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Abstract

Background
Metastatic spinal cord compression (MSCC) is a serious complication of advanced cancer that can
cause severe neurological impairment and substantially reduce quality of life. This study aimed to map
the publication landscape, identify major contributors, and examine the thematic evolution of MSCC
research through bibliometric analysis.

Methods
English-language articles and reviews published between 1990 and 2025 were retrieved from the Web of
Science Core Collection. Records were manually screened for relevance and standardized before
analysis. Bibliometric indicators, collaboration patterns, citation structures, and keyword trends were
examined using bibliometrix and CiteSpace.

Results
A total of 678 publications were included. Publication output showed an overall upward trend, with an
annual growth rate of 5.97%. The United States ranked first in publication output, total citations, and h-
index. Rades D was the most productive and highly cited author, while the International Journal of
Radiation Oncology Biology Physics was the leading journal. Radiotherapy, survival, prognostic factors,
surgery, and quality of life remained central themes. Recent keyword bursts indicated increasing
scholarly attention to separation surgery, body radiotherapy, surgical resection, and outcome
assessment.

Conclusions
MSCC research has expanded steadily and evolved into an increasingly multidisciplinary and
individualized field. Current research hotspots emphasize advanced local therapies, coordinated
treatment planning, and refined outcome assessment, thereby helping to clarify emerging directions in
the field.

1 Introduction
Metastatic spinal cord compression (MSCC) is a serious complication of advanced cancer and an
oncologic emergency, as delayed treatment may lead to irreversible neurological injury, loss of
ambulation, and substantial deterioration in quality of life[1]. It usually occurs when metastatic lesions
compress the spinal cord or cauda equina, causing pain, motor weakness, sensory deficits, and, in
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advanced cases, sphincter dysfunction[2, 3]. MSCC is most often associated with breast, lung, and
prostate cancers, but it may occasionally be the first presentation of an undiagnosed malignancy[4].

MSCC usually develops in the context of spinal metastases, which are a major source of pain, disability,
and treatment complexity in oncology. Metastatic tumors account for approximately 75% of spinal
tumors, whereas primary spinal neoplasms are relatively uncommon[5]. Spinal metastases can cause
pain, mechanical instability, pathological fracture, and neural compression[6, 7]. With population ageing
and improved survival after cancer treatment, the clinical burden of spinal metastases is increasing[8].

Early recognition and timely intervention are critical for preserving neurological function[9]. Emerging
diagnostic approaches, including advanced MRI interpretation and biomarker-informed assessment, may
improve risk stratification and treatment planning in selected patients[10, 11]. However, the extent to
which these developments have altered the structure and thematic priorities of the MSCC literature has
not been clearly characterized. A systematic mapping of publication patterns, influential contributors,
and evolving research topics may help identify both established knowledge domains and emerging areas
of interest.

Bibliometric analysis provides quantitative approaches for examining publication output, citation
relationships, collaboration networks, and thematic evolution[12, 13]. Using articles and reviews on
MSCC indexed in the Web of Science Core Collection (WoSCC), this study characterized temporal trends
in publications and citations, identified the most influential countries, authors, journals, and publications,
and explored the evolution of major research themes and emerging topics.

2 Methods

2.1 Data source and search strategy
Bibliographic records were retrieved from the Science Citation Index Expanded of the WoSCC. To
minimize variation caused by database updates, the search was conducted and completed on 8 March
2026. The search query was: TS = (“metastatic spinal cord compression” OR (metast* NEAR/3 “spinal
cord compression”)). To evaluate the sensitivity of the search strategy, we additionally performed an
expanded search incorporating common alternative terms and abbreviations, including “MESCC,”
“malignant spinal cord compression,” and “metastatic epidural spinal cord compression.” The expanded
search retrieved the same set of records as the primary search strategy. Therefore, the more concise
proximity-based query was retained for the final analysis. The initial search yielded 920 records.
Publications from 1 January 1990 to 31 December 2025 were included. Only English-language articles
and reviews were included. Other document types were excluded, including meeting abstracts (n = 130),
editorial material (n = 34), letter (n = 22), correction (n = 9), note (n = 6), proceedings papers (n = 6), and
data paper (n = 1). The final dataset comprised 678 publications.

