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TOP 100MOST CITED ARTICLESON THEUSEOF OZONEINDENTISTRY:BIBLIOMETRICANALYSIS

ABSTRACT

Introdution:cdensity(number of citations per year), first author's country, year of publication, study design and
subject.

VOSviewersoftwarewasusedtocreategraphicalbibliometricmaps.Results: Thetotalnumberofcitationspaperswhichfrom1

3 to 180, and only eight were cited more than 100 times. Papers were published from 1997 to 2022, mainly

indentistryjournals. Thestudiesoriginatedfrom30differentcountriesandthemostpaperswerefromGermany
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(16%) and Turkey (15%). In total, 250 keywords were used and the most used were ozone 50 (20%), dentistry
8(3,2%) and periodontitis 7 (2,8%). Conclusions: 1) Germany was the main country that contributed to
fieldresearch on the use of ozone in dentistry 2) The University of Basel was the most productive university in
theresearched field; 3) Clinical Oral Investigations was the journal that led the ranking with the most
articlespublished, 4) The keyword ozone was the most used in the articles; 5) Oral and maxillofacial surgery was

theresearch area mostaddressedbythel00mostcitedarticles.
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INTRODUCTION

Ozone is an immunostimulant, antimicrobial, and biocompatible agent [1], and there is evidence

ofitseffectivenessasa therapeuticagentinboth medicine anddentistry[2].

In dentistry specifically, it is used through various indirect application methods, including
gaseousozone generators, ozonated water, and ozonated oil [3]. These diverse applications are being studied across
severalspecialties,suchas endodontics [4, 5, 6], restorativedentistry[2,7, 8], oral medicine[9,10, 11], surgery[12,
13,
14],periodontics[3,15,16],implantology[17,18,19],amongothers.

Althoughlaboratorystudiessuggestafavorablepotentialforozoneuseindentistry,clinicalevidencesuppo
rting its routine application as a treatment modality remains limited. Therefore, well-designed studies

areessentialtoassesstheefficacyandsafetyof thistherapeuticapproach [20].

Generally, studies with the highest methodological rigor are published in journals with the
greatestimpact. Consequently, bibliometric analyses have emerged to identify significant articles that influence
medicalpractice and inspire new research ideas [21]. These bibliometric methods evaluate the quality, credibility,
andimpactofstudies[22,23]throughcitationanalyses,whichassessresearchperformance[24]anddeterminewhetherit has
achieved its objectives in a specific area of health research [25]. As a result, they assess numerous publicationsfrom
institutionsacrossdifferentcountries[26].

In2021,thePubMeddatabaserecordedoverthreehundredbibliometricreviewarticlesinthehealthfield,fo
cusingonevaluatingthetop100citedarticleswithintheirareasofinterest,manyofwhichwererelatedtoDentistry[27].Ho
wever,asearchusingtheMeSHdescriptors'Bibliometrics’AND'ozonetherapy’ AND'dentistry'yielded no results in
this database. Consequently, a bibliometric study on the use of ozone therapy in dentistrycould significantly
contribute to the scientific literature by guiding future research and publications. It wouldenableresearchersto

track theprogressofstudiesin thisarea and deepentheirunderstanding.

Thus, the objective of this bibliometric analysis was to identify and classify the 100 most

citedarticlesrelatedtothe clinicaluse of ozone indentistry.

MATERIALANDMETHODS

“The literature search was conducted following the Strengthening the Reporting of
ObservationalStudies in Epidemiology (STROBE) guidelines, using the Clarivate Analytics Web of Science
database.
Thismethodologyissimilartothatdescribedinapreviousstudy,whichanalyzedtherankingofthel0Omostcitedarticles
related to orthognathic surgery, and another study, which focused on the 100 most cited

articlesconcerningthirdmolarsurgery.Asareview, thisstudyisexemptfromresearchethicshoardapproval” [27-28].
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Searchstrategy

A search was conducted on October 10, 2022, using Clarivate Analytics' Web of Science database.
Thesearchtermsincluded*“ozone”or*ozonetherapy”or“ozonized”combinedwith*“dentistry”or“dental”inthetitleand/
orabstract. TheresultswereextractedintoatableusingMicrosoftExcelandorganizedindescendingorderofcitation

count.Manuscriptswere selected by twoindependent,previously calibratedresearchers.

