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Abstract 

Context: The study of biofilms in the context of periodontal diseases is of paramount importance due to their central role in the pathogenesis of these oral 

diseases. Research has focused on understanding the formation, structure, and dynamics of biofilms, as well as developing therapeutic approaches for their 

eradication. However, there are still conceptual gaps in the scientific literature due to a lack of review studies. 

Aims: To examine research trends in the study of biofilms related to periodontal diseases. 

Methods: This study used a bibliometric analysis methodology of scientific literature based on the PRISMA-2020 statement. 

Results: The results showed a remarkable increase in research activity in recent years. Prominent authors, influential journals, and emerging keywords such 

as "multispecies biofilm", "biofilm formation" or "periodontal therapy" were identified, reflecting the areas of greatest interest.  

Conclusions: The need to balance the exploration of new areas with the consolidation of other key concepts is highlighted, as well as gaps in research that 

require more precise therapeutic approaches, longitudinal studies, and greater attention to underserved communities in developing countries.  

Keywords: antimicrobial therapies; biofilm; oral microbiota; pathogenesis; periodontal disease; PRISMA-2020. 

 

Resumen 

Contexto: El estudio de las biopelículas en el contexto de las enfermedades periodontales es de suma importancia debido a su papel central en la patogénesis 

de estas enfermedades orales. La investigación se ha centrado en la comprensión de la formación, estructura y dinámica de las biopelículas, así como en el 

desarrollo de enfoques terapéuticos para su erradicación. Sin embargo, todavía existen lagunas conceptuales en la literatura científica debido a la falta de 

estudios de revisión.  

Objetivos: Examinar las tendencias de investigación en el estudio de las biopelículas relacionadas con las enfermedades periodontales. 

Métodos: Este estudio utilizó una metodología de análisis bibliométrico de la literatura científica basada en la declaración PRISMA-2020. 

Resultados: Los resultados mostraron un notable incremento de la actividad investigadora en los últimos años. Se identificaron autores destacados, revistas 

influyentes y palabras clave emergentes como "biofilm multiespecie", "formación de biofilm" o "terapia periodontal", que reflejan las áreas de mayor interés. 

Conclusiones: Se destaca la necesidad de equilibrar la exploración de nuevas áreas con la consolidación de otros conceptos clave, así como lagunas en la 
investigación que requieren enfoques terapéuticos más precisos, estudios longitudinales y una mayor atención a las comunidades desatendidas de los países 

en desarrollo. 

Palabras Clave: biopelícula; enfermedad periodontal; microbiota oral; patogénesis; PRISMA-2020; terapias antimicrobianas. 
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INTRODUCTION 

Due to their fundamental role in the pathogenesis 
and development of these oral diseases, biofilms have 
received much attention in the context of periodontal 
diseases in recent years. Biofilms are highly organized 
microbial communities adhering to biological or abi-
otic surfaces, characterized by their extracellular ma-
trix and their ability to resist conventional treatments. 
In the field of periodontal diseases, dental biofilms are 
known to be composed mainly of anaerobic bacteria 
and have been identified as an important etiological 
factor in periodontal disease and periodontal tissue 
loss (Colombo and Tanner, 2019). 

They have conducted extensive research on perio-
dontal biofilms to better understand their formation, 
structure, and dynamics and to develop therapeutic 
approaches to eradicate them. For example, recent 
studies have investigated the potential of near-
infrared (NIR)-sensitive nitric oxide nanogenerators 
to eliminate periodontal biofilms and control the in-
flammatory response associated with these diseases 
(Qi et al., 2022). In addition, how to control periodon-
tal pathogens by preventing biofilm formation using 
bioactive nanocomposites containing chlorine e6 was 
investigated (Zhang et al., 2019). Staphylococcus aureus 
strains isolated from periodontal lesions have also 
been studied to determine the frequency and expres-
sion of genes related to adhesion and biofilm for-
mation, providing information on the molecular 
mechanisms underlying microbial colonization in this 
context (Uribe-García et al., 2021). 

In biomedical research, the study of biofilms in re-
lation to periodontal disease has gained importance. 
It has been shown that the pathogenesis and devel-
opment of periodontal diseases are significantly in-
fluenced by these dental biofilms, which are formed 
by highly organized microbial communities. Recent 
studies have analyzed different aspects of this rela-
tionship using multidisciplinary methods to under-
stand biofilms and their impact on oral health (Carli 
et al., 2021). They investigated how self-ligating or-
thodontic brackets affected dental biofilms and perio-
dontal pathogens in adolescent subjects, highlighting 
the importance of biofilms in orthodontics. 