2.2 Data extraction and preprocessing
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Full records and cited references of all retrieved publications were exported from WoSCC in plain-text
format for bibliometric analysis. Duplicate checking was performed first using CiteSpace, and no
duplicates were found. Before analysis, author names, journal titles, countries, and keywords were
manually standardized. Abbreviations, singular and plural forms, spelling variants, and synonymous
terms referring to the same concept were merged. For example, “MSCC” was merged with “metastatic
spinal cord compression,” and lexical variants of radiotherapy- and surgery-related terms were
harmonized. Potential author-name variants were assessed using initials, affiliations, and co-authorship
information to reduce erroneous splitting or merging.

2.3 Analysis and visualization
Bibliometric analyses were performed using the bibliometrix package in R through its Biblioshiny
interface (version 5.0)[14] and CiteSpace (version 6.4.R1 Advanced)[15]. The main bibliometric
indicators included publication counts, citation counts, and network relationships among authors,
journals, references, and keywords. In CiteSpace, the time span was set from 1990 to 2025, with 1 year
per slice. Nodes were selected using the g-index with k set to 10.

3 Results

3.1 Temporal trends in publications and citations
A total of 678 MSCC-related publications were included in the final analysis, comprising 578 articles and
100 reviews. These publications appeared in 233 sources and involved 2,724 authors. The dataset
showed an annual growth rate of 5.97%, an average of 29.67 citations per document, and an
international co-authorship rate of 23.45%.

Annual publication output increased over the study period, although year-to-year fluctuations were
observed. The highest annual output was recorded in 2016, with 41 publications (Fig. 1). Polynomial
fitting was consistent with the observed temporal pattern (R² = 0.8742). The mean total citations per
year per article (MeanTCperYear) showed year-to-year variation across the study period, with the highest
value observed in 2005 (MeanTCperYear = 9.00).

3.2 Country/region contributions and international
collaboration
The United States was the leading contributor to MSCC research, with 267 publications, followed by
Germany and England (Fig. 2a). It also ranked first in total citations and had the highest h-index (Fig. 2b).
In the international collaboration network, the United States served as the principal hub, with its
strongest links to Germany (81 co-authored publications), the Netherlands (44), Canada (20), and Spain
(20). Although China ranked among the leading countries by publication output, its international
collaboration appeared less extensive in this dataset, with only two co-authored publications involving
the United States (Fig. 2a). Citation burst analysis showed changes over time in the research activity of
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different countries and regions (Fig. 2c). Early citation bursts were observed for the United States and
Denmark. China showed the strongest recent burst.

3.3 Productivity and citation impact of leading authors and
journals
Among the 10 most productive authors, Rades D ranked first in publications, total citations, and h-index,
whereas Schild SE ranked second across all three indicators (Fig. 3a–c). Among the 10 most productive
journals, the International Journal of Radiation Oncology Biology Physics ranked first in publications, total
citations, and h-index (Fig. 3d–f).

3.4 Highly cited documents and knowledge base
The most frequently cited documents in the MSCC dataset are summarized in Table 1. The main clinical
or methodological contributions of these documents were summarized from the original
publications[16–25]. The most cited document was the 2005 randomized trial by Patchell et al.
published in Lancet, which reported better preservation and recovery of ambulation after direct
decompressive surgery followed by radiotherapy than after radiotherapy alone. Other highly cited
documents mainly addressed radiotherapy fractionation, prognostic factors, baseline neurological
status, corticosteroid use, and the role of timely diagnosis and treatment. Together, these documents
indicate that the knowledge base of MSCC research has been shaped largely by studies on ambulatory
preservation, radiotherapy strategy, patient selection, and functional prognosis.
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Table 1
Top 10 highly cited documents in MSCC research

First author Study type Total
citations

Key findings

Patchell
RA[16]

randomized
trial

335 Direct decompressive surgery followed by
radiotherapy improved ambulatory outcomes
compared with radiotherapy alone in selected
patients with MSCC.

Maranzano
E[17]

prospective
study

107 Early diagnosis, radiotherapy, and corticosteroid
treatment were associated with preservation of
neurological function and walking ability.

Rades D[18] retrospective
analysis

94 Long-course radiotherapy was associated with
improved local control, while survival was
influenced by prognostic factors and baseline
motor function.

Rades D[19] retrospective
analysis

92 Short- and long-course radiotherapy produced
similar functional outcomes, whereas long-course
treatment was associated with lower recurrence
rates.

Rades D[20] prospective
study

78 Long-course radiotherapy improved local control,
but survival and motor outcomes were similar to
short-course treatment; baseline ambulation
remained important.

