Lima C, Escada P, Olfactory Mucosal Autografts and Rehabilitation for Chronic Traumatic Spinal Cord 174
Pratas-Vital J, et al.,*"! Injury.
Harkema SJ.1¢! Neural plasticity after human spinal cord injury: Application of locomotor training to 170
the rehabilitation of walking.
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increasing emphasis on multidisciplinary techniques and
technological integration in SCI rehabilitation, is enhanced by
the study's focus on gait rehabilitation

According to the current data, there has been a notable increase in
research on SCI rehabilitation over the previous 20 years, which is
indicative ofagreater understanding of the intricate difficulties that
people with SCI confront. In addition to exhibiting a commitment
to improving rehabilitation results, this expansion has resulted in
a notable diversification of priority areas. These days, research
covers a broad range of subjects, including patient-centred
care, psychosocial rehabilitation, and technological innovations
including virtual reality, robotic-assisted therapy, and telehealth.
These developments are essential for satisfying the rising need for
efficient rehabilitation services, especially in environments with
limited resources.

However, the report also highlights the field's ongoing
geographical disparities and quality gaps. Despite a rise in research
production, there are notable regional differences in study quality.
The literature is dominated by nations with established research
infrastructures, placing others at a disadvantage because of a lack
of resources and competent employees.”>!

This discrepancy calls into question the findings' generalisation as
well as the equitable distribution of funds required for successful
SCI recovery. Developing comprehensive treatment models that
address the complex requirements of people with SCI requires a
strong emphasis on interdisciplinary teamwork."**! To guarantee
that improvements benefit everyone, regardless of their situation
or location, stakeholders must provide priority to these initiatives.

Leading Countries, Institutions, and Subject Areas

According to a recent bibliometric review of research on SCI
rehabilitation, the United States is the world leader in this area,
with Canada, Australia, and other European nations including
the Netherlands and Switzerland also making substantial
contributions. Key contributors that have demonstrated their
significant output and impact in SCI rehabilitation research
include the University of Toronto, the University of Groningen,
and the University of British Columbia. The focus on fields like
general and internal medicine, sports sciences, and neurosciences
demonstrates a multidisciplinary approach that takes into account
both the psychological and physical elements of SCL

Comparing these findings with previous studies reveals both
continuities and developments in SCI research trends. Liu et al.,
identified increasing publication rates and emerging research
topics in SCI rehabilitation but noted the need for higher quality
research.” Their study concentrated more on global trends and
the need to raise the standard of research rather than exploring
deeper into regional contributions. The current analysis confirms
the growth noted by Liu et al., but provides a clearer picture of
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leading countries and institutions, illustrating a more detailed
geographical and institutional landscape.®

Kiraz and Demir analysed SCI research from 1980 to 2018,
identifying trends and advancements while noting limitations
such as the exclusion of non-English publications and grey
literature.”” Their findings align with the current study’s
observation of increasing publication volume but do not fully
capture the present-day focus on multidisciplinary approaches
and emerging trends in SCI rehabilitation.

Li et al., examined global SCI research from 1999 to 2019,
highlighting leading countries, institutions, and significant
authors.® Their study corroborates the current analysis by
recognizing the prominent roles of institutions like Harvard and
the University of Toronto but may not fully reflect the recent shift
towards broader multidisciplinary research areas as observed in
the current study.

Therefore, by describing the evolving landscape of SCI
rehabilitation research, highlighting top nations and institutions,
and indicating a shift towards a multidisciplinary approach, the
current analysis validates and expands on earlier studies.
However, a continuous disparity in contributions from low-
and middle-income countries is revealed by the dominance
of higher-income nations like the US, Canada, and portions
of Europe.®! This could restrict the findings' worldwide
applicability and usefulness.

A more equal research environment is crucial, even though
developments in sports
encouraging. In order to meet the full range of SCI rehabilitation
demands and guarantee research quality, inclusivity, and relevance
across various populations and resource settings, future studies
must promote collaboration across diverse areas.

sciences and neuroscience are

Author Keywords and Emerging Research Themes

In this study, five distinct research themes in SCI rehabilitation
were identified through a thematic analysis of author keywords.
These clusters offer a comprehensive view of current research
areas, yet reveal certain limitations in addressing broader issues
in SCI rehabilitation. The first cluster, “Recovery and Function,”
emphasizes functional rehabilitation, with key terms like
“walking,” “spasticity, and “motor recovery” underscoring the
centrality of physical improvement. The second cluster, “Social
and Psychological Aspects,” highlights growing recognition of
SCI's broader social and psychological impacts, aligning with past
studies that stress comprehensive recovery approaches.

