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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Magnetic Resonance Imaging (MRI) is a
cornerstone of modern diagnostic imaging, offering high-
resolution, non-ionizing visualization across diverse clinical
specialties. Despite its advantages, MRI raises safety concerns,
including projectile risks, radiofrequency burns, and adverse
reactions to contrast agents, as well as challenges in patient
awareness and compliance. While multiple studies have
addressed MRI safety and education, a structured bibliometric
analysis of global research trends in this area remains limited.

Objective: This study aimed to conduct a bibliometric
analysis of global research on MRI safety and patient awareness
published between 2000 and 2025. Specific objectives included
examining publication trends, identifying leading contributors,
mapping research themes, and highlighting gaps for future
investigation.

Methods: Data were retrieved from the OpenAlex database in
August 2025 using controlled vocabulary and Boolean search
strategies. Eligible documents included peer-reviewed original
and review articles published in English between 2000 and
2025. Bibliometric indicators were extracted and analyzed using
VOSviewer, Bibliometrix R, and Microsoft Excel. Analyses
included co-authorship networks, citation impact, keyword co-
occurrence, and country-level contributions.

Results: A total of 4,342 records were retrieved, with the
United States leading global output (979 publications, 19,976
citations), followed by Germany (188 publications, 4,547
citations) and the United Kingdom (147 publications, 2,461
citations). Case Western Reserve University (46 publications,
1,371 citations) and Johns Hopkins University (41 publications,
1,181 citations) ranked among the top institutions. Influential
researchers included Joseph W. Boggs (28 publications, 1,140
citations) and Frank G. Shellock (27 publications, 1,069
citations). Keyword analysis revealed research clusters focused
on “MRI safety,” “patient awareness,” “contrast agents,” and
“screening protocols.” Recent trends emphasized digital health
applications and workflow optimization in MRI safety practices.

Conclusion: Global research on MRI safety and patient
awareness has expanded significantly over the past 25 years,
shifting from technical risks to patient-centered approaches
and digital health integration. Despite progress, gaps remain

© GMN

in international collaboration and research from low-
resource settings. Future work should prioritize standardized
safety protocols, educational interventions, and equitable
implementation of MRI safety practices worldwide.

Key words. Magnetic Resonance imaging, MRI safety,
patient awareness, bibliometric analysis, health information
technology, global research trends.

Introduction.

Technological advances have profoundly influenced modern
healthcare, particularly within diagnostic imaging. Magnetic
Resonance Imaging (MRI) is regarded as one of the most
transformative modalities in radiology due to its high-resolution,
non-ionizing imaging capabilities. It is widely applied across
clinical specialties to support diagnosis, treatment planning, and
patient monitoring. However, the increasing utilization of MRI
raises critical concerns regarding patient safety, awareness, and
adherence to established safety protocols [1].

MRI safety risks include radiofrequency burns, projectile
incidents involving ferromagnetic materials, and adverse
reactions to gadolinium-based contrast agents (GBCAs) [2].
The American College of Radiology (ACR) emphasizes the
implementation of structured MRI safety programs, including
the designation of MRI Safety Officers, as a key measure to
mitigate these risks [3]. Research also suggests that insufficient
patient knowledge regarding MRI procedures contributes to
non-compliance, anxiety, and diagnostic delays [4].

Globally, MRI safety has been the subject of extensive
investigation. Early foundational guidelines were established
by Shellock and Kanal [5], with subsequent studies refining
these standards in light of new evidence. In Europe, Critchley
et al. [6] examined the role of patient screening forms and staff
training in reducing MRI-related incidents. In Japan, Fujii et al.
[7] addressed pediatric MRI safety, underscoring the importance
of sedation strategies and informed parental consent.

Patient awareness remains an essential dimension of MRI
safety. A cross-sectional study conducted in Iran revealed that
more than 40% of patients scheduled for MRI scans had little or
no understanding of the procedure, resulting in increased anxiety
and reduced cooperation [8]. Educational strategies, including pre-
MRI videos and brochures, have been shown to enhance patient
comprehension and minimize motion artifacts [9-14].
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From a digital health perspective, Health Information
Technology (HIT) supports MRI safety through tools such as
electronic screening systems, incident reporting, and workflow
optimization. Evidence from Saudi Arabia has demonstrated
that the adoption of HIT reduced medication errors and
enhanced clinical documentation, highlighting its potential role
in promoting diagnostic safety [15-20].