To be included in this study, publications needed to mention ozone in the title and/or abstract.
Publicationsunrelated to the topic were excluded. There were no restrictions on the year of publication, journal

impact factor,study design,or manuscriptlanguage.

The most cited articles were manually analyzed for the following information from the Clarivate
Analyticsweb of Science database: number of citations, year of publication, journals, keywords, authors,
contributinginstitutions, countries, and research fields in dentistry. The country of origin and contributing

institution of eacharticleweredeterminedbasedon the addressprovidedforthefirstcorrespondingauthor.

The number of articles and citations per article were graphed using the Statistical Package for the
SocialSciences (SPSS version 22.0). The relationship between authors was determined based on how frequently

theycitedeachother,usingnetworkvisualizationcreatedwithVV OSviewersoftware(LeidenUniversity,Netherlands).

RESULTS

The initial search identified 743 articles in the database. After reviewing titles and abstracts, the 100
mostcitedmanuscriptsinvolvingozoneindentistrywerelistedinTablel,orderedbycitationcount. Thestudyselectionproc

ess,includingthesearch strategy used inthedatabase,issummarized inaflowdiagram (Figurel).

Authorspublicationsandcitations

Thenumberofauthorsrangedfromonetotwelve,withameanof4.80+2.23. Theauthorsandco-authorswith  the
highest number of publications among the top 100 were Edward Lynch (8), Reinhard Hickel (5),

andHakkiOguzKazancioglu (5).Figure2 providesagraphicalrepresentation ofthenetworkbetweentheauthors.
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Thearticleswiththehighestnumberofcitationsamongthetop100werebyFliefelR(2015)withatotalof 180
citations, Azarpazhooh A (2008) with 158 citations, and Baysan A (2000) with 146 citations. The
numberofcitationsrangedfrom13t0180,withameanof38.56+33.06.0nly8articlesreached100citations(Tablel).

The earliest manuscript inthis bibliometric analysis was publishedin1997byFilippi A inOzone; Science&
Engineering (OSE) and was cited 15 times. The most recent article was published in 2022 by Rapone B

inInternationalJournalofEnvironmental Research andPublicHealth (IJER)and wascited33 times.

Figure 3 illustrates the correlation between the number of citations and the year of publication of
thestudies. The citation distribution shows significant peaks in the years 2008 and 2015, with the top 100

studiesreceiving 436and413citations, respectively.

Institutionsandcountries

A total of 76 different international institutions are associated with these studies. The University of
Baselled the list with 5 manuscripts published among the top 100 most cited, followed by BezmialemVakif
Universitywith4articles.

Thestudiesoriginatedfrom30differentcountries.
TheleadingcountrieswereGermanywith16manuscripts, Turkeywith15articles, Italywith12articles,andSwitzerlandwi

th11manuscripts.England,Japan,andtheUSAeachcontributedeightmanuscriptstothetopl00articles(Figures4ands).

Journals

The 100 most cited articles involving ozone in dentistry were published in 59 different journals.
ClinicalOral Investigations (COI) led the list with 7 articles, followed by American Journal of Dentistry (AJD)
with
Sarticles.EuropeanJournalofOralSciences(EJPS),JournalofCraniofacialSurgery(JCS),JournalofEndodontics(JE),

andLasersin MedicalScience(LMS)each publishedfourarticles(Figure6).

Keywords

A total of 250 keywords were used across the top 100 articles. The five most frequently used
keywordswere: ozone (50 times, 20%), dentistry (8 times, 3.2%), periodontitis (7 times, 2.8%), ozone therapy (6
times,2.4%), and disinfection (5 times, 2%). The most frequently used keyword appeared in 50 studies, with
thefrequency of keywords ranging from one to fifty occurrences. Figure 7 provides a graphical representation of

thekeywordsinmapform.
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ResearchField

Figure 8 displays the research fields covered by the 100 most cited articles on ozone in dentistry.
Theleading fields were Oral and Maxillofacial Surgery (OMFS) and Operative Dentistry, each with 19
studies,followed byMicrobiologywith 18studies.

Another significant finding from this bibliometric analysis is that 9 studies within the top 100

evaluatedozoneasan alternative treatmentformedication-related osteonecrosisofthe jaw(MRONJ).