The third cluster, “Neurological and Medical Complications,’
focuses on medical challenges and underlying neurological
factors. This aligns with earlier research identifying the need to
address SCI-related medical complexities in rehabilitation. The
fourth cluster, “Assessment and Measurement,” underscores
standardized outcome measures, supporting prior studies
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on the importance of consistent evaluation tools. Finally, the
“Psychological Well-being” cluster reflects an increased focus on
mental health.

The thematic clusters in SCI rehabilitation research provide
essential insights into the field's focus areas. However, certain gaps
highlight limitations in addressing the full scope of post-injury
needs. Notably, there is a lack of research on the economic
impacts and community reintegration of individuals with
SCI. This gap restricts the field from fully exploring long-term
quality of life improvements beyond physical recovery, as studies
predominantly emphasize clinical assessment and immediate
rehabilitation outcomes. !

Although outcome measurement and assessment are critical
for tracking recovery, this focus on evaluation over practical,
real-world solutions suggests an opportunity to broaden
research efforts. Current rehabilitation studies heavily prioritize
assessment tools and techniques without consistently translating
findings into accessible, impactful interventions that benefit
diverse populations directly."® Bridging this gap could advance
SCI rehabilitation by addressing economic factors, resource
accessibility, and integration back into society.

Expanding these clusters to include community and economic
considerations would support a more holistic approach, aligning
with recent studies that emphasize long-term reintegration and
resource accessibility for sustained rehabilitation outcomes. Such
an inclusive model could significantly enhance the quality of life
for SCI individuals, creating a foundation for ongoing support
and integration beyond initial rehabilitation.

Impactful Research Publications

The analysis of highly cited publications in SCI rehabilitation
research reveals several influential studies that have notably
shaped the field. The studies by Ma et al., and Giangregorio et
al., have garnered significant citations for their comprehensive
exploration of SCI epidemiology and rehabilitation strategies.
(3331 These publications have contributed essential knowledge and
frameworks that have guided subsequent research and clinical
practice in SCI rehabilitation.

Comparing these findings with previous studies offers valuable
context. Liu et al., highlighted the increasing publication rates and
emerging hot topics in SCI rehabilitation but did not specifically
focus on highly cited individual studies.”®®! Their analysis was
more concerned with global trends and the need for higher
quality research. In contrast, the current analysis provides a
detailed look at how specific influential publications have shaped
the field, offering a more granular understanding of their impact.

Kiraz and Demir also examined trends in SCI research but focused
on broader publication trends from 1980 to 2018.%" Their study
did not delve deeply into citation counts of individual papers
but provided a comprehensive overview of research output and
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collaborations. The current analysis complements their findings
by highlighting the role of highly cited publications in shaping
research directions.

Li et al, identified significant contributors and influential
institutions but did not emphasize specific highly cited studies."
Their work is aligned with the current findings in recognizing the
contributions of leading institutions and authors, yet the current
analysis adds depth by detailing the impact of specific influential

papers.

The current analysis of highly cited articles gives a concentrated
evaluation of important works that have significantly influenced
the field of SCI rehabilitation, although earlier studies have
offered insightful information about trends, institutions, and
research output.®?”*! Though these seminal studies offer crucial
foundations and benchmarks, the focus on widely referenced
works may obscure new voices and creative research from less
well-known sources.?”! It's also possible to run the risk of putting
popularity ahead of originality or study quality when using
citation counts as the primary indicator of influence.

Effectively advancing SCI rehabilitation requires striking a
compromise between incorporating more recent research that
examines under-represented viewpoints and well-established,
widely referenced studies, especially in areas like community
reintegration and customised therapy techniques. Promoting a
wider range of studies may yield more comprehensive, equitable
progress in SCI rehabilitation practices.