In contrast, they studied quorum-sensitive mole-
cules in oral biofilms in vitro, highlighting the ability 
of biofilms to control the gene expression of periodon-
tal pathogens (Muras et al., 2020). The study of bioac-
tive glass with zinc, which demonstrated antibiofilm 
properties against periodontal pathogens, is an exam-
ple of important research that has been conducted on 
dental materials (Esfahanizadeh et al., 2018). 

Innovative therapeutic strategies were also inves-
tigated to combat biofilms associated with periodon-
tal disease: Tonon et al. (2022) evaluated periodontal 
biofilms for bacterial treatment using photosensitizers 
on superhydrophobic surfaces. Jungbauer et al. (2022) 
demonstrated the adaptability of emerging technolo-
gies by investigating the efficacy of an atmospheric 
plasma device against bacteria and biofilms associat-
ed with periodontal and peri-implant disease. Simi-
larly, Parga et al. (2023) addressed the modification of 
periodontal biofilm formation by the enzyme Aii20J, 
highlighting the potential of quorum cooling in the 
control of oral infections. 

The study of biofilms in the context of periodontal 
disease has shed important light on microbial interac-
tions and the pathogenesis of these oral diseases. 
However, despite significant advances in this field, 
there are obvious gaps in the scientific literature that 
require a thorough bibliometric analysis. For example, 
the need to continue studying the immunological 
effects of periodontal biofilms, focusing on the altera-
tion of the periodontal inflammatory response by 
dysbiotic biofilms (Herrero et al., 2018). In addition, 
they developed a polymicrobial biofilm model to 
evaluate the antimicrobial potential of a nisin biogel 
in the control of periodontal disease in dogs, empha-
sizing the lack of equivalent approaches for the study 
of periodontal disease. in humans (Cunha et al., 2020). 
Finally, another study presented a new probiotic with 
anti-biofilm properties against harmful periodontal 
bacteria, raising doubts about the clinical utility of 
these strategies and their impact on human periodon-
tal health (Widyarman and Theodorea, 2022).  

The scientific literature contains significant con-
ceptual voids due to gaps that mainly arise from the 
absence of comprehensive review studies integrating 
and synthesizing the current state of knowledge in 
the field of biofilms related to periodontal diseases. 
The lack of a unified overview hampers the identifica-
tion of priority research areas and the determination 
of the direction of future investigations. Therefore, 
conducting a comprehensive literature review is cru-
cial to addressing these gaps and establishing a strong 
foundation for advancing knowledge in this field. 
These research gaps underscore the importance of 
conducting a comprehensive bibliometric review to 
assess the current trajectory and trends in the study of 
biofilms related to periodontal disease. 

The scientific literature on biofilms related to peri-
odontal diseases is rich in research covering various 
aspects of the subject. Studies range from exploring 
the composition and structure of biofilms to investi-
gating new therapeutic strategies for their control. 
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The literature reflects a continued and multifaceted 
interest in this field of study. However, there are sig-
nificant gaps that require attention, such as the lack of 
in-depth studies that examine immunological interac-
tions within periodontal biofilms and their impact on 
periodontal inflammation. 

Therefore, the objective is to examine research 
trends in the study of biofilms in the context of perio-
dontal disease with the purpose of guiding a research 
agenda for future studies. In turn, the following re-
search questions are proposed, which allowed the 
study to be more robust in terms of achieving the 
stated objective: 

- What are the years of greatest interest in the 
study of biofilms related to periodontal disease? 

- What is the growth rate of the number of scien-
tific articles on the study of biofilms related to perio-
dontal diseases? 

- What are the main research references on the 
study of biofilms related to periodontal diseases? 

- What is the thematic evolution derived from the 
scientific production on the study of biofilms related 
to periodontal diseases? 

- What are the main clusters of scientific associativ-
ity in the research on the study of biofilms related to 
periodontal diseases? 

- What are the main thematic clusters in the study 
of biofilms related to periodontal diseases? 

- What are the growing and emerging keywords in 
the field of research on the study of biofilms related to 
periodontal diseases? 

- Which topics are positioned as protagonists for 
the design of a research agenda on the study of bio-
films in the context of periodontal diseases? 