Time-patternofpublications

Based on the distribution of the 100 articles over the years, 2008, followed by 2009 and 2012, were

theyearswiththehighestconcentration ofpublications,with12,10,and 9studiesrespectively (Figure9).

DISCUSSION

This paper aims to conduct a bibliometric analysis of ozone therapy in dentistry. Given the
considerablegrowth in scientific publications over time, bibliometric methods can assist researchers andclinicians in
identifyingkey factors to consider when choosing where to publish their work or where to search for information
on a field. Thus,alistofthetop100most-
citedarticlesonozonetherapyindentistrywascompiled,accompaniedbygraphicdatavisualizationstoprovideresearcher

sand academicswith a better understanding of thesubject.

One important parameter in bibliometric analyses is the total number of citations, with articles
receivingover 100 citations often classified as classics [25]. While studies with high citation rates are generally
consideredinfluential in their field, a low citation count does not necessarily indicate poor quality [29], as citation
patternscan vary greatly depending on the type of publication, research, and discipline, and their significance can

evolveover time [26].

Thetwomostcitedarticlesonozoneindentistryweresystematicreviews. Themostcitedstudydiscussedozone as
an adjunctive treatment for bisphosphonate-related osteonecrosis of the jaws [9], while the second mostcited
article systematically reviewed the clinical application and potential of ozone remineralization in dentistry[20].
The third most cited article featured an in vitro study designed to evaluate the antimicrobial effect of ozonefrom a
new ozone-generating device on primary root caries lesions, specifically targeting Streptococcus mutansand

Streptococcussobrinus[2].

Intermsofdisciplines,OralandMaxillofacial Surgery(OMFS)andOperativeDentistryleadtheranking. The
high number of citations in these areas can be attributed to the success of ozone therapy in decontaminatingboth
surgical and clinical environments. Ozone therapy has established itself as an extremely effective
alternativetreatmentforchallengingconditionssuchasmedication-
inducedosteonecrosisofthejaws(MRONJ)[9,30,31,
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32,
33,34].Additionally,cthersurgicalproceduresbenefitfromozonetherapy,includingthirdmolarextractions[13,14],oralp
athology[11],temporomandibular disorders[35],and dentalimplants[17,18,19,36].

Decontaminationofcariesisalsoawell-establishedprocedure[7,37,38,39,40,41,42,43],including

rootcariesdecontaminationanditsuseasanendodonticirrigation solution[2,4,5,6,44,45,46,47,48,49].

Bibliometrics provides a tool that can be scaled from the micro level (institutions) to the macro
level(countries)[26]. Inthisanalysis,thediverserangeofstudiesisevident,withcontributionsfromover70institutions,not

ably theUniversityofBasel,and 30differentcountries,with Germany being prominent.

Ozonegenerationisconsideredacost-effectiveandefficientmethod. Althoughmostleadingcountriesarehigh-
income economies, Turkey, a middle-income country, stands out as a significant contributor to research onthis
topic. The subject of ozone therapy is taken seriously by researchers, as evidenced by the high impact
factorsofseveraljournalslistedinthetop100,suchasClinicalOralInvestigations[17,50,51,52,53,54,55]andJournalof
Endodontics [47, 50, 56, 57]. Increased international collaborations and the use of the Internet could

furtherexpandthe volumeof publicationsand fosterknowledge exchangeamongresearchers.

As noted in the literature, using appropriate keywords is crucial for extensive article dissemination
[28,58]. The keyword ozone was used in only half of the most-cited articles, often alongside related terms such
asdentistry or periodontitis. Despite its relevance, ozone therapy is not listed among MeSH keywords. The

authorssuggestadoptingMeSHkeywordsforstandardization andbroaderuse [59].

In conclusion, the application of ozone in dentistry and medicine has increased in recent years due to
itsrecognized benefits [36]. However, the bibliometric data from this study indicate that the years 2008, 2009,
and2012 were the most productive, with peaks in citations observed in 2008 and 2015. Despite the expected rise
inpublicationsoverthelastfiveyears,theoldestarticleintheanal ysiswaspublishedin1997[60]andthemostrecentin 2022
[7]. It is important to consider that the ranking of the 100 most cited articles represents the currentlandscape,

andongoingscientific advancementsnecessitateperiodic updatesto reviews.

