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Background: Crush syndrome (CS) is a severe, potentially fatal condition resulting from prolonged muscle compression, most 
commonly observed following disasters such as earthquakes and large-scale traumatic events. Despite its clinical significance, there 
has been a lack of comprehensive bibliometric analysis exploring global research trends, collaboration networks, and emerging topics 
in CS research.
Methods: A comprehensive literature search was conducted in the Web of Science Core Collection to identify publications on CS from 
2000 to 2025. Bibliometric analysis was performed using VOSviewer, CiteSpace, and the R package “Bibliometrix” to visualize co- 
authorship networks, institutional collaborations, and keyword co-occurrence patterns. Only English-language articles were included. Data 
were analyzed for publication trends, country and institutional contributions, leading authors and journals, and evolving research themes.
Results: A total of 745 publications were included, demonstrating a consistent annual increase in research output. The United States, 
China, and Turkey were the most productive countries. Ghent University and Istanbul University were the leading institutions. Sever 
MS was identified as a major contributor to the field. Injury-International Journal of the Care of the Injured emerged as the most 
contributed journal. The most frequent research topics were acute kidney injury, disaster-related management, and pediatric aspects. 
Keyword and citation burst analysis revealed a historical focus on disaster epidemiology, with recent trends shifting toward clinical 
complications such as acute compartment syndrome and nerve-related conditions, as well as mechanistic studies including ferroptosis.
Conclusion: This bibliometric analysis provides a comprehensive overview of global CS research, highlighting evolving hotspots, emerging 
themes, and key contributors. These findings may inform future research directions and support improved clinical management of CS.
Keywords: crush syndrome, bibliometric analysis, collaborative networks, trauma medicine, intensive care unit

Introduction
Crush syndrome (CS) is a severe clinical condition resulting from prolonged compression of muscle tissue, typically 
occurring after major natural disasters, industrial accidents, or extended periods of immobilization.1 It is characterized by 
the rupture and necrosis of muscle fibers, leading to the systemic release of cellular degradation products, and is 
commonly associated with significant morbidity and mortality.2,3 Clinically, CS manifests with life-threatening compli
cations, most notably acute renal failure, hyperkalemia, metabolic acidosis, and myoglobinuria.4 Prognosis is influenced 
by the severity of injury, the timeliness of intervention, and individual patient factors, with certain biomarkers such as the 
neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), and platelet-to-lymphocyte ratio (PLR) 
holding potential prognostic value.5 Beyond its clinical impact, CS imposes a substantial burden on healthcare systems 
due to the need for intensive emergency, inpatient, and surgical resources, often resulting in considerable healthcare 
costs. Psychologically, both patients and their families may experience prolonged stress and reduced quality of life, while 
society as a whole faces increased instability and disruption in the aftermath of mass-casualty events.6
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Epidemiologically, the incidence of crush syndrome varies according to the context and geographic region. In the 
aftermath of major earthquakes, for example, the proportion of trauma victims developing CS may range from 2% to 
15%, and catastrophic events such as the Marmara (Turkey) and Hanshin-Awaji (Japan) earthquakes have resulted in 
thousands of cases occurring simultaneously.4,6 Risk factors include the duration and magnitude of tissue compression, 
the mass of affected muscle, and delays in rescue and medical intervention. While CS can arise from isolated incidents 
such as industrial accidents or prolonged immobilization, the majority of cases are linked to large-scale disasters— 
particularly in regions with high seismic activity or limited emergency response capacity.

From a clinical pathophysiology perspective, CS begins with sustained muscle compression causing ischemia and subsequent 
cellular death. The breakdown of myocytes results in the release of intracellular constituents—most notably myoglobin, 
potassium, phosphate, and creatine kinase—into the systemic circulation. Myoglobin, in particular, can precipitate acute kidney 
injury (AKI) by inducing renal tubular obstruction and exerting direct nephrotoxic effects, especially under conditions of 
hypovolemia and acidosis.4 Hyperkalemia may provoke fatal cardiac arrhythmias, while other metabolic disturbances further 
complicate management. Prompt recognition and intervention are therefore essential to prevent multi-organ failure.

