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A b s t r ac t
Aim: The present bibliometric analysis was conducted to assess the articles published on toothbrush as a source of deoxyribonucleic acid (DNA)
in order to highlight the importance and role of toothbrushes in forensic dentistry.
Materials and methods: Dimensions software was used to search for published literature pertaining to the keywords toothbrush and DNA on
5th February 2022. 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 10,700 publications between the year 2000 and 2021. The number of publications every year was not
uniform with a spike from 2007 to 2008. The United States ranked the highest in terms of publication. Journal of Critical Care had the highest
number of publications in this field, Agnes Bouchez and Frederic Rimet from France were the top-ranked authors whereas David Herran from
Spain had maximum number of citations. Harvard University topped the list of universities.
Conclusion: The present analysis depicts the decline in number of publications related to toothbrush and DNA in recent years. Hence, studies in
different populations with larger sample size are needed to determine the exact usefulness of toothbrushes as a source of DNA for identification
of a person.
Clinical significance: The present analysis provides information on the most cited articles in toothbrush as a source of DNA and gives directions
for future research. Also further, DNA obtained from toothbrushes can aid in identifying genetic mutations that could be a tool for determination
of risk assessment and early diagnosis of diseases.
Keywords: Deoxyribonucleic acid, Forensic dentistry, Polymerase chain reaction, Toothbrush.
World Journal of Dentistry (2022): 10.5005/jp-journals-10015-2103

Introduction

1

Deoxyribonucleic acid forms the most important biochemical
component of the human genome and is the major constituent
of the genes that carry vital information about the phenotype of
organisms that is transmitted from generation to generation to
maintain life on earth. It is the most stable molecule with the classic
double-helical structure. Hence DNA finds its application in the
field of medicine, for diagnosis of diseases, forensic evaluation, and
so on. Bibliometric analysis is nothing but statistical evaluation of
published literature that will provide information on the influence
of publication related to the pertaining topic in the scientific
fraternity, and it is an effective way to measure the influence of
publication in the scientific community.1–4 The number of citations
of a manuscript depicts the scientific impact of the research. 5–7
Thus, a bibliometric analysis is an ideal tool to assess the impact of
the research publication.1,8,9
Research in toothbrush as a source of DNA has gained importance
over the past few years. The research trend and the progress in oral
sources of DNA in forensic dentistry have been compiled by various
publications. This has led to the introduction of evidence-based
dentistry.3 Publications of prime dental journals in the field of forensic
dentistry have gained recent importance with Journal of Critical Care,
Journal of Acquired Immunodeficiency Syndrome (JAIDS), and Journal
of Clinical Periodontology which rank in the top list.
Medline, Scopus database, and Web of Science are the
most common databases 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 databases. As mentioned before, the authors
will quote the published manuscripts in their peer-reviewed
articles which is a measure of the number of times that article
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Figs 1A and B: (A) Search result for the keywords toothbrush and DNA during 2000–2021; (B) Search result after constraining to scientific articles
during 2000–2021
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has been cited before.10–12 Thus, the number of citations of a
manuscript depicts the impact of distinction.13 Thus 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 on
various topics.14–21 To our knowledge, an inclusive study of the most
prominent articles in the field of using toothbrush as a source of
DNA has not been undertaken till date. Therefore, present analysis
was carried out to evaluate the features of the previously published
articles and to evaluate the importance of toothbrush as a source
of DNA in the field of dentistry. We also aimed to investigate the
characteristics of the studies published and to identify the research
progress in this field.

M at e r ia l s

and

Methods

Data Source
Dimensions database was used to retrieve the data regarding
published papers on toothbrush as a source of DNA. Keywords
for the search were obtained using Boolean operations and were
restricted to two words. Toothbrush and DNA were the words used
for the search. The data were accessed on 5th February 2022; the
articles were selected based on year of publications from 2000 to
2021. Articles published in English language were included for
the present analysis. From dimensions database we obtained
information on the year of publication, journal in which the articles
were published, and field of research.

Data Extraction
The data obtained from dimensions database were exported in .csv
file format for further processing. This was done by two reviewers,
SG and SV. 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. Number of published
literature pertaining to the topic was analyzed year-wise. We also
performed analysis on country of publication, journal of publication,
and organization from which the publication was generated in
terms of number of publications, citations, and collaboration
networks. Author and field of research were also analyzed based
on number of publications and citations.

The United Kingdom ranked second in terms of number of
publications and Canada in terms of citations. Taking the link strength
into consideration which can be assessed in VOS software, the
United States was followed by Italy, though it ranked eighth in the
number of publications. Similarly, Canada which ranked 18th in
number of publications ranked second in citations. India ranked
13th and exposed the need of research in that area. Network
mapping of countries is depicted in Figure 3B. A minimum of five
documents per country was set as threshold. The thickness of the
link between two countries shows their collaboration.

