UNDER PEER REVI EW

TOP 100 MOST CITED ARTICLES ON THE USE OF OZONE IN DENTISTRY: BIBLIOMETRIC
ANALYSIS

ABSTRACT

Introdution: Bibliometric analysis have been used to examine research trends and emphases in various disciplines
besides to explore the productivity of researchers, institutions, and countries within given subject areas.
Obijectives: ldentify and classify the 100 most cited articles related to the clinical use of ozone in dentistry.
Methodology: The studies were selected from titles and scopes at Web of Science Core Collection database up to
October 2022. Some bibliometric parameters were extracted as follows: title, number of citations, citation density
(number of citations per year), first author's country, year of publication, study design and subject. VOSviewer
software was used to create graphical bibliometric maps. Results: The total number of citations papers which from
13 to 180, and only eight were cited more than 100 times. Papers were published from 1997 to 2022, mainly in

dentistry journals. The studies originated from 30 different countries and the most papers were from Germany
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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 field
research on the use of ozone in dentistry 2) The University of Basel was the most productive university in the
researched field; 3) Clinical Oral Investigations was the journal that led the ranking with the most articles
published, 4) The keyword ozone was the most used in the articles; 5) Oral and maxillofacial surgery was the

research area most addressed by the 100 most cited articles.
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INTRODUCTION

Ozone is immunostimulant, antimicrobial, biocompatible [1] and there is evidence of its use as a

useful therapeutic agent in treatments in medicine and dentistry [2].

Specifically in dentistry, its use includes indirect application methods of this compound, including
the gaseous ozone generator, ozonated water and ozonated oil [3]. These diversities of applications are being
studied in several specialties such as: endodontics [4, 5, 6], restorative dentistry [2, 7, 8], oral medicine [9, 10, 11],

surgery [12, 13, 14], periodontics [3, 15, 16], implantology [17, 18, 19], among others.

Although laboratory studies suggest a favorable potential for the use of ozone in dentistry, clinical
evidence for its application in routine use as a treatment modality is still limited. Thus, well-designed studies are

essential to respond to the efficacy and safety of this therapeutic modality [20].

In general, studies with the highest methodological rigor are published in journals with the greatest
impact. Thus, bibliometric analyzes emerged to identify important articles that influence medical practice and are
capable of boosting new research ideas [21]. These bibliometric methods allow evaluating the quality, credibility
and impact of a study [22, 23] through citation analyzes that assess the performance of the research [24] and
determine whether it has reached its goal in a given field of health research [25]. Consequently, they evaluate

numerous publications from institutions in different countries [26].

In 2021, considering the PubMed database, more than three hundred bibliometric review articles
were published in the health area, with the purpose of evaluating the top 100 articles cited in their areas of interest,
and many were related to Dentistry [27]. In this same database, no results were found in a search for the MeSH
descriptors '‘Bibliometrics' AND 'ozone therapy' AND 'dentistry’. Therefore, a bibliometric study related to the use
of ozone therapy in the area of dentistry can contribute to the scientific literature, as it serves to guide future
research and publications by allowing researchers the possibility of detecting the progress of studies carried out in

this area and deepening your knowledge.

Therefore, the objective of the present bibliometric analysis was to identify and classify the 100

most cited articles related to the clinical use of ozone in dentistry.

MATERIAL AND METHODS

The literature research was performed according to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines in the Clarivate Analytics’ Web of Science database, using a
similar methodology described in a previous study [28], whose objective was to analyze the ranking of the 100
most cited articles involving orthognathic surgery and [27], whose objective was to analyze the ranking of the 100
most cited articles involving third molar surgery. As a review, this study is exempt from research ethics board

approval.
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Search strategy

A search was performed on October 10, 2022, using Clarivate Analytics' Web of Science database. A
search was performed using terms “ozone” or “ozone therapy” or “ozonized” and “dentistry” or “dental” in the
title and/or abstract. The results were extracted into a table in Microsoft Excel software, organized in descending
order of citation count. The paired selection of manuscripts was performed by two researchers independently and

previously calibrated.

