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Abstract:

Aim: The present bibliometric analysis was conducted to find the evidence regarding microbial corrosion in dentistry
since corrosion by whatever means affect the intraoral performance of the metallic appliances.

Materials and methods:

Material and methods: Dimensions software was used to search for published literature pertaining to the keywords
“microbial corrosion” AND “dentistry”. Two reviewers assessed the articles in terms of year of publication, authors,
country of origin, journal of publication, and the affiliated institutions of the authors as well as their collaborations and
the most cited publications.

Results: The search revealed a total of 3,118 articles between the years 2000 to 2022. The number of publications was on
the rising pattern with a spike between 2004-2007, again with a small spike between 2014 and 2016 and then a steep
increase from 2017 onwards. The publications were almost equally split between Engineering science and Medical
Sciences. United States topped the list of countries with 378 documents with total link strength of 106224. Sao Paulo
University topped the list in terms of organizations with total link strength of 12722. The journal of Anatomia Histologia
Embryologia topped with 136 publications followed by Materials with 94 publications. Valentim from Brazil topped the
authors with 22 publications.

Conclusion:

Microbial corrosion is needs equal concentration as any other forms of intraoral corrosion given that oral cavity is loaded
with huge varieties of microorganisms with some of them known to cause microbial corrosion like sulfate reducing
bacteria. The recent decline in research and publications in this field especially in 2022 is concerning. More studies are
needed to learn more on microbial corrosion and its effects in dentistry.
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Introduction:

Medline, Scopus database and Web of Science are the most common data bases to retrieve data related to citation of
manuscripts as researched and doctors working in this field have published their data in journals that have been listed in
the above-mentioned data bases. The authors will quote the published manuscripts in their peer-reviewed articles which is
a measure of the number of times that article has been cited before.[31 Thus, the number of citations of a manuscript
depicts the impact of distinction.[ Thus, by recognizing top cited publications in a selected topic will aid the researcher
and academicians to prioritize the bibliography for reference in the vast ocean of publications. In dentistry Bibliometric
studies have been published in various topics.5'2 Bibliometric analysis of microbial corrosion is available in other fields
like engineering 31, marine [, but not much literature related to microbial corrosion in dentistry. Corrosion of intra oral
appliances is a hugely researched topic. But when it comes to corrosion due to microorganisms, the research is still
lagging. The formation of intraoral biofilm on hard tissue and soft tissue structures of the oral cavity including the
metallic appliances per se creates a favorable environment by formation of corrosive microcells due to oxygenation
difference between the areas covered by biofilm and those not covered by the same. In addition to this, the
microorganisms also cause corrosion as a result of their metabolic requirements. This has been less addressed in dentistry
unlike in other fields like industrial science. The aim of this bibliometric analysis is to highlight the research in microbial

corrosion in dentistry.
Materials and methods:
Data source

Dimensions database was used to retrieve data from published literature between 2000 and 2022 using the keywords
“microbial corrosion” AND “dentistry”. The data were fetched on 22" April 2022. The filters were applied restricting
the publication type to articles in English language. From the dimensions site, information regarding the year wise

publication status and the journals were published.
Data extraction

The data from dimensions portal were extracted in .CSV file format for further processing. This was done by two
investigators UG and SF. VOS viewer software (Version 1.6.13; Leiden University) was used for the analysis as VOS
viewer assists in visualizing and surveying the trends in bibliometric format. Year wise pattern in publication from 2000
to 2022 was noted. In VOS software, bibliographic coupling related to analysis units of documents, sources, authors,

organizations and countries were performed.
Results:
Analysis of publication pattern

The search using keywords gave a result of 8,950 documents which included chapters, articles, books and newsletters.
Since we were interested in scientific articles, filters on publication type to articles were applied which restricted the
number to 3,118 documents (Fig 1). The publication trend was in an increasing graph with characteristic spikes in 2004-
2007, 2014-2016, 2017-2020 (Fig 2). There seemed to be decline after 2020 till date which indicated the need for more

research in this field.
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Fig 1: Number of documents after filters of publication type and language.
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Analysis of countries

With regard to countries, United States topped the countries with 378 documents with 21610 citations with link strength
of 106224 followed by China with 237 documents and 7035 citations with link strength of 66431 (Fig 3A). Brazil
occupied 3" position with 196 documents and 3707 citations with link strength of 62850. Though India had the 7%
position, it had a greater number of publications (172) compared to Italy (105) which was in 6" place which was because
of the lower citations with India having 3506 and Italy with 4148. Though Japan had almost equal publications as Italy, it
occupied 15 place due to low citations with 2655. A minimum of 10 documents per country was kept as the threshold.
The network mapping showed (Fig 3B) five clusters with the largest cluster shown in red with 13 items followed by

second cluster in green with 11 items.
Fig 3A: Top listed countries as per citations and link strength
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Sources/ Journal of Publication

With regard to sources, the Journal of Anatomia Histologia Embryologia topped with 136 publications followed by
Materials with 94 documents with 2635 citations and link strength of 10070 and then by Dental Materials with 36
documents and 1152 citations with link strength of 5380 (Fig 4A) . Though material science and engineering had more
documents than Dental Materials, it had less citations and link strength. Minimum number of documents for a source
was set as 10. The network mapping (Fig 4B) showed 5 clusters with the largest cluster shown in red with 25 items. This

was followed by the second largest cluster with 24 items shown in green.