Despite a substantial body of research, a structured bibliometric
analysis of global MRI safety and patient awareness remains
scarce. Such an analysis is essential to identify influential
publications, map collaboration patterns, and highlight research
gaps that can guide evidence-based clinical and educational
practices.

Objectives.

This study aims to conduct a bibliometric analysis of global
research on MRI safety and patient awareness published
between 2000 and 2025. The specific objectives are:

1. To examine global publication trends and growth patterns in
MRI safety and patient awareness research.

2. To assess the productivity and citation impact of leading
authors, institutions, countries, and journals.

3. To identify key themes, frequently used keywords, and co-
authorship networks in this research field.

4. To highlight research gaps and propose future directions for
MRI safety practices and patient education.

Methodology.

Study Design: This study applied a bibliometric approach
to examine publication patterns, influential contributors,
collaborative structures, and thematic developments in MRI
safety and patient awareness research between January 1, 2000
and August 31, 2025.

Data Source: Data were retrieved from OpenAlex, an open
bibliographic database indexing more than 250 million scholarly
works across multiple disciplines. The dataset was exported on
August 25, 2025.

Search Strategy:

A structured Boolean search was used to identify
eligible  publications. = Both  controlled  vocabulary
and  free-text terms were included to  ensure
comprehensive coverage. The final search string was:

("MRIsafety" OR "MR safety" OR "magnetic resonance imaging
safety" OR "radiofrequency safety" OR "static magnetic field"
OR "gradient coil safety" OR "peripheral nerve stimulation"
OR "acoustic noise" OR "SAR" OR "MRI screening form" OR
"MRI safety officer" OR "gadolinium" OR "contrast agent*"
OR "patient awareness" OR "patient education" OR "sedation"
OR "anesthesia" OR "workflow" OR "incident reporting" OR
"checklist" OR "screening protocol*").

AND (language:English)

AND (from_publication date:2000-01-01 TO 2025-08-31)
Eligibility Criteria.
Inclusion criteria:

* Peer-reviewed original research articles and review papers.

* Publications addressing any aspect of MRI safety, patient
awareness, risk factors, contrast agent safety, education, or
workflow.
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* Articles written in English.
* Human-centered or engineering research directly relevant to
MRI safety

Exclusion criteria:

« Editorials, commentaries, letters, and conference abstracts.

* Non-English publications.

* Articles unrelated to MRI safety or awareness (e.g., imaging
modalities not involving MRI).

* Duplicate records.

Screening and Data Extraction:

Duplicates were removed using DO, title, and author matching.
Two reviewers screened titles and abstracts independently;
disagreements were resolved through discussion.

For each eligible record, the following data were extracted:

* Year of publication

* Title

* Authors

* Author affiliations

* Country of origin

* Journal/source

* Author keywords

« Citation count

The dataset was exported in CSV format for subsequent
analysis.

Affiliation Cleaning and Normalization:

To address inconsistencies in institutional names and reduce
misclassification:

1. Affiliation strings were standardized using the Research
Organization Registry (ROR).

2. Device names, product labels, and commercial brands (e.g.,
“Sprint PNS System”) were removed.

3. Ambiguous entries were resolved using fuzzy matching to
canonical university and hospital names.

4. Non-academic entities were excluded from the institutional
ranking analysis.

This refinement ensured that only legitimate academic and
clinical research institutions were included in the final tables
and figures.

Bibliometric Analysis Tools:

Three tools were used:

* Bibliometrix (R package): annual productivity trends, top
journals, top authors, citations

* VOSviewer (version 1.6.xx):

o co-authorship networks

o keyword co-occurrence clustering

o country collaboration maps

* Microsoft Excel: descriptive statistics, charts, and table
formatting

Keyword co-occurrence thresholds:

Minimum keyword frequency = 5 occurrences.

Map layout = LinLog with association-strength normalization.
Ethical Considerations:

This study used publicly available bibliographic metadata and

did not involve human subjects or identifiable individual data.
Ethical approval was therefore not required.



Results.

Following affiliation cleaning, normalization, and re-ranking,
20 leading academic and clinical institutions were identified as
major contributors to MRI safety and patient awareness research
between 2000 and 2025. Institutions were ranked sequentially
based on document count after the removal of non-academic
entities and product-related entries.