Helweg-
Larsen S[21]

prospective
study

77 Pretreatment ambulation predicted post-treatment
gait, and recovery of walking ability in initially
nonambulatory patients was associated with longer
survival.

Cole JS[22] review 72 The review emphasized early diagnosis,
neurological assessment, and selective use of
surgery plus radiotherapy to preserve function.

Rades D[23] review 64 Radiotherapy remained a central treatment
modality, with treatment selection guided by
prognosis, recurrence risk, and neurological status.

Byrne TN[24] review 61 The review highlighted prompt corticosteroid
therapy and selective surgery to reduce the risk of
irreversible neurological deficits.

Bach F[25] retrospective
analysis

53 Pretreatment neurological status, particularly
ambulatory ability, was identified as a major
predictor of outcome, supporting early diagnosis
and timely treatment.

3.5 Keyword analysis and research trends

Keyword analysis was conducted using all available keywords, including both author keywords and
Keywords Plus. In the co-occurrence network, key terms such as metastatic spinal cord compression,
radiotherapy, surgery, survival, prognostic factors, and quality of life were centrally positioned,
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suggesting that these topics form the core conceptual framework of MSCC research (Fig. 4a). Timeline
clustering indicated that major thematic domains comprised spinal metastases, spinal cord
compression, prognostic factors, separation surgery, and spine oncology (Fig. 4b). Newly emerging
clusters reflected a gradual shift toward more specialized, multidisciplinary management strategies.

Keyword burst analysis revealed temporal shifts in research focus (Fig. 5). Earlier burst terms primarily
involved epidural metastases, dexamethasone, myelography, and spinal cord compression. More recent
bursts included separation surgery, spinal metastases, body radiotherapy, surgical resection, and
outcome assessment. These bursts indicate rapid increases in scholarly attention during specific
periods.

4 Discussion
Population ageing, improved cancer diagnosis, and advances in systemic treatment have prolonged
survival for many patients with malignancies, thereby increasing attention to metastatic complications
of the spine[26, 27]. MSCC remains a clinically important oncologic emergency because neurological
function, spinal stability, tumor control, life expectancy, and quality of life must often be considered
simultaneously. This study mapped the publication and thematic development of MSCC research from
1990 to 2025. The main findings were an overall increase in publication output, a concentration of
research influence in a limited number of countries, authors, and journals, and a thematic transition from
conventional diagnosis and treatment toward advanced local therapies and structured outcome
assessment.

The knowledge base of MSCC research has changed substantially over time. Earlier influential studies
mainly addressed clinical recognition, neurological deterioration, corticosteroid use, conventional
radiotherapy, prognostic evaluation, and decompressive surgery. Among these, the randomized trial by
Patchell et al. remains a landmark study, as it provided evidence that direct decompressive surgery
combined with radiotherapy could improve functional outcomes in selected patients compared with
radiotherapy alone[16]. This work helped establish the importance of patient selection and functional
preservation in MSCC management.

Studies on separation surgery, stereotactic radiosurgery, and stereotactic body radiotherapy have refined
the therapeutic framework for selected patients with spinal metastases and MSCC[28, 29]. In this
approach, surgery is not only used for decompression but also to restore or maintain spinal stability and
create a safer distance between the tumor and spinal cord[30]. High-precision radiotherapy can then be
delivered with the aim of improving local tumor control. This evolution suggests that the field has moved
beyond simple comparisons between surgery and radiotherapy. Current research increasingly
emphasizes individualized treatment planning based on neurological status, mechanical stability,
systemic disease burden, tumor radiosensitivity, performance status, and expected prognosis.

The collaborative network analysis showed clear geographic differences in research contribution and
influence. The United States remained the leading contributor in publication output, total citations, and h-
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index, and it occupied a central position in the international collaboration network. This pattern may
reflect stronger research infrastructure, greater clinical specialization, and more established
multidisciplinary cancer care systems.

Journal analysis further confirmed the multidisciplinary nature of this field. The most productive and
influential journals were concentrated in radiation oncology, spine surgery, and neurosurgery. This
distribution reflects the clinical reality of MSCC management, which requires coordination among
oncologists, spine surgeons, neurosurgeons, radiation oncologists, neurologists, rehabilitation teams,
and supportive care specialists. Progress in MSCC care has therefore depended on interaction across
several overlapping clinical and academic communities rather than on a single discipline.