Conducting a bibliometric analysis on this topic is 
essential for several reasons. Firstly, it will enable the 
quantification and objective evaluation of scientific 
production related to biofilms in the context of perio-
dontal diseases. This will provide a clearer under-
standing of the quantity of research conducted, as 
well as the prominent thematic trends and identified 
research gaps in the field. Additionally, a bibliometric 
analysis can help identify areas that require further 
attention and exploration in future research.  

MATERIAL AND METHODS 

The present study used an exploratory methodol-
ogy and adhered to the criteria established in the 
statement by performing a bibliometric analysis of the 
scientific literature on the topic of biofilms in the con-
text of periodontal diseases. PRISMA-2020 (Page et 

al., 2021). This method of systematic literature review 
was based on secondary research sources and allowed 
for a comprehensive and organized evaluation of 
previous research in this area. It was hoped that this 
method would provide a deeper understanding of 
this important area of oral health by identifying 
emerging trends, knowledge gaps, and areas of re-
search that had received the most attention in the 
study of biofilms and periodontal disease. 

Eligibility criteria 

Titles and keywords were prioritized as essential 
metadata in the search and selection of documents, 
according to strict inclusion criteria established for the 
selection of relevant records. Focusing on the pres-
ence of key terms such as "biofilms" and "periodonti-
tis" in these crucial parts of scientific papers ensured 
that the records selected were inextricably linked to 
the topic of interest. In addition, the combination of 
multiple citation styles for these terms was believed 
to ensure complete inclusion of relevant documents 
despite name variations. 

Instead, the exclusion process was carried out in 
three successive stages to ensure the accuracy and 
usefulness of the records included in the bibliomet-
rics. In the first phase, all records with incorrect in-
dexing were discarded to ensure that the selected 
documents were correctly categorized and tagged. 
Since bibliometrics focused only on metadata analy-
sis, the second phase of exclusion applied only to 
systematic literature reviews, and at this stage, all 
documents whose full text was not available were 
removed. Finally, in the third phase of exclusion, con-
ference proceedings, texts that were not relevant to 
the research, and documents whose indexing was 
incomplete were eliminated, thus ensuring coherence 
and precision in the selection of records for biblio-
metric analysis.  

Information sources 

It was decided to use the Scopus and Web of Sci-
ence databases when selecting databases to perform 
bibliometrics on the study of biofilms related to peri-
odontal diseases. These databases were well known in 
the scientific community for their thoroughness in 
indexing academic literature, scientific journals, and 
conferences, thus ensuring the inclusion of a wide 
range of relevant and high-quality sources. In addi-
tion, both databases offered state-of-the-art tools for 
performing accurate and comprehensive bibliometric 
analyses. A comparative study supported this choice 
by highlighting that Scopus and Web of Science were 
two of the main databases used in bibliometric re-
search due to their breadth and ability to provide 
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high-quality data, making them appropriate options 
for bibliometrics (AlRyalat et al., 2019). 

Search strategy 

Two specialized search equations were adapted to 
the previously established inclusion criteria, and the 
search characteristics of each platform were created to 
perform the bibliometric search in the two selected 
databases, Scopus and Web of Science. These equa-
tions were carefully constructed to ensure the identi-
fication of relevant data related to biofilm research in 
the context of periodontal disease. Specific keywords, 
synonyms, and Boolean operators were taken into 
account to optimize the completeness and precision of 
the search in each database, thus allowing a complete 
and representative data collection of the existing sci-
entific literature in this research area. To ensure that 
relevant documents were accurately captured in both 
databases and to facilitate the analysis and evaluation 
of research in the area of interest, specialized search 
equations had to be carefully designed, which were: 

For the Scopus database: (TITLE (periodontal) 
AND TITLE (biofilm)) 

For the Web of Science database: (TI= (periodon-
tal) AND TI= (biofilm)).  

Selection process 

It was essential to disclose whether an internal au-
tomated classifier was used to expedite the study 
selection process and whether internal or external 
validation was performed to determine the risk of 
study loss according to the standards outlined in the 
PRISMA 2020 statement (Page et al., 2021). As an in-
ternal tool developed and selected by all researchers 
involved in the project, Microsoft Excel® was used in 
this study to implement automation tools. The use of 
this tool by each researcher independently during the 
application of inclusion and exclusion criteria in the 
selection of studies significantly reduced the risk of 
missing relevant studies or making incorrect classifi-
cations, thanks to the convergence of results and vali-
dation. This strategy helps maintain the reliability and 
accuracy of bibliometrics by ensuring that studies are 
rigorously and consistently selected and categorized 
according to predetermined inclusion criteria. 