To be included in this study sample, publications should cite ozone in the title and/or abstract. Publications
that did not refer to the topic were excluded. There was no restriction regarding the year of publication, journal

impact factor, study design or language of the manuscripts.

The most cited articles were manually stratified against the following information retrieved from the
Clarivate Analytics Web of Science database: number of citations, year of publication, journals, keywords, authors,
contributing institution, country and research field in dentistry. The country of origin and contributing institution

of the article was defined by the address provided to the first corresponding author.

Number of articles and citations per article were graphed using the Statistical Package for the Social
Sciences software (SPSS version 22.0). The relationship between the authors is determined based on the number
of times they cite each other, using a network visualization made with the VOSviewer software (Leiden University,
Netherlands).

RESULTS

The initial search identified 743 articles in the database. After matching titles and abstracts, the 100 most
cited manuscripts involving ozone in dentistry are listed by classification order based on the number of citations
in Table 1. The process of study selection including the search strategy used in database is summarized in a flow

diagram (Figure 1).

Authors publications and citations

The number of authors ranged between one and 12 (mean 4.80+2.23). The authors and coauthors with the
highest number of publications in the top 100, followed by the respective score, were Edward Lynch (8), Reinhard
Hickel (5) and Hakki Oguz Kazancioglu (5). Figure 2 shows a graphical representation regarding the network

between the authors.
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The most article citations in the top 100 were by Fliefel R, 2015, with a total of 180 citations, Azarpazhooh
A, 2008, with 158 occurrences and Baysan A, 2000, with 146 occurrences. The number of citations ranged between
13 and 180 (mean 38,56+33,06). Only 8 articles reached to 100 citations (Table 1).

The first manuscript in this bibliometric analysis was published in 1997 by Filippi A, in Ozone-Science
& Engineering (OSE) and was cited 15 times, while the most recent was published in 2022 by Rapone B in

International Journal of Environmental Research and Public Health (IJER) and was cited 33 times.

Figure 3 shows the correlation between the number of citations and the year of publication of the studies.
The citation distribution line shows high peaks in the years 2008 and 2015, with higher citations added to the top
100 studies, with 436 and 413 respectively.

Institutions and countries

A total of 76 different international institutions are related to these studies. The University of Basel led
the list, with 5 manuscripts published among the top 100 most cited; followed by Bezmialem Vakif University
with 4 articles.

The studies originated from 30 different countries. The leading countries were Germany with 16
manuscripts, followed by Turkey with 15 articles, Italy with 12 articles, Switzerland with 11 manuscripts. England,
Japan and USA contributed with eight manuscripts each among to the top 100 articles published (Figure 4 and 5).

Journals

The 100 most cited articles involving ozone in dentistry were published in 59 different journals. Clinical
Oral Investigations (COI) lead of the rank, with 7 articles published, followed by American Journal of Dentistry
(AJD) with 5 articles and European Journal of Oral Sciences (EJPS), Journal of Craniofacial Surgery (JCS),
Journal of Endodontics (JE) and Lasers in Medical Science (LMS) with four articles (Figure 6).

Keywords

In total, 250 keywords were used. The five most used keywords in this list of top 100 articles were: ozone
50 (20%), dentistry 8 (3,2%), periodontitis 7 (2,8%), ozone therapy 6 (2,4%) and disinfection 5 (2%). The most
used keyword was repeated in 50 studies, and the frequency of use of keywords ranged from one to fifty repetitions.

Figure 7 shows a graphical representation in map form of the keywords.
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Research Field

Figure 8 shows the fields of research addressed by the 100 most cited articles on ozone in dentistry,
leading the ranks in the field of Oral and Maxillofacial Surgery (OMFS) and Operative Dentistry, both with 19

studies each, followed by Microbiology, with 18 studies.