Journal of Publication
Figure 4A shows highly productive journals in this area. Three
journals had more than 100 publications with Journal of
Critical Care topping the list with the 541 publications. A great
difference in publication with 105 publications Journal of
Acquired Immunodeficiency Syndrome (JAIDS) ranked second. But
interestingly Journal of Clinical Periodontology which ranked fifth
among the number of journal ranked number one in citations and
link strength. Journal of Critical Care though topping the list with
maximum publications is not found in the top 10 journals in citations
and link strength (Fig. 4B).
The network citation mapping (Fig. 4C) of co-citations for these
top journals is depicted in colors. This figure has a total cluster of
five having relationship with one another. The maximum cluster
group is shown as blue with 19 groups forming a cluster and the
second was expressed in red color with 12 journals forming a cluster.

Field of Research
Field of research shows the number of papers in that particular field.
It is seen clearly in Figure 5A where it is observed how the field of
research coincides with the journal list. Medical and health sciences
are the field with the most number of publications followed by
biological sciences and agricultural and veterinary sciences. There
is a great discrepancy in the number of publications from 2,558 in
medical and health sciences to 721 in biological sciences expressing
the scope of research in that field.

Authors
Figures 5B and C describe the authorship pattern of publications. The
top 12 authors had more than 10 publications. The top two authors
had 17 publications followed by the third-ranking with 15 publications.

R e s u lts
Analysis on Publications
The search revealed a total of 10,700 publications between the year
2000 and 2021 (Fig. 1A). This included chapters, articles, books, and
newsletters, our search was on publications in the form of scientific
articles, so only a total of 4,108 articles were included for analysis
(Fig. 1B). All the articles were in English and were published in the
last 20 years. The publication trend on this was not uniform with a
sudden spike of interest in the year 2007–2008 (Fig. 2). There was
a decline of publications in the following years exposing the need
for research in this field.

Analysis on Country of Publication
Figure 3A represents the top 20 countries contributing to the field
of research pertaining to toothbrush and DNA. The top six countries
have more than 100 publications in this field with maximum
number of citations. The United States tops among the countries
with 592 publications, 34,422 citations, and a link strength of 63,147.

Fig. 2: Publication trends in studies involving toothbrush and DNA
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Figs 3A and B: (A) List of Countries with maximum publication sand citations in the selected field; (B) Network visualization map representing
collaboration between countries
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Figs 4A to C: (A) List of top journals in terms of link strength; (B) List of top productive journals in publication; (C) Coupling map representing the
network of Journals in which the 2000–2021 publications appeared

Though they topped in terms of publication the citation was topped
by David Herran from Spain with 907 citations. This author ranked
11th among the top 12 with 12 publications. The topped author
had 471 citations which could indicate that the publications were
published recently and research is being initiated in recent years.

Organization Network
Among the top 10 organizations (Fig. 6A), Harvard University
topped the list with 37 publications and 2,082 citations followed
by Complutense University of Madrid with 13 publications and
756 citations. The University of Hong Kong had 18 publications
but 650 citations and ranked third. The University of Sao Paulo
which ranked sixth among the top 10 had the highest number
of 43 publications but ranked down due to 442 citations and
low link strength. The Ohio State University which ranked ninth
among the top 10 emerged with 1,222 citations which is the
second-highest.
Figure 6B represents the network mapping of organizations. The
organizations with at least 10 publications were set as a threshold
and were classified into seven clusters, red color representing the
organizations forming the cluster with high number of publications.

Discussion
Forensic dentistry has gained a lot of importance in the field of
forensic medicine as dental remains are less likely to be affected

by natural calamities in comparison with other body parts.
Although several dental sources aid in identification of a person,
toothbrush as a source of human DNA is currently assessed by
many researchers. The current knowledge of dental practitioners
on published data pertaining to a particular topic is not complete
as the data are not available in a systematic format. With an aim to
provide complete scientific evidence in a systematic format for a
particular topic bibliometric analyses are often done.15,16 In other
words a bibliometric analysis demonstrates a cross-sectional view
and the present update in research pertaining to a specific topic.
Also, the present bibliometric analysis will assist institutions and
funding organizations to determine the quality of research work on
this topic. With the available information the present bibliometric
analysis was done to analyze the articles published on toothbrush
as a source of DNA.
Interestingly the results of our analysis showed the topic has not
only been discussed in forensic dentistry-related journals but also
in other specialties of dentistry such as clinical periodontology and
a few medical journals such as Journal of Critical Care. From 2000 to
2005 we are able to see a steady increase in the number of research
articles in this field with a slight decline in 2006–2007 and a spike
in 2008. Similarly from 2009 to 2018, there was an increase and a
decline in 2019 with again a steady increase from 2020 to 2021. This
uneven distribution of number of publications demonstrates the
fact that research interest in this topic is not steady. Hence the data
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Figs 5A to C: (A) Numbers of publications in each research category; (B) and (C) Authorship pattern in Toothbrush and DNA literature