Data management 

Microsoft Excel® was used to effectively extract, 
store, and process the data obtained from each of the 
databases selected to carry out this bibliometric study 
focused on the study of biofilms related to periodon-
tal disease. This application was utilized to sort bibli-
ographic data and perform calculations related to 
important bibliometric indicators, ensuring the preci-

sion and consistency of the analysis. Next, the free 
software VOSviewer®, a well-known tool in the field 
of bibliometrics, was employed for the visualization 
and graphical presentation of the bibliometric results 
(Van Eck and Waltman, 2010). Graphs and maps were 
created using VOSviewer® and Microsoft Excel® to 
effectively represent the trends, relationships, and 
patterns found in the scientific literature on biofilms 
and periodontal disease. These tools were extremely 
important in helping us make meaningful inferences 
and visualize the key findings of this bibliometric 
review. 

Data collection process 

The methods used to collect data from bibliometric 
reports to comply with the recommendations were 
described in detail (Page et al., 2021). For the data 
collection process in this study, reports obtained from 
the two selected databases, Scopus and Web of Sci-
ence, were entered into Microsoft Excel® as an auto-
mation tool. It should be noted that all study authors 
assumed the role of reviewers during the compilation 
process, independently evaluating each report using 
predetermined inclusion criteria. The results of the 
authors' individual assessments were then compared 
and discussed by the group as a whole, and the pro-
cess continued until absolute convergence of the col-
lected data was achieved. This methodology contrib-
uted to the integrity and quality of the bibliometrics 
performed on the study of biofilms related to perio-
dontal disease by ensuring a rigorous review and an 
accurate and consistent data collection process. 

Data items 

An exhaustive search was conducted to collect in-
formation from each article that addressed the re-
search objective. This required reviewing all articles 
that specifically mentioned the study of biofilms in 
relation to periodontal disease, taking into account all 
measurements, time points, and analyses available in 
each identified study. However, strict standards were 
applied in the selection process to eliminate data con-
sidered to be contained in "non-relevant texts". These 
texts did not fit the purpose and scope of the research 
because they did not provide an adequate under-
standing of the body of knowledge on the topic. In 
order to ensure consistency in the selection of studies 
and to ensure that only relevant, high-quality records 
were included in the bibliometrics, it was necessary to 
exclude studies with unclear or insufficient infor-
mation. 

Study risk of bias assessment 

As the data collection process was carried out 
jointly by all authors, the risk of bias was assessed in 
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the same way in the included studies. This ensured 
that the risk of bias assessment was rigorous and con-
sistent. This was done using the same automated tool, 
Microsoft Excel®, that was used for data collection. 
Because the methodology was applied collectively 
and according to an established procedure, the accu-
racy and reliability of the results could be guaranteed. 
This contributed to the validity and reliability of the 
conclusions drawn from the bibliometric analysis by 
ensuring an unbiased and consistent assessment of 
the studies included in the bibliometrics. 

Effect measures 

It was important to note that although hazard rati-
os and mean differences were the most commonly 
used measures of effect in primary research, this 
study used different measures based on secondary 
research sources. Instead of specific effect measures, 
bibliometric indicators such as the number of publica-
tions and the number of citations, which provided 
information about the production and influence of 
scientific literature in the field, were analyzed. In ad-
dition, the temporality of the use of each keyword 
was evaluated, providing information about long-
term trends in research. These analyses were carried 
out using software such as VOSviewer®, which made 
it possible to determine thematic association by visu-
alizing nodes in scientific knowledge networks, and 
Microsoft Excel®, which simplified data collection 
and processing. To understand the dynamics and 
evolution of the field of study of biofilms in periodon-
tal diseases from secondary research sources, it was 
essential to understand these measurements and 
methodologies. 

Synthesis methods 

In the course of this bibliometric study on biofilms 
in periodontal diseases, several procedures were car-
ried out to evaluate the eligibility of the studies and to 
prepare the data for analysis and synthesis. All re-
trieved documents were first subjected to inclusion 
and exclusion criteria, which involved a thorough 
examination of the characteristics of the document 
and its compatibility with the objectives of the study. 
In addition, bibliometric indicators of quantity, quali-
ty, and structure of quality measures in scientific pub-
lications were carried out according to the guidelines 
described (Durieux and Gevenois, 2010). These indi-
cators were automatically applied, using Microsoft 
Excel®, to all documents that passed the three exclu-
sion stages described above. This facilitated the 
presentation and synthesis of the results in a convinc-
ing and effective manner and allowed an objective 
and systematic evaluation of the scientific production