Early recognition, diagnosis, and intervention are critical in mitigating symptoms and improving outcomes in CS.7 

Current evidence-based management emphasizes rapid removal of the compressive force, aggressive fluid resuscitation, 
correction of electrolyte imbalances, and dialysis support as needed.8,9 Notably, urine alkalization is no longer routinely 
recommended in clinical guidelines, reflecting updated evidence regarding its efficacy and safety. Nevertheless, despite 
timely and effective treatment, some patients may develop long-term sequelae or succumb to the consequences of 
delayed or severe disease progression.10 Given the evolving clinical landscape and the emergence of novel therapeutic 
and diagnostic approaches, ongoing assessment of research trends is essential to optimize patient care and outcomes.

Bibliometric analysis utilizes mathematical and statistical methods to systematically examine the global body of 
literature on a specific topic, providing a detailed overview of research categories, co-authorship patterns, keyword 
frequency, and highly cited journals.11–13 The application of bibliometric indicators has become increasingly important, 
as the field of CS continues to evolve in response to recent large-scale disasters and advancements in critical care. Such 
analyses enable the identification of research gaps, emerging themes, and collaborative networks—thereby guiding 
evidence-based policy and setting priorities for future research. Given the significant clinical and scientific implications 
of CS, a comprehensive bibliometric analysis of global research trends and collaborative networks from 2000 to 2025 is 
particularly timely and relevant. This approach offers a thorough overview of the evolving research landscape, highlights 
key contributors and institutions, identifies emerging topics and knowledge gaps, and provides valuable insights that can 
inform and advance innovation in the management and intervention strategies for CS.

Material and Methods
Literature Search and Data Compilation
A thorough literature search was conducted using the Web of Science Core Collection (WoSCC), focusing on CS.14 The 
search covered studies published from January 2000 to June 2025. We employed a detailed search strategy to identify 
relevant articles, which is outlined as follows: (TS=“crush syndrome*”) OR (TS=“bywaters syndrome”) OR 
(TS=“bywaters’ syndrome”) OR (TS=“traumatic rhabdomyolysis*”) OR ((TS=(trauma OR crush OR injur* OR mechan
ical OR physical)) AND (TS=rhabdomyolysis)). The search was conducted on a single day (June 27, 2025) to avoid 
potential discrepancies due to database updates.

Following the initial database search, a total of 1,797 records were identified. After screening titles and abstracts, 530 
records were excluded due to irrelevance to CS. Of the 1267 full-text articles assessed for eligibility, 522 were further 
excluded due to being reviews, meeting abstracts, editorials, letters, early access publications, or non-English articles. 
Ultimately, 745 articles met all criteria and were included in the final bibliometric analysis (Figure 1). Data extraction 
included full records and cited references in plain text format, capturing publication metrics, authors, institutions, 
countries, keywords, and journals for comprehensive bibliometric analysis.
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Statistical Analysis and Visualization
The extracted data underwent descriptive and performance analysis using R package “Bibliometrix” (version 4.3.3) to quantify 
total publications, average citations per publication, and the geographic and institutional distribution of research output. 
Bibliometric impact metrics such as the H-index, to evaluate the research influence and productivity of authors and 
institutions.15,16

Visualization of collaboration networks and keyword co-occurrence was conducted using VOSviewer (version 
1.6.20). VOSviewer enabled the creation of visual networks illustrating co-authorship, institutional collaborations, and 
co-citation patterns. In these networks, node size represented publication volume or citation impact, while color-coded 
clusters indicated thematic or collaborative groupings. The thickness of lines between nodes depicted the strength of 
collaborative or citation relationships, highlighting prominent researchers, institutions, and interconnected research 
efforts within the field.

CiteSpace (version 6.3.R1) was used to track and analyze keyword trends over time, particularly focusing on 
identifying citation bursts and evolving research fronts in CS from 2000 to 2025. These analytical tools provided a 
comprehensive perspective on global research trends, identifying key authors, institutions, and countries, as well as 
thematic gaps and emerging topics in CS research.

Figure 1 Flowchart of the literature screening process.
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Results
Overview of Publication Status
The flowchart of data screening was shown in Figure 1. The number of publications and associated metrics reflected the 
evolving interest in this research field. The total publications from 2000 to 2025 had reached 745, with a consistent 
annual growth rate of 2.59%.