Harvard University ranked first, contributing the highest
number of publications (63 documents) with 1,255 citations and
a total link strength of 821. Case Western Reserve University
ranked second with 46 publications, 1,371 citations, and a total
link strength of 898. Johns Hopkins University ranked third,
contributing 41 publications and 1,181 citations. Other highly
productive institutions included the Massachusetts General
Hospital, Stanford University, and the Mayo Clinic, reflecting
sustained institutional engagement in MRI safety research and
strong inter-institutional collaboration (Table 1 and Figure 1).

At the individual level, Joseph W. Boggs emerged as the most
influential author, with 28 publications and 1,140 citations,
accompanied by a high total link strength (1,326), reflecting
extensive collaborative activity. Frank G. Shellock ranked
second with 27 publications and 1,069 citations, while Brian M.
Ifeld ranked third with 23 publications and 931 citations.

Several authors demonstrated strong collaborative influence
despite lower publication counts. Christopher Gilmore, for
example, achieved a total link strength of 995 across 19
publications, indicating a central role within co-authorship
networks. These findings highlight the presence of a core group
of researchers contributing consistently to the development of
MRI safety knowledge (Table 2 and Figure 2).

Keyword co-occurrence analysis identified distinct yet partially
connected thematic clusters. The most frequent keywords
included “MRI safety,” “patient awareness,” “screening forms,”

“contrast agents,” and “safety protocols.”

The keyword co-occurrence network shown in Figure 3
demonstrates a clear distinction between engineering-focused
and clinically oriented research in MRI safety. The red
cluster emphasizes technical domains such as electromagnetic
exposure, gradient coil safety, and peripheral nerve stimulation,
whereas the green and blue clusters focus on clinical workflows,
including patient awareness, screening protocols, sedation, and
contrast agent safety.

Bridging these domains requires interdisciplinary integration.
Engineering-derived safety parameters (e.g., SAR limits and
device compatibility) should be embedded into electronic
screening forms, clinical decision support tools, and automated
safety alerts to support routine clinical decision-making. In
parallel, health information technology can translate system-
level safety data into workflow checklists and patient-facing
educational tools. As highlighted in Figure 3, aligning
engineering and clinical clusters through collaborative
frameworks is essential for advancing integrated and effective
MRI safety practices.

Country-level analysis showed that the United States was the
leading contributor, with 979 publications and 19,976 citations,
and the highest total link strength. Germany ranked second with
188 publications and 4,547 citations, followed by the United
Kingdom with 147 publications and 2,461 citations.

Additional contributions from India, Canada, China, Japan,
and several European countries reflect the global distribution
of MRI safety research, although substantial differences in
research volume and collaboration strength were evident across
regions (Table 3 and Figure 4).

Discussion.

This bibliometric analysis provides a comprehensive overview
of global research activity on MRI safety and patient awareness

Table 1. Institutional Ranking of MRI Safety and Patient Awareness Research (2000-2025).

Rank Institution

1 Harvard University

2 Massachusetts General Hospital

3 Case Western Reserve University
4 Stanford University

5 Johns Hopkins University

6 Mayo Clinic

7 University of Toronto

8 University of California, San Diego
9 Cleveland Clinic

10 University of Wisconsin—-Madison
11 University of Southern California
12 University of Texas MD Anderson Cancer Center
13 Duke University

14 University of Pittsburgh

15 New York University

16 Brigham and Women’s Hospital
17 Yale University

18 University of Minnesota

19 University of Pennsylvania

20 Duke-NUS Medical School
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Documents Citations g:::;th:lnk
63 1,255 821
49 974 746
46 1,371 898
42 738 720
41 1,181 1,391
40 1,201 902
31 1,052 218
28 1,321 1,779
25 1,729 742
25 234 360
24 1,094 167
23 482 461
22 800 838
21 823 212
13 580 202
14 330 72

11 499 123

9 549 280

8 182 54

7 168 41



Table 2. Top 20 Authors by Citation Impact in MRI Safety and Patient Awareness Research.