A major limitation of this study is the reliance on the Web of Science for bibliometric analysis.
Otherbibliometric databases, such as Medline, Embase, and Cochrane Library, were not included. However, Web
ofScience is widely used due to its established metrics for comparing journal impact within disciplines
throughJournal Citation Reports (JCR; Clarivate Analytics). Factors such as journal and author self-citations,
incompleteciting,andmanuscriptavailabilitycanaffectcitationrates. Thus,whilemanyjournalsreportonozoneindentistr

y,thisreflectsgrowing interestin thetopicrather thannecessarilyindicatinghigh-quality research.
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CONCLUSIONS

Thisbibliometricanalysiscanleadustoconcludethat:1)Germanywasthemaincountrythatcontributedto  field
research on the use of ozone in dentistry 2) The University of Basel was the most productive university inthe
researched field; 3) Clinical Oral Investigations was the journal that led the ranking with the most
articlespublished, 4) The keyword ozone was the most used in the articles; 5) Oral and maxillofacial surgery was

theresearch area mostaddressedbythel00mostcitedarticles.

Thebibliometriclisthelpslocatestudiesonspecifictopicsandhighlightstrendsintheresearchovertime.

Theseresultscanguideauthorsonwheretoconsidersubmittingtheirresearchonozonetherapyindentistry.
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ABBREVIATIONS

AD: Annals ofDermatology; ADJ: AustralianDental Journal; AJD: AmericanJournal of Dentistry; AMR: Archivesof
Medical Research; AMS: Advances in Medical Sciences; AO: Angle Orthodontist; ASB: Applied Sciences-
Basel; B: Biomaterials; BF: Biofactors; BOH: Bmc Oral Health; BOR: Brazilian Oral Research; BRI:
BiomedResearchInternational;CA:CollegiumAntropologicum;CDSR: CochraneDatabaseOfSystematic

Reviews; COI: Clinical Oral Investigations; COIR: Clinical Oral Implants Research; CR: Caries Research;
DM:Dental Materials; DMJ: DentalMaterialsJournal; D T: Dental Traumatology; EJPS:EuropeanJournalofOral Science
s;HTA:HealthTechnologyAssessment; IEJ: InternationalEndodonticJournal; IJER:InternationalJournalofEnvironmen
talResearch and Public Health;IJOMI:InternationalJournal ofOral& Maxillofacial

Implants; IJOMS: InternationalJournalofOralandMaxillofacialSurgery; 1JP: International Journal of

Prosthodontics; IN: InterventionalNeuroradiology;JAD:JournalofAdhesiveDentistry;JAOS:JournalofAppliedOral
Science; JBO: Journal of Bone Oncology; JCPD: Journal of Clinical Pediatric Dentistry; JCS: Journal
ofCraniofacial Surgery;JD:JournalofDentistry;JDR:JournalofDentalResearch;JDS:Journal ofDentalSciences;JE:Jo
urnalofEndodontics;JERD: JournalofEstheticAndRestorativeDentistry;JFMA:JournaloftheFormosanMedical
Association; JP: Journal of Periodontology; JPIERD: Journal of Prosthodontics-Implant Esthetic
andReconstructiveDentistry;JPIS:JournalofPeriodontaland ImplantScience;JPR:Journal ofPeriodontalResearch;JP
RE: Journal of Pain Research; LMS: Lasers in Medical Science; LSM: Lasers in Surgery And Medicine; MGR:Medical
Gas Research; MSE: Materials Science & Engineering C-Materials for Biological Applications; NM:
NewMicrobiologica; O: Odontology; OMI: Oral Microbiology and Immunology; OO: Oral Oncology; OSE:
Ozone-
Science&Engineering;QUADO:OralSurgeryOralMedicineOralPathologyOralRadiologyandEndodontology; PLS:
Photomedicine and  Laser  Surgery; PPT:. Photodiagnosis and  Photodynamic  Therapy;
QI:Quintessencelnternational;SDJ: SwedishDentalJournal;SR:ScientificReports; STAM:Scienceand Technologyof

AdvancedMaterials.
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COPILOT, etc) and text-to-image generators have been used during writing or editing of manuscripts.

Option 2:

Author(s) hereby declare that generative Al technologies such as Large Language Models, etchave been
used during writing or editing of manuscripts. This explanation will include the name, version, model,
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