The trend in publication count, illustrated in Figure 2, indicated a consistent upward trend in the number of 
publications on this topic. There were 70 articles published in 2024 and 36 in 2025 (as of the time of analysis), both 
of which surpassed the publication counts of previous years, reflecting the ongoing growth in research output.

Analysis of Leading Countries and Institutions
The distribution of publications and citations among leading countries and institutions illustrated the depth and 
collaborative nature of research in this field. In the country analysis, the USA, with a total publication rank of 1 and 
355 total publications, led in terms of research output on CS. China, with a total publication rank of 2 and 351 
publications, and Turkey, with a total publication rank of 3 and 261 publications, followed closely behind. The USA 
led in citation impact, ranking first with 4,036 citations, averaging 29.7 citations per publication. Turkey ranked second 
with 1,762 citations and an average of 27.5 citations per article, while China ranked third with 1,432 citations, averaging 
11.8 citations per publication. Despite a lower publication volume, Belgium demonstrated a high average of 52.9 
citations per publication, highlighting the scholarly influence of these nations in the field of CS (Table 1).

The MCP (Multiple Country Publications) for the Turkey (19), Belgium (15), and USA (8) underscored their leading 
roles in international research collaborations (Table 1 and Figure 3a). This information is further illustrated in Figure 3b. 
The USA, as the central hub in the network, played a leadership role in international collaborations, establishing 
extensive connections with Canada, Mexico, and Chile, underscoring its pivotal position in global research partnerships. 
In terms of total link strength, the Belgium ranked first with total link strength of 61, followed by USA with 53 and 
Turkey with 47.

Institutional analysis identified Istanbul University as the top contributor with 72 articles, followed by Ghent 
University (51) and University of Health Sciences Turkey (33) (Figure 3c). Among the 99 institutions engaged in 

Figure 2 Annual number of publications.
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international collaborations with at least two articles (Figure 3d), Cerrahpasa Medical School in Istanbul University and 
Marmara University School of Medicine led with the highest number of collaborative links with other countries, total 
link strength of 63. This was followed by Uludag University with a total link strength of 47.

Table 1 Publication and Citation Profiles of Leading Countries

Country Articles Freq SCP MCP MCP_Ratio TP TP_rank TC TC_rank Average Citations

USA 136 0.183 128 8 0.059 355 1 4036 1 29.7
CHINA 121 0.162 116 5 0.041 351 2 1432 3 11.8

TURKEY 64 0.086 45 19 0.297 261 3 1762 2 27.5

JAPAN 47 0.063 46 1 0.021 159 4 820 5 17.4
ITALY 31 0.042 25 6 0.194 99 6 586 6 18.9

GERMANY 28 0.038 25 3 0.107 59 9 552 8 19.7

BELGIUM 18 0.024 3 15 0.833 64 8 952 4 52.9
FRANCE 18 0.024 15 3 0.167 106 5 270 12 15

UNITED KINGDOM 16 0.021 13 3 0.188 39 11 585 7 36.6
SOUTH KOREA 15 0.020 14 1 0.067 30 13 168 16 11.2

IRAN 13 0.017 12 1 0.077 69 7 368 9 28.3

CANADA 12 0.016 7 5 0.417 27 14 178 14 14.8
SOUTH AFRICA 12 0.016 9 3 0.250 40 10 132 18 11

BRAZIL 11 0.015 10 1 0.091 22 17 165 17 15

ISRAEL 11 0.015 9 2 0.182 23 16 284 11 25.8
INDIA 10 0.013 9 1 0.100 15 21 104 20 10.4

SPAIN 10 0.013 8 2 0.200 31 12 114 19 11.4

AUSTRALIA 7 0.009 5 2 0.286 20 18 67 21 9.6
POLAND 7 0.009 6 1 0.143 18 19 54 23 7.7

CHILE 5 0.007 3 2 0.400 24 15 17 30 3.4

Notes: Articles: Publications of Corresponding Authors only. Freq: Frequency of Total Publications. MCP_Ratio: Proportion of Multiple Country Publications. 
Abbreviations: TP, Total Publications; TP_rank, Rank of Total Publications. TC, Total Citations. TC_rank, Rank of Total Citations; Average Citations, The average number of 
citations per publication.