Rank Author Documents Citations Total Link Strength
1 Joseph W. Boggs 28 1,140 1,326
2 Frank G. Shellock 27 1,069 27
3 Brian M. Ilfeld 23 931 724
4 Christopher Gilmore 19 889 995
5 Timothy R. Deer 14 889 412
6 J.A. Nyenhuis 14 848 72
7 Steven P. Cohen 17 732 845
8 Dustin J. Tyler 13 699 0

9 Emanuel Kanal 11 646 8
10 Konstantin V. Slavin 13 1,046 99
11 Leonardo Kapural 18 555 537
12 John Chae 12 484 496
13 Amorn Wongsarnpigoon 11 447 399
14 Richard D. Wilson 11 446 476
15 Mehul Desai 18 414 604
16 Niels Kuster 12 429 3
17 Lawrence L. Wald 23 404 267
18 Ban C.H. Tsui 13 239 51
19 Mathias Davids 16 259 268
20 Bastien Guérin 19 350 266

Table 3. Top 20 Countries Contributing to MRI Safety and Patient Awareness Research (2000-2025).

Rank Country Documents Citations Total Link Strength
1 United States 979 19,976 289
2 Germany 188 4,547 122
3 United Kingdom 147 2,461 116
4 India 130 682 14
5 Canada 109 2,913 80
6 China 98 927 40
7 Japan 93 1,100 30
8 Italy 86 1,637 58
9 Switzerland 61 1,688 75
10 France 58 1,807 55
11 Netherlands 44 741 53
12 Spain 42 834 34
13 Australia 73 2,929 43
14 South Korea 36 544 19
15 Turkey 36 411 15
16 Brazil 27 250 31
17 Sweden 31 434 22
18 Belgium 30 702 34
19 Denmark 30 685 18
20 Israel 15 238 23
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between 2000 and 2025. The findings demonstrate sustained
growth in scholarly output over the past two decades, reflecting
increasing recognition of MRI safety as a core component of
diagnostic quality and patient-centered care. The United States
emerged as the dominant contributor, accounting for nearly half
of all publications and citations, a trend consistent with prior
bibliometric analyses in radiology and patient safety research
[21]. The strong representation of U.S.-based institutions such
as Case Western Reserve University, Johns Hopkins University,
and Harvard University highlights their influential role in
shaping MRI safety standards, clinical practices, and education
programs [1,4].

At the author level, highly cited contributors such as Joseph
W. Boggs, Frank G. Shellock, and Emanuel Kanal continue
to exert a substantial influence on the field. Their work has
been central to the development of MRI safety frameworks
addressing electromagnetic exposure, device compatibility,
and patient screening procedures [1,4,6]. The prominence of
these authors, together with strong co-authorship link strengths
observed in the network analysis, underscores the collaborative
and interdisciplinary nature of MRI safety research, spanning
radiology, biomedical engineering, anesthesiology, and patient
education [6,7].

The keyword co-occurrence analysis illustrated in Figure 3
clarifies the intellectual structure of MRI safety research and
reveals a partial separation between engineering-focused and
clinically oriented domains. The engineering-oriented (red)
cluster concentrates on radiofrequency exposure, gradient coil
safety, and peripheral nerve stimulation, reflecting a focus on
hardware performance and electromagnetic risk mitigation. In
contrast, the clinical (green/blue) clusters emphasize patient
awareness, screening protocols, sedation practices, and contrast
agent safety, highlighting patient-centered workflows and
procedural safety.

To address this separation, engineering-derived safety
parameters—such as electromagnetic exposure limits and device
compatibility criteria—should be systematically integrated into
clinical workflows through electronic screening systems, clinical
decision support tools, and standardized safety checklists. Such
integration would facilitate the translation of technical safety
constraints into routine clinical practice, improving both patient
understanding and adherence to MRI safety protocols. As
shown in Figure 3, strengthening the linkage between the red
and green/blue clusters is essential for advancing coordinated
and effective MRI safety practices.

Nevertheless, points of convergence were observed around
screening forms, safety checklists, and workflow-related
keywords. These areas represent practical opportunities to bridge
engineering and clinical domains. Integrating engineering-
derived safety parameters, such as specific absorption rate limits
and device compatibility information, into electronic screening
tools and clinical decision support systems may strengthen
adherence to safety protocols and improve patient understanding
[3,4]. Collaboration between biomedical engineers, radiologists,
and health informatics specialists is therefore essential to
enhance the clinical applicability of technical safety research.