Fig 4A: Sources of publications and their citations
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Fig 4B: Network mapping of sources

clinical implagidentistry afft

Journal of pggiodontology

-
biomed reseaigh international implansgentistry
& clinical oral iggplants researc

british degigal journal
®

co"e's 10“"‘3“" Wta' mateml .joumat of prasthetic dentistr

frontiers fn bmvmgan m&S - S b ol journal
materials tod@ proceedings 4353 b""@"“" P joumal’f deftal research

Y J"‘e"ﬂﬂ‘wn}'@l of mwdemafvzena}s N international@ental journal
applied su.ce science, & ©

® materials sc:*mdm@ i RS %
e 1 . i operativigiglentistry
bioactivegiatenals / + « me's 2 + Blofakiing v
acs applied r‘erlalsiimerf australian d@ntal journal
> e

collofds aid faces b bumgema! ‘matgfials journal
surface and caifings technolog

Jjournal @fidentistry
international ‘mdonuc jour

european jourgal & orthodonti
molegules

blom&nals

M. vosviewer



27 Umarevathi G et al / Int J Orthod Rehabil 2022; 13 (3): 22-33.

Organizations

For organizations Sao Paulo University topped the list with 56 documents with 1003 citations and link strength of 12722
followed by University of Minho with 23 documents and 791 citations with link strength of 10189 (Fig 5A). The
threshold was set as minimum of 10 documents per organization. Though University of Sao Paulo had 47 publications
which are the highest of all, it had less citations and link strength. In network mapping, 7 clusters were seen with the

largest cluster shown in red with 21 items. The second largest cluster is given in green with 12 items (Fig 5B).

Fig 5A: Organizations and their citations
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Authors

Figure 6 A and B gives the authorship pattern in publication. The top ten authors had more than 10 publications each.
The top listed authors were Valentim Adelino from Brazil with 22 documents and 329 citations followed by Julio Souza
with 19 publications. Interestingly the second top author had more citations compared to first with 802 citations. Author
Karan Gulati from Australia had almost equal citations as the first author with just 13 publications. In network mapping,
four clusters were seen. Intra cluster network was good in clusters but inter cluster networking was comparatively less
(Fig 6B).

Fig 6A: Authorship pattern
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Field of Research

Fig 7 gives the publications in various fields. It could be clearly seen how each field has contributed to the topic of
interest with engineering and medical health sciences almost 75 percent of the entire publications. Engineering science
with 1236 documents and Medical & Health sciences with 1165 publications followed by Chemical Sciences with 513

publications. Dentistry is included in this second top category of Medical & Health sciences.

Fig 7: Publications in various research categories
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Discussion

Microbial corrosion is one of the vast researched topics in industrial science since majority of the corrosion in pipelines
were caused by microorganisms. Large number of publications could be seen in relation to the organisms involved, their
mechanism of action, causative factors, aggravating factors and solutions for combating the same. Publications related to
microbial corrosion are minimal in dentistry. The current knowledge of the dental practitioners related to microbial
corrosion in intra oral appliances is very limited. With an aim to provide precise scientific evidence in a systematic
format for a particular topic a bibliometric analysis is often done.l*®! In other words a bibliometric analysis gives a cross-
sectional view and update in research pertaining to a specific topic, in this case the microbial corrosion in dentistry.
Bibliometric analyses enlighten about the top authors, journals, organizations, countries which have been working or
have worked on the given topic of interest. It can highlight the richness and deficiency with regard to topics of interest in
relation to countries, organizations, year wise pattern of publication, etc. Also, the bibliometric analysis will assist
Institutions and organizations to determine the quality of research work in this topic which can help with the further up
gradation of research filling the lacunae. With the available information the present bibliometric analysis was done to

analyze the articles published on microbial corrosion in dentistry.

The results revealed that the topic is addressed equally well in engineering and medical sciences. Dental materials,
journal of prosthetic dentistry, journal of periodontology, Dental materials journal are the dental journals in the top 10

listed journals. When we observe from 2000 to 2022, there is a steady increase in publications. We could see three spikes
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in this steady increase, one between 2004 and 2007 and other two between 2014 & 2016 and 2017 & 2020. But there is a
steep decline after 2020 which indicates that more research needs to be encouraged in relation to microbial corrosion
currently.