Figure 3 Analysis of leading countries and institutions. (A). Distribution of corresponding author’s publications by country. (B). Visualization map depicting the collaboration 
among different countries. (C). Top ten institutions by article count and rank. (D). Visualization map depicting the collaboration among different institutions.
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Analysis of Authors and Co-Cited Authors
A total of 3,732 authors had significantly contributed to this research field. In the bibliometric analysis as presented in 
Table 2, Sever MS (H index: 15) leads with 19 publications that have accumulated 1,600 total citations, achieving the 1st 
rank in total citations. Vanholder R (H index: 15) follows with 18 publications and 1,487 total citations, securing the 2nd 
rank in total citations. EREK E (H index: 14), with 16 publications, had garnered 1429 total citations, placing him at the 
4th rank in total citations.

The co-authorship network, displayed in Figure 4, revealed the collaborative structure among these influential 
authors. This network was divided into distinct clusters, each representing a specific research focus. The blue cluster, 
with Zhang Li at its core (total link strength=49), concentrated on systemic diseases and therapeutic approaches, 
demonstrating robust collaborative ties with other prominent figures in the field. The green cluster, under the leadership 
of Fan Haojun (total link strength=53), was particularly engaged in immunological studies and related interventions. The 
red cluster, centered around Gong Yanhua (total link strength=61), also focused on clinical applications and the 
advancement of novel therapeutic methods, showing a strong collaborative presence in the field. These clusters reflected 
the collaborative nature of the field and the specialization of authors within subdomains.

Analysis of Journals and Co-Cited Journals
The articles had been published across a diverse range of 386 journals. The top-ranked journals by H-index in the field of 
CS research, as detailed in Table 3, are Injury-International Journal of the Care of the Injured, Nephrology Dialysis 