The growing emphasis on digital health applications reflects
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a broader shift toward system-level solutions for MRI safety.
Health Information Technology tools, including electronic
screening systems, incident reporting platforms, and workflow
optimization dashboards, have demonstrated potential to
standardize safety practices and reduce preventable errors [15-
20,22]. However, the country-level analysis reveals persistent
disparities in research output and collaboration, with low- and
middle-income regions remaining underrepresented. These
disparities likely reflect limited access to MRI infrastructure,
shortages of trained MRI safety personnel, and constrained
research funding, raising concerns about inequities in global
patient safety standards.

These findings indicate that future advances in MRI safety
and patient awareness will require not only continued technical
innovation but also stronger interdisciplinary integration
and broader international engagement. Aligning engineering
advances with clinical workflows, digital health systems, and
patient education strategies may help translate research evidence
into safer and more consistent MRI practices worldwide.

Strengths and Limitations.

This study offers several strengths. First, it represents the
first comprehensive bibliometric analysis of MRI safety and
patient awareness research spanning a 25-year period (2000—
2025), providing a structured overview of publication trends,
influential authors, and collaborative networks. Second, the
use of OpenAlex as a data source ensured wide coverage
of scholarly works across multiple journals and disciplines,
increasing the reliability of the findings. Third, applying
multiple bibliometric tools (VOSviewer, Bibliometrix R, and
Excel) enabled both quantitative mapping and visual network
analysis, which enriched the interpretation of thematic clusters
and global contributions. Finally, the inclusion of country-level
comparisons and institutional rankings adds practical value
for policymakers and researchers seeking to benchmark and
enhance MRI safety initiatives.

However, some limitations should be noted. First, as with any
bibliometric study, results are dependent on the accuracy and
completeness of the selected database. Although OpenAlex
offers broad coverage, certain publications indexed exclusively
in other databases (e.g., Scopus or Web of Science) may not
have been captured. Second, the search strategy relied on
specific keywords and Boolean operators, which, despite careful
design, may have omitted relevant articles that used different
terminology. Third, the analysis focused only on English-
language publications, potentially overlooking important
research from non-English speaking countries. Fourth,
bibliometric indicators such as citation counts are influenced
by time since publication and journal visibility, which may not
always reflect scientific quality or practical impact. Finally,
the study did not include a qualitative synthesis of MRI safety
interventions, which could provide deeper insights into best
practices and implementation challenges.

Policy and Implementation Considerations.

A key observation emerging from this analysis is the
consistently low research output from regions with limited
resources. This pattern is shaped by several structural challenges,



such as the scarcity of MRI machines, constrained budgets for
imaging-related research, limited availability of trained MRI
safety officers, and the lack of unified national safety policies.
Addressing these gaps requires practical and achievable
measures. One approach is the adoption of standardized, low-
cost safety tools, including validated screening forms, contrast-
safety checklists, and basic incident-reporting templates that can
be implemented without major infrastructure. Digital screening
solutions can also play a supportive role, allowing facilities to
use simple electronic questionnaires or open-source extensions
to strengthen documentation and minimize avoidable errors.
Building the workforce capacity is equally important, and can
be achieved through regional safety courses, online training
modules, and mentorship programs offered by established
MRI centers. Strengthening international collaboration
would further help bridge these disparities, as academic
institutions, professional societies, and global organizations
can share technical expertise, training resources, and research
opportunities. Finally, targeted funding from donor agencies
and international grants can support safety-focused projects and
help emerging centers develop sustainable imaging capabilities.
These efforts can reduce existing inequalities and contribute to
safer, more consistent MRI practices worldwide.

Conclusion.

This study provides the first comprehensive bibliometric
analysis of global research trends in MRI safety and patient
awareness from 2000 to 2025. Findings reveal a steady growth
in publications, led by institutions and authors in the United
States, with significant contributions from Europe and Asia.
The research focus has shifted from technical safety concerns to
patient-centered themes, including awareness, compliance, and
the integration of health information technologies.

Despite these advances, gaps remain in global collaboration,
particularly with underrepresented regions. Future research
should emphasize cross-national partnerships, standardized
safety protocols, and innovative educational interventions
to address patient awareness. Ultimately, advancing MRI
safety requires a balance between technical innovation, policy
enforcement, and patient empowerment.
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