Implications for the Field

The findings from this bibliometric analysis offer several
significant implications for the field of SCI rehabilitation research.
Firstly, the analysis underscores the growing body of literature
in this domain, reflecting an increasing global commitment
to advancing knowledge and practice in SCI rehabilitation.
However, the uneven distribution of research across different
regions points to geographical disparities in research efforts.
The dominance of high-income countries, particularly the
United States and Canada, suggests that research leadership is
concentrated in regions with more substantial resources and
research infrastructures. This concentration has implications
for the generalizability of research findings, as the specific needs
and challenges faced by SCI patients in low- and middle-income
countries may not be adequately addressed.

Moreover, the identification of leading institutions, such as the
University of Toronto and the University of Groningen, highlights
centers of excellence that drive innovation in SCI rehabilitation.
These institutions not only produce a significant volume of
research but also shape the direction of the field through their
contributions. The clustering of frequently used keywords
reveals emerging themes and trends in SCI rehabilitation
research. The emphasis on recovery and function, social and
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psychological aspects, and neurological complications indicates
a multidisciplinary approach to SCI rehabilitation, reflecting the
complexity of the condition and the need for comprehensive care
strategies.

Finally, the analysis of highly cited publications demonstrates the
critical impact of certain studies on the field. These influential
works have set the foundation for current practices and future
research directions. However, the reliance on citation counts as a
measure of impact may overlook newer, innovative research that
has not yet had the time to accumulate citations.

Future Research Directions

The findings from the bibliometric analysis of SCI rehabilitation
research reveal critical insights that can guide future research
efforts. To address the geographical disparities in research output,
there is a pressing need for increased international collaboration,
particularly involving researchers from low- and middle-income
countries. By fostering global partnerships, researchers can pool
resources, share expertise, and ensure that the challenges of
SCI rehabilitation are addressed comprehensively.”® Funding
agencies should prioritize support for collaborative research
initiatives that bridge the gap between regions with varying levels
of research infrastructure, thereby enhancing the inclusivity and
applicability of SCI rehabilitation research on a global scale.

The complexity of SCI rehabilitation underscores the importance
of a multidisciplinary approach that integrates perspectives from
neurology, psychology, engineering, and social sciences. The
identified research clusters emphasize the value of such integration
in developing holistic rehabilitation strategies that address both
the physical and psychological needs of SCI patients. Future
research should continue to encourage collaboration across
disciplines, bringing together scientists, clinicians, and engineers
to develop innovative interventions that advance comprehensive
rehabilitation programs.

Innovation in SCI rehabilitation research must be a priority."
While well-established research has significantly impacted the
field, emerging themes and innovative approaches should be
actively supported. Funding agencies and academic institutions
should prioritize cutting-edge research that explores new frontiers
in SCI rehabilitation, such as the use of robotics, personalized
medicine, and advanced neurorehabilitation techniques.™!
Additionally, the analysis identifies gaps in current research,
particularly regarding long-term outcomes of rehabilitation
interventions and the integration of technology. Addressing these
gaps is crucial to building a more comprehensive evidence base
for SCI rehabilitation. Improving the accessibility of research
findings to practitioners and policymakers is essential for
translating research into practice, ultimately leading to better
patient outcomes in SCI rehabilitation.

Journal of Scientometric Research, Vol 14, Issue 1, Jan-Apr, 2025

LIMITATIONS

While this study offers a comprehensive overview of research
trends in SCI rehabilitation, it is important to acknowledge
certain limitations. The reliance on bibliometric data from specific
databases may have led to the exclusion of relevant publications
not indexed in these sources. Additionally, the analysis does
not account for the quality of publications, which could vary
significantly across different studies. Future research could
address these limitations by incorporating a more diverse range
of sources and applying qualitative assessments of publication
impact.

CONCLUSION

In conclusion, this bibliometric analysis highlights the dynamic
and evolving nature of SCI rehabilitation research. The growing
volume of publications, the contributions from leading countries
and institutions, and the emergence of new research themes all
point to a field that is expanding in scope and impact. However,
the analysis also reveals gaps in certain research areas and
geographical disparities, suggesting opportunities for further
exploration and collaboration. Future research should continue
to build on these findings, addressing the identified gaps and
exploring new frontiers in SCI rehabilitation to enhance the
quality of life for individuals with SCI.
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