Table 2 Publication and Citation Profiles of High-Impact Authors

Authors h_index g-index m-index PY_start TP TP_Frac TP_rank TC TC_rank

SEVER MS 15 19 0.58 2000 19 2.54 1 1600 1
VANHOLDER R 15 18 0.58 2000 18 2.60 2 1487 2

EREK E 14 16 0.54 2000 16 2.23 4 1429 4

LAMEIRE N 14 17 0.54 2000 17 2.46 3 1449 3
YAVUZ M 11 12 0.44 2001 12 1.20 7 674 5

ERGIN H 9 10 0.36 2001 10 0.85 8 611 6

FU PING 9 13 0.53 2009 13 1.07 13 229 11
MURATA ISAMU 8 10 0.53 2011 10 NA NA 160 14

INOUE YUTAKA 7 9 0.50 2012 9 1.00 11 127 20

KOBAYASHI JUN 7 8 0.47 2011 8 NA NA 147 16
FAN HAOJUN 6 10 0.40 2011 10 1.15 10 118 26

HOU SHIKE 6 7 0.40 2011 7 1.11 19 115 28

LV QI 6 10 1.00 2020 10 1.16 9 121 25
BARBIERI CLAUDIO HENRIQUE 5 6 0.29 2009 6 0.68 18 127 20

KORULAR D 5 6 0.20 2001 6 0.78 20 293 9

LI NING 5 8 0.83 2020 8 0.88 15 118 26
SAFARI SAEED 5 6 0.29 2009 6 0.54 23 125 24

AKOGLU E 4 6 0.29 2009 6 0.96 26 156 15

GONG YANHUA 4 5 0.16 2001 5 1.03 14 350 7
LAMEIRE NORBERT 4 8 0.67 2020 8 0.62 51 95 33

OOI KAZUYA 4 4 0.24 2009 4 0.44 56 96 32

QIN WEI 4 4 0.27 2011 4 0.25 129 108 30
SHI JIE 4 6 0.21 2007 6 0.45 36 162 13

TAO YE 4 5 0.80 2021 5 0.47 25 29 49

WANG LI 4 7 0.24 2009 7 0.39 2301 66 40
ZHANG LI 4 7 0.67 2020 7 0.86 2301 91 35

Notes: H_index: The h-index of the journal, which measures both the productivity and citation impact of the publications. g_index: The g-index of the journal, which gives 
more weight to highly-cited articles. m_index: The m-index of the journal, which is the h-index divided by the number of years since the first published paper. TP, Total 
Publications; TP_rank: Rank of Total Publications. 
Abbreviations: TC, Total Citations. TC_rank, Rank of Total Citations. Average Citations: The average number of citations per publication. PY_start, Publication Year Start, 
indicating the year the journal started publication.
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Transplantation, and Journal of Trauma and Acute Care Surgery. Injury-International Journal of the Care of the Injured, 
with an H-index of 11, stood out for its significant contribution to the field with 15 total publications and 264 total 
citations. Similarly, Nephrology Dialysis Transplantation, with the same H-index of 11, had a substantial impact, 
reflected in its 15 total publications and 448 total citations. Journal of Trauma and Acute Care Surgery, with the same 
H-index of 9, contributed to the interdisciplinary nature of this research area with 12 publications. These journals’ high 
h-indices underscored their role as key platforms for publishing influential work on CS.

The co-occurrence networks of journals encompassed 68 journals with a minimum of three occurrences (Figure 5a). 
Within these networks, the three pivotal journals with the highest total link strength were Nephrology Dialysis 
Transplantation with 194, Kidney International with 171, and Journal of Trauma- Injury Infection and Critical Care 
with 142. The coupling networks of journals included 68 journals with at least three couplings (Figure 5b). The three key 
journals with the highest total link strength in the coupling networks were Nephrology Dialysis Transplantation with 
5,186, Journal of Trauma-Injury Infection and Critical Care with 3,512, and Kidney International with 3,334.

Analysis of Co-Occurrence Keywords and Burst Terms
As illustrated in Figure 6a, the co-occurrence network reveals several prominent clusters, each representing a distinct 
thematic focus within the field: Core Clinical and Pathophysiological Terms: The most frequently occurring keywords 
include “acute renal failure” (occurrences: 187, total link strength: 648), “rhabdomyolysis” (118, 355), and “injury” (76, 
233). These terms anchor the network, reflecting ongoing research attention to the core clinical manifestations and 
pathophysiological mechanisms of CS. Management and Outcomes: Terms such as “management” (108, 457), “mortal
ity” (40, 173), and “failure” (39, 133) highlight the field’s strong emphasis on therapeutic strategies, patient outcomes, 
and critical care management. Disaster and Earthquake-Related Focus: Keywords like “victims” (91, 420), “Marmara 

Figure 4 Visualization map depicting the collaboration among different authors.
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Table 3 Bibliometric Indicators of High-Impact Journals

Journal h_index g_index m_index IF 2023 JCR 2023 TP TP_rank TC TC_rank PY_start

INJURY-INTERNATIONAL JOURNAL OF THE CARE OF THE INJURED 11 15 0.524 2.2 Q2 15 2 264 7 2005
NEPHROLOGY DIALYSIS TRANSPLANTATION 11 15 0.423 4.8 Q1 15 3 448 4 2000

JOURNAL OF TRAUMA AND ACUTE CARE SURGERY 9 12 0.375 NA NA 12 6 NA NA 2002

AMERICAN JOURNAL OF EMERGENCY MEDICINE 7 14 0.269 2.7 Q1 17 1 203 12 2000
EMERGENCY MEDICINE JOURNAL 7 9 0.304 2.7 Q1 9 8 130 23 2003

SHOCK 7 11 0.304 2.7 Q1 13 4 103 33 2003

RENAL FAILURE 6 8 0.231 3 Q1 8 12 239 10 2000
ACTA ORTOPEDICA BRASILEIRA 5 6 0.294 0.5 Q4 6 15 4 684 2009

CRITICAL CARE 5 6 0.238 8.8 Q1 6 17 268 6 2005

EUROPEAN JOURNAL OF TRAUMA AND EMERGENCY SURGERY 5 8 0.263 1.9 Q2 9 9 42 73 2007
JOURNAL OF SURGICAL RESEARCH 5 5 0.333 1.8 Q2 5 28 53 57 2011