Recent keyword bursts involving separation surgery, stereotactic body radiotherapy, surgical resection,
and outcome assessment indicate a shift in publication attention toward more specialized local
treatment strategies and more structured evaluation of treatment outcomes. This thematic change is
consistent with the increasing complexity of decision-making in spinal oncology. However, bibliometric
prominence reflects research activity rather than treatment efficacy. The present findings therefore
cannot establish whether one treatment strategy is superior to another or identify which patients derive
the greatest benefit. Such questions require comparative clinical studies and evidence synthesis.

The increasing prominence of outcome assessment highlights the need for greater consistency in the
reporting of neurological function, ambulatory status, pain, local control, survival, adverse events, and
patient-reported quality of life. Future studies should use clearly defined and clinically meaningful
endpoints, standardized follow-up periods, and transparent patient-selection criteria. Bibliometric
findings may help identify areas of rapid research growth, but they should be integrated with systematic
reviews, evidence grading, and prospective comparative studies before informing clinical
recommendations.

5 Limitations
This study has several limitations that warrant consideration. First, the analysis relied solely on the
WoSCC and included only articles and reviews published in English. While this approach enhances the
consistency and comparability of bibliographic and citation data, it may have omitted relevant studies
indexed in other databases or published in languages other than English, potentially underrepresenting
research from non-English-speaking regions. Second, bibliometric indicators are affected by factors
such as publication age, citation practices, and database indexing conventions. Therefore, citation-based
metrics should not be interpreted as direct measures of methodological quality or clinical effectiveness.
Finally, as with all bibliometric studies, this analysis describes patterns of scholarly output, influence, and
thematic trends rather than directly assessing clinical effectiveness. Accordingly, the findings should be
interpreted as reflecting the indexed knowledge landscape of MSCC research, rather than the full scope
of global evidence in this field.
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6 Conclusions
MSCC research published between 1990 and 2025 showed an overall increase in output and an
increasingly multidisciplinary thematic structure. The historical literature was strongly shaped by
research on neurological preservation, radiotherapy, surgical decompression, and prognostic
assessment, whereas more recent publications have increasingly addressed separation surgery,
stereotactic body radiotherapy, surgical resection, and structured outcome evaluation. Research
influence and international collaboration remained concentrated among a limited number of countries,
authors, and journals. These findings characterize the indexed knowledge landscape of MSCC research
but do not establish the comparative effectiveness of individual treatments. Future work would benefit
from broader international collaboration, standardized outcome definitions, transparent patient-selection
criteria, and higher-quality comparative clinical evidence.
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Figure 1

Temporal trends in publication output and citation impact in metastatic spinal cord compression
research from 1990 to 2025. Blue bars indicate annual publication output, the red line indicates the
mean total citations per year per article (MeanTCperYear), and the dotted blue curve indicates the
polynomial trendline

Figure 2

Country/region contributions and international collaboration. a Global map of international collaboration
among countries and regions. The color intensity represents publication output, the labels indicate the
numbers of publications from the 10 most productive countries or regions, and the connecting lines
represent international co-authorship links. b Total citations and h-index of the 10 leading countries or
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regions. Blue bars represent total citations according to the left y-axis, whereas the red line represents
the h-index according to the right y-axis. c The 10 countries or regions with the strongest citation bursts.
Red segments indicate the periods during which citation bursts occurred, whereas “Strength,” “Begin,”
and “End” denote burst intensity and the starting and ending years, respectively

Figure 3

Productivity and citation impact of the most productive authors and journals. a–c Publications, total
citations, and h-index, respectively, of the 10 most productive authors. d–fPublications, total citations,
and h-index, respectively, of the 10 most productive journals. Authors and journals were ranked
according to publication output
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Figure 4

CiteSpace-based keyword analysis and thematic evolution in metastatic spinal cord compression
research. aKeyword co-occurrence network. Node size indicates keyword frequency, links indicate co-
occurrence relationships, node colors represent the temporal distribution of keywords from 1990 to
2025, and purple rings indicate keywords with higher centrality. b Timeline view of keyword clusters,
showing the temporal evolution of major research themes
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Figure 5

Keywords with the strongest citation bursts. Red segments indicate the periods during which bursts
occurred, whereas “Strength,” “Begin,” and “End” denote burst intensity and the starting and ending years,
respectively

Page 17/17