Another important finding found in this bibliometric analysis was that 9 studies in the Top 100 evaluated

o0zone as an alternative treatment in medication-related osteonecrosis of the jaw (MRONJ).

Time-pattern of publications

Based on the distribution of 100 articles over the years, the years 2008 followed by 2009 and 2012 were
the years with the highest concentration of publications and the most productive, with 12, 10 and 9 studies

respectively (Figure 9).

DISCUSSION

This paper aims to carry out a bibliometric analysis of ozone therapy in dentistry. Once there has been
considerable growth in scientific publications over time, bibliometric methods can guide researchers and clinicians
in elucidating the most important factors to consider when deciding where to publish their work or where to search
about a field. Thus, a list of top 100 most-cited articles on ozone therapy in dentistry was created with some graphic

data visualization enabling researchers and academics a better understanding on the subject.

One of the important parameters in bibliometric analyzes is the total number of citations in which articles
that reach more than 100 citations are classified as classics [25]. These studies with high citation rates can be seen
as a favorable article in a field of interest, but the opposite does not indicate to be a work of poor quality [29] since,
citation patterns vary greatly between types of publication, type of research, disciplines and will depend on its

significance over time [26].

The two most cited articles, involving ozone in dentistry, had a systematic review as a study design, where
the most cited study brought ozone as an adjuvant treatment available for osteonecrosis of the jaws related to
bisphosphonates and its results [9] and the second most cited article, sought to systematically review the clinical
application and potentials of ozone remineralization in dentistry [20]. The third most cited article had, as a study
design, an in vitro assay, whose objective was to evaluate the antimicrobial effect of ozone from a new ozone-
generating device in primary root caries lesions, evaluating the effectiveness of this compound specifically in

Streptococcus mutans and Streptococcus sobrinus [2].

With regard to disciplines, OMFS and Operative Dentistry lead the ranking. The success obtained in

decontaminating the environment, be it surgical or clinical, is one of the reasons that could explain this higher
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number of citations. Ozone therapy has been consolidating as an extremely effective alternative therapy in difficult
to manage situations such as medication-induced osteonecrosis of the jaws (MRONJ) [9, 30, 31, 32, 33, 34]. Other
surgical procedures also benefit from ozone therapy such as third molar surgeries [13, 14], oral pathology [11],
temporomandibular disorders [35], and dental implants [17, 18, 19, 36].

Caries decontamination are also another well succeeded procedure [7, 37, 38, 39, 40, 41, 42, 43] even

root caries decontamination or as an endodontic solution irrigation [2, 4, 5, 6, 44, 45, 46, 47, 48, 49].

Bibliometrics offers a tool that can be readily scaled from the micro level (institution) to the macro level
(countries) [26]. And in the present analysis, the diversified scenario in which the studies were produced is
noticeable, consisting of more than 70 institutions, with emphasis on the University of Basel, and 30 different

countries, with emphasis on Germany.

Ozone generation can be considered a cheap and effective method. Although majority of leading countries
are high-income economies, Turkey, a middle-income country, stands out among the main research countries on
the subject. The subject of ozone therapy is treated very seriously by researchers. This can be explained by the
high impact factor of several journals present in the top 100 list, such as Clinical Oral Investigations [17, 50, 51,
52, 53, 54, 55] and Journal of Endodontics [47, 50, 56, 57]. International collaborations through an increased use
of the Internet could considerably expand the number of publications on the topic. In addition to the knowledge

that could be gained from the exchange of different researchers.

As stated in the literature, the use of suitable keywords is a cornerstone to an extensive article
dissemination [28, 58]. The use of ozone keyword was performed only by half of the most-cited articles, together
with involved area i.e dentistry or periodontitis. Ozone therapy, a common keyword is not listed in MeSH

keywords. The authors suggest the use of MeSH keywords as a keyword standardization and widespread [59].