Considering the countries United States, China, Brazil, United Kingdom, Germany, Italy, India are top listed countries
with maximum number of publications. From the above list we could infer that more publications are from developed
countries compared to developing countries. Considering the widespread usage of metallic intraoral appliances, it has to
be stressed that research related to microbial corrosion has to be uniform throughout the world. But we could appreciate
that the interlinking between the countries with regard to citing each other’s work is high as shown in network mapping
(Fig 3B).

In this bibliometric analysis we could see that though we used keywords which had dentistry in it, the top four journals
were still from other fields of science which was not part of dentistry. The topmost journal of Anatomia Histologia
Embryologia had 136 publications, whereas the dental journal which topped the dental list had only 43 publications. This
indicates that more research is needed in dentistry to address microbial corrosion. But one interesting part is that though
Anatomia Histologia Embryologia had 136 publications it had only 45 citations whereas Journal of Dental research had
1688 citations with just 43 publications. But one disadvantage of this type of inference based on citations is that the
snowball effect wherein the authors tend to cite the most cited articles without analyzing the content. When we want to
evaluate the research system there are certain indicators or metrics which are followed. Traditionally peer review system
was considered the golden standard whereas recently citations and other bibliometric measures are increasingly being
used for research assessment and they are also considered superior to the conventional peer review system.[®l As per this
evaluation the dental journal had more citations compared to the top listed journal. This reveals the fact that dentists who
publish articles gather more data even from other fields related to their research which led to more cross citations. In Fig
4B, all the dental Journals are seen in the green cluster, and we could appreciate lot of interlinking between the dental
journals. But it’s a bibliographic finding that dental journals have cited from non-dental journals and vice versa. We
could observe that journals from filed of engineering and medical and health sciences contribute equally with 1236
documents from engineering field and 1165 from medical and health sciences in which dentistry is also included. An

interesting chunk of contribution from the chemical sciences field could be seen in Fig 7.

If we notice the top listing for all sections, we could observe that the item with the higher citations and link strength is
given a top order despite with lower number of documents. In this analysis, we could observe that there is good citation
network mapping in relation to countries involved (Fig 3B), Sources (Fig 4B), organizations (5B). The network mapping
was slightly less dense with regard to researcher networks (Fig 6B). Here 4 clusters could be seen, and the common
researcher cited by most other researchers from different fields is researcher Mathew Thoppil. His research was majorly
on antimicrobial and antiviral materials for use as coatings to prevent microbial corrosion.*”l This kind of networking
may mean that the common cluster could have been more popular which could have led to snowball citations, or it could
have been a major discovery which could not go missed.

Most of the non-dental articles in engineering and other fields document on actual microbial corrosion discussing the
bacteria involved, mechanism and methods on combating. Most of the articles in the dental journals are about corrosion
of dental implants by biochemical means, cytotoxicity of metal elements that was leached out because of corrosion, nano
materials used for combating corrosion by way of coatings, bacteria causing peri implantitis, properties affected by

corrosion and their clinical implication, etc. Only a few articles deal with microbial corrosion but even those articles
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concentrate on the biofilm formation and composition and their influence in causing the corrosion 8% and don’t discuss
on the actual mechanisms or the organisms involved. Some of the articles talk about individual bacteria which are
capable of causing microbial corrosion as a product of their metabolism.[2%2 In the article by Gopalakrishnan U et all?°}
the association between oral microorganisms and intra-oral metallic alloys-based dental appliances are dealt in a
systematic review. Oral cavity is home to approximately 700 species of prokaryotes 221 which are both pathogenic and
nonpathogenic. They alter the environment of the oral cavity making the tissue system vulnerable to various kinds of
disease processes. It is interesting to note that these bacteria are capable of influencing not only the innate tissue systems
but also the foreign components like dental prosthesis present in the oral cavity. Some groups of bacteria that are
seemingly prevalent in the oral cavity are capable of causing microbial corrosion. They belong to the group of sulfates
reducing bacteria, which are known to be prevalent in healthy individuals 2324, periodontal patients >4 and patients with
gastrointestinal issues.[?>? Interestingly the top listed author Valentim Adelino Barao is a dentist from Brazil with 22
documents and 329 citations whose major work dealt with combating corrosion of dental implants. But precise
documentation on the microorganisms involved in causing the corrosion, their mechanism of action, methods to prevent
microbial corrosion is still lacking in dental literature. There is no documentation on the intraoral presence of organisms
which are capable of causing corrosion as a result of their metabolic processes. This also needs to be addressed which

can serve as a starting point for future research on intraoral microbial corrosion.
Conclusion

In today’s world of digitalization where so much of data is easily accessible, most of them in free access, knowing the
evidence in relation to our topic of interest becomes easier. But how far that can be used to further favor future research
is by means of well written bibliometric analysis. Bibliometric analysis will help channelize the evidence towards further
valid research with more precision. This particular analysis revealed that more research is needed in the field of dentistry
on microbial corrosion with respect to the potential microorganisms causing the corrosion, mechanisms involved, and

their prevention.
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