KIDNEY INTERNATIONAL 5 6 0.200 14.8 Q1 6 19 514 3 2001

MUSCLE & NERVE 5 7 0.208 2.8 Q2 7 13 170 15 2002
AMERICAN JOURNAL OF KIDNEY DISEASES 4 6 0.154 9.4 Q1 6 16 163 16 2000

CLINICAL NEPHROLOGY 4 5 0.174 1.1 Q3 5 22 109 30 2003

CRITICAL CARE MEDICINE 4 5 0.167 7.7 Q1 5 23 245 9 2002
INTERNATIONAL JOURNAL OF ARTIFICIAL ORGANS 4 5 0.160 1.4 Q3 5 24 35 97 2001

JOURNAL OF HAND SURGERY-AMERICAN VOLUME 4 8 0.308 2.1 Q2 8 10 160 17 2013

PACE-PACING AND CLINICAL ELECTROPHYSIOLOGY 4 4 0.182 1.7 Q3 4 44 108 32 2004

Notes: H_index: The h-index of the journal, which measures both the productivity and citation impact of the publications. g_index: The g-index of the journal, which gives more weight to highly-cited articles. m_index: The m-index of 
the journal, which is the h-index divided by the number of years since the first published paper. IF: Impact Factor, indicating the average number of citations to recent articles published in the journal. 
Abbreviations: JCR_Quartile, The quartile ranking of the journal in the Journal Citation Reports, indicating the journal’s ranking relative to others in the same field (Q1: top 25%, Q2: 25%-50%, Q3: 50%-75%, Q4: bottom 25%); TP, 
Total Publications; TP_rank, Rank of Total Publications; TC, Total Citations; TC_rank, Rank of Total Citations; Average Citations, The average number of citations per publication. PY_start, Publication Year Start, indicating the year the 
journal started publication.
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earthquake” (61, 279), “Hanshin-Awaji earthquake” (27, 139), and “disaster” (28, 119) underscore a sustained interest in 
mass-casualty events, particularly earthquake-induced CS, and the associated challenges in large-scale emergency 
response. Complications and Related Syndromes: Concepts such as “traumatic rhabdomyolysis” (36, 171), “dialysis” 

Figure 5 Analysis of journals. (A). Co-occurrence Networks. (B). Coupling Networks.
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(17, 96), and “pathogenesis” (20, 97) indicate a focus on complications, mechanistic studies, and treatment approaches 
for severe cases.

The overlay visualization (Figure 6b) demonstrates the temporal evolution of research topics. Early research, 
concentrated around 2010 and before, focused on disaster-related keywords (eg, “Hanshin-Awaji earthquake” 
“Marmara earthquake” “traumatic rhabdomyolysis”), reflecting the influence of major earthquake events on the field’s 
development. In more recent years, there is a marked shift toward management, outcomes (eg, “mortality” “manage
ment” “acute kidney injury”), and pediatric considerations (eg, “children”), indicating diversification and maturation of 
research priorities.

The burst keyword analysis (Figure 6c) identifies terms with the strongest citation bursts, signifying periods of intense 
research interest: Early Bursts (2000–2010): Keywords such as “traumatic rhabdomyolysis” (strength: 13.01, 
2000–2006), “Hanshin-Awaji earthquake” (12.45, 2000–2005), and “dialysis” (4.19, 2000–2003) dominated early 
research, reflecting the field’s origins in disaster nephrology and acute care. Transitional and Ongoing Bursts: Terms 
like “diagnosis” (5.21, 2015–2016), “oxidative stress” (3.11, 2016–2020), and “acute kidney injury” (11.65, 2017–2022) 

Figure 6 Continued.
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exhibit strong bursts in the past decade, emphasizing a growing focus on mechanistic insights, advanced diagnostics, and 
renal complications. Recent and Emerging Topics (2022–2025): The latest bursts include “emergency department” (3.02, 
2022–2025), “activation” (3.02, 2022–2025), “children” (3.2, 2023–2025), “disaster” (3.03, 2023–2025), and “victims” 
(2.92, 2023–2025). This shift suggests increasing attention to acute care logistics, pediatric populations, and victim- 
centered disaster response in recent CS research.

Discussion
This bibliometric analysis provides a comprehensive overview of the research landscape in CS from 2000 to 2025, 
focusing on publication trends, authorship, international collaboration, keyword analysis, and emerging research areas. 
Our findings demonstrate a clear upward trajectory in publication output, with a steady annual growth rate and increasing 
international collaboration.