Finally, the application of ozone in dentistry and medicine has increased in recent years, due to its various
beneficial properties already recognized [36], however, the bibliometric data of the present study, for the field of
dentistry, showed that the years 2008, 2009 and 2012 showed the highest concentration of publications and were
considered the most productive, and even when considering the number of citations there were two peaks in the
years 2008 and 2015, where a large number of publications in the last 05 years was expected. The oldest article
included in the analysis was published in 1997 [60] and the most recent was published in 2022 [7]. All
interpretations generated by the study must take into account that the ranking of the 100 most cited articles on the
use of ozone in dentistry represents the current scenario and, due to constant scientific change, future studies are

necessary to carry out the updating of periodic reviews.

The main limitation related to the study is the search using only the Web of Science for our bibliometric
analysis. There are other public and commercially available bibliometric databases, such as Medline, Embase, and
Cochrane Library. However, Web of Science is widely used in bibliometric analysis because it has an established
metric that allows for comparison of journal impact within disciplines: the Journal Citation Reports (JCR; Clarivate
Analytics). In addition, there are many factors that affect citation rates like journal and author self-citations,
incomplete citing, and the availability of the manuscript to the scientific community. Thus, the many journals
dedicated to report ozone in dentistry does not prove high-quality research but shows at least a large and growing

interest in this research topic.
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CONCLUSIONS

This bibliometric analysis can lead us to conclude that: 1) Germany was the main country that contributed
to field research on the use of ozone in dentistry 2) The University of Basel was the most productive university in
the researched field; 3) Clinical Oral Investigations was the journal that led the ranking with the most articles
published, 4) The keyword ozone was the most used in the articles; 5) Oral and maxillofacial surgery was the
research area most addressed by the 100 most cited articles. The bibliometric list facilitates the location of studies
on a specific topic, in addition to enabling the demonstration of trends in studies on the topic over the years. Thus,
these results may provide some guidance to authors regarding where they may wish to consider submitting their

research in ozone therapy in dentistry.
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ABBREVIATIONS

AD: Annals of Dermatology; ADJ: Australian Dental Journal; AJD: American Journal of Dentistry; AMR:
Archives of 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:
Biomed Research International; CA: Collegium Antropologicum; CDSR: Cochrane Database Of Systematic
Reviews; COIl: Clinical Oral Investigations; COIR: Clinical Oral Implants Research; CR: Caries Research; DM:
Dental Materials; DMJ: Dental Materials Journal; DT: Dental Traumatology; EJPS: European Journal of Oral
Sciences; HTA: Health Technology Assessment; IEJ: International Endodontic Journal; 1JER: International
Journal of Environmental Research and Public Health; 1JOMI: International Journal of Oral & Maxillofacial
Implants; 1JOMS: International Journal of Oral and Maxillofacial Surgery; 1JP: International Journal of
Prosthodontics; IN: Interventional Neuroradiology; JAD: Journal of Adhesive Dentistry; JAOS: Journal of Applied
Oral Science; JBO: Journal of Bone Oncology; JCPD: Journal of Clinical Pediatric Dentistry; JCS: Journal of
Craniofacial Surgery; JD: Journal of Dentistry; JDR: Journal of Dental Research; JDS: Journal of Dental Sciences;
JE: Journal of Endodontics; JERD: Journal of Esthetic And Restorative Dentistry; JFMA: Journal of the Formosan
Medical Association; JP: Journal of Periodontology; JPIERD: Journal of Prosthodontics-Implant Esthetic and
Reconstructive Dentistry; JPIS: Journal of Periodontal and Implant Science; JPR: Journal of Periodontal Research;
JPRE: 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:
New Microbiologica; O: Odontology; OMI: Oral Microbiology and Immunology; OO: Oral Oncology; OSE:
Ozone-Science & Engineering; QUAD O: Oral Surgery Oral Medicine Oral Pathology Oral Radiology and
Endodontology; PLS: Photomedicine and Laser Surgery; PPT: Photodiagnosis and Photodynamic Therapy; QI:
Quintessence International; SDJ: Swedish Dental Journal; SR: Scientific Reports; STAM: Science and Technology

of Advanced Materials.
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