available to give conclusive results on the exact use of toothbrush
as a source of DNA are less. This sheds light on the fact that research
on toothbrush as a source of human DNA for identification of an
individual has to gain more importance as toothbrush is an easily
available source.
Considering country of publication the top six countries
including the United States, Italy, China, the United Kingdom,
Germany, and Brazil had maximum publications. The United States
ranked first and the United Kingdom ranked second in terms of
publications and citations. From the above data it is evident that
publications are predominantly from developed countries and
very few publications in this field arise from developing countries.
Considering DNA and toothbrush, the usage of toothbrush, storage
condition, choice of paste, frequency of changing the toothbrush
varies with population and in order to obtain conclusive data on
this topic, research has to be done in all the countries with uniform
protocol and sample size.
In the present analysis we observed that Journal of Critical Care
had maximum number of publications in this field. Interestingly the
journal is related to medical field and not dentistry. This sheds light
on the fact that dental sources such as toothbrush find its application
in medical field as well. Although Journal of Clinical Periodontology
ranked fifth in number of publications, the journal ranked first
in citations. This shows the fact that dental professionals lack
S92

awareness on forensic dentistry-related data being published in
journals of other specialties. Considering network citation mapping
a total cluster of five having relationship with one another was
observed. We observed 2,558 publications in medical and health
sciences ranking first whereas biological sciences ranked second
with only 721 publications expressing the scope of research in that
field. Agnes Bouchez and Frederic Rimet from France were the
top-ranked authors with 17 publications. However, David Herran
from Spain had maximum number of citations. Harvard University
topped the list with 37 publications and 2,082 citations. The Ohio
State University which ranked ninth among the top 10 emerged
with 1,222 citations which was apparently the second highest.
Hence it is important not only to publish good research work, but
also to have a higher citation index. The above results shed light
on the fact that research on this topic is confined to a few countries
and universities. This warrants collaboration of the above countries
with maximum publications in this field with other countries with
limited research in this field. This would provide data on different
population and give conclusive results if toothbrush could be used
as a tool for identification of a person with the available human
DNA and the exact duration of availability of DNA.
Among the top authors Tanaka et al.22 reporte d the usefulness
of toothbrush as a source of DNA; London et al.23 and Imamura
et al.24 assessed the use of toothbrush as a source to obtain oral
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Figs 6A and B: (A) Lists of organizations with maximum publications and citations; (B) Network visualization map representing collaboration
between Universities
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mucosal cells for DNA extraction. Rosenberg et al. 25 assessed
the variation in microbial contamination between two different
toothbrush handle designs whereas Vasselon et al. compared
the various methods of DNA extraction for high-throughput
sequencing.26
The first and foremost limitation of the present analysis is
that the articles included were restricted to English language and
from the developed world and citation analysis is time-restricted.
For instance, a recently published high-quality article may
have fewer citations than an article that was published several
years ago. Considering publications related to the toothbrush
as a source of DNA a few recently published articles had fewer
citations hence were not on the top list. Studies by Alfadaly et al. 27
and Reddy et al.28 reported the use of toothbrush as a source of
DNA and Bandhaya and Panvisavas29 optimized the method of
DNA extraction from toothbrushes. Toothbrushes not only find
their use in identification of a person but also in identification
of genetic mutations. Lee et al. in their case report determined
germline mutation of PTCH gene from DNA of primary tooth
and toothbrush from two siblings to determine the role of the
gene in anaplastic astrocytoma. Thus toothbrushes could serve
as an important tool for determination of risk of diseases among
family members.30 A systematic review by Sujatha et al. 31 reported
that despite the duration of use toothbrush served as a tool for
identification of a person and gender. However, the results have
to be viewed with caution as in the included studies the sample
size was low and the studies lacked information on the association
between the chemical composition of toothbrush and the
toothbrush with DNA yield.
The above findings highlight the fact that toothbrushes
could definitely be explored as a source of DNA in forensic
dentistry and disease pathogenesis as both a diagnostic and
prognostic tool. Studies with larger sample sizes and optimized
techniques have to be conducted all around the world to obtain
conclusive results.

C o n c lu s i o n
The present study gives quantitative and qualitative analyses of
the most cited articles in toothbrush as a source of DNA. It gives
future research directions on evidence-based study on various
populations’ visualizations of research output in forensic dentistry.
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