The present analysis confirms that the USA, China, and Turkey are the leading contributors to CS research. The USA 
maintains the highest overall impact, as evidenced by both citation metrics and its central role in international 
collaborations. This prominence is likely due to well-established research infrastructure, significant funding resources, 
and a tradition of medical leadership.17 China’s research volume reflects its expanding investment in science and 
technology, while Turkey’s notable output is closely linked to frequent earthquake events and a longstanding focus on 
disaster medicine. Notably, our data show that the surge in publications in 2023 is strongly associated with Turkish 
contributions following the Kahramanmaraş earthquake, which generated a significant number of new studies addressing 
the management and outcomes of CS in disaster settings. CS, most often resulting from traumatic rhabdomyolysis after 
mass disasters, remains a major clinical challenge. AKI is the most severe and life-threatening complication of CS.18 

Recent studies, particularly from China, have advanced our understanding of the molecular mechanisms underlying CS- 
associated AKI, including the role of ferroptosis—a regulated form of cell death characterized by lipid peroxidation and 
iron overload—as a promising therapeutic target.19

Figure 6 Analysis of co-occurrence keywords and burst terms. (A). Visual analysis of keyword co-occurrence network analysis. (B). Temporal evolution of co-occurrence 
keywords. (C). Top 20 keywords with the strongest citation bursts.
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Among individual researchers, Dr. Sever MS of Turkey stands out as a global authority; his extensive work in disaster 
medicine has emphasized the importance of rapid intervention, including airway protection, fluid resuscitation, and 
aggressive management of complications, all of which are vital to reducing the high mortality rate (approximately 20%) 
associated with CS.20,21 These findings underscore the ongoing need for preparedness, prevention strategies, and 
continuous research and training in disaster and emergency medicine.

At the institutional level, the University of Health Sciences Turkey and Ghent University are among the most prolific 
contributors, both regionally and internationally. The prominence of the University of Health Sciences Turkey reflects the 
country’s ongoing commitment to disaster preparedness due to geographic vulnerability.20–23 Importantly, the significant 
contribution from Belgium is largely attributable to the leadership of Professor Raymond Vanholder of Ghent University, 
who is Chair of the Renal Disaster Relief Task Force (RDRTF) of the International Society of Nephrology. His leadership 
and scientific activity have played a central role in shaping Belgium’s output in this field.23,24 The strong networks and 
output from these institutions illustrate the influence of both local disaster burden and global research collaboration on 
shaping the CS research landscape.

Key journals such as Injury-International Journal of the Care of the Injured, Nephrology Dialysis Transplantation, 
and Kidney International serve as primary publication platforms for influential CS research. The pattern of research 
output and collaboration is shaped by a combination of socio-economic factors, research capacity, and the particular 
public health challenges unique to each country and institution.

Keyword Analysis and Emerging Trends
Thematic clustering of high-frequency keywords reveals that the field’s core focus remains on acute renal failure, 
rhabdomyolysis, and injury, alongside expanding interest in management strategies, disaster response, and patient 
outcomes. Early research in CS was dominated by disaster-related themes (eg, “traumatic rhabdomyolysis”, “Hanshin- 
Awaji earthquake”, and “dialysis”), reflecting the influence of major earthquakes and mass-casualty events on the field’s 
development. Ongoing citation bursts for terms such as “victims”, “Marmara earthquake”, and “Armenian earthquake” 
further underscore the central role of disaster medicine in shaping CS research.

Over the past decade, the research focus has shifted toward more specific clinical and mechanistic topics. AKI has 
emerged as a critical research hotspot, highlighted by a sustained citation burst from 2017 to 2022. AKI in CS is closely 
related to the process of rhabdomyolysis and the nephrotoxic effects of myoglobin released from damaged muscle tissue. 
This pathophysiological cascade, characterized by systemic inflammation, oxidative stress, and regulated cell death 
(including ferroptosis), has prompted growing interest in underlying mechanisms and novel therapeutic strategies.19,25

Another emerging topic is acute compartment syndrome (ACS), which frequently arises from crush injuries and requires 
rapid diagnosis and intervention to prevent irreversible muscle and nerve damage.26,27 ACS of the hand, for example— 
commonly triggered by crush injuries or prolonged pressure—necessitates prompt surgical intervention to preserve 
function. Recent clinical reports reinforce the importance of vigilance and timely management to reduce morbidity.28–30

Recent years have also seen increasing attention to pediatric populations, as reflected by the prominence of the keyword 
“children” in recent citation bursts. The unique physiology and vulnerability of children necessitate dedicated treatment 
protocols and disaster preparedness plans. Disasters disproportionately impact pediatric kidney injury outcomes due to 
disrupted infrastructure, highlighting the importance of education and planning for clinicians and families.21,22,31,32

Additionally, research trends indicate ongoing efforts to optimize acute care logistics, triage, and victim-centered 
management during mass-casualty incidents, as seen in bursts for “emergency department” “disaster” and “victims.” 
While not a primary feature of CS, recent research has also explored double crush syndrome and related nerve 
compression pathologies, reflecting increased awareness of secondary musculoskeletal and neurological complications 
in trauma survivors.33,34

This evolution in research themes parallels wider trends observed in emergency medicine and disaster research. 
Recent bibliometric analyses have highlighted the growing contribution of emergency physicians and the expanding 
research focus on injury, trauma, and disaster epidemiology across the field, situating CS research within a dynamic and 
multidisciplinary context.35–38
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In summary, the evolution of keyword and citation burst trends in CS research demonstrates a transition from 
disaster-driven epidemiological studies to a multifaceted focus on clinical complications (particularly AKI and ACS), 
mechanistic research, pediatric care, and acute management strategies. This progression reflects the field’s adaptation to 
emerging clinical challenges and the growing importance of translational and patient-centered research.

Significance and Limitations
This bibliometric study provides researchers with a clearer understanding of current research hotspots, influential authors, 
and leading institutions in CS. By identifying prominent journals and emerging trends, this analysis helps researchers 
locate relevant sources, track the evolution of key topics, and identify potential collaborators. Insights from keyword and 
citation burst analysis enable a focus on areas of increasing academic and clinical interest, facilitating the identification of 
new developments that could influence future studies and clinical practice. However, this study has several limitations. 
First, it was limited to a single database (WoSCC), which may have resulted in the exclusion of relevant studies indexed 
elsewhere. Second, only articles published in English were included, potentially leading to the omission of important 
research published in other languages. Third, the exclusion of book chapters, editorials, and non-peer-reviewed materials 
may have resulted in the loss of valuable perspectives. Finally, keyword analysis may miss emerging terms that lack 
consistent use across publications, limiting the ability to fully capture evolving research trends.

Conclusion
This study employed bibliometric methods, including co-authorship and co-citation analyses, to systematically evaluate 
the research landscape of CS from 2000 to 2025. The analysis identified several key research hotspots—most notably 
acute kidney injury—while highlighting that recent frontiers have increasingly emphasized complications such as acute 
compartment syndrome and nerve-related conditions. There is also a notable and growing focus on pediatric aspects, 
reflecting the heightened attention to the unique challenges encountered in managing CS in children. These findings 
underscore the critical importance of disaster preparedness, rapid intervention, and multidisciplinary collaboration for 
improving outcomes among CS patients. Looking ahead, future research in CS is expected to concentrate on advances in 
molecular pathophysiology, particularly the exploration of ferroptosis and other regulated cell death pathways as 
potential therapeutic targets, as well as the development and validation of early diagnostic biomarkers and risk 
stratification tools. Innovations in acute management protocols, including personalized approaches for high-risk popula
tions such as children and the elderly, are also anticipated to be at the forefront of investigation. Furthermore, there is a 
growing need for research on long-term outcomes and rehabilitation for CS survivors, as well as the integration of digital 
health technologies and telemedicine in disaster response and CS management. Expanding bibliometric analyses to 
compare CS research trends with those in other fields of emergency and disaster medicine may further inform policy and 
resource allocation. Collectively, this study provides foundational insights into the current research landscape and 
prospective directions for CS, offering valuable guidance for clinicians, researchers, and health policymakers aiming 
to enhance both the clinical management and scientific understanding of crush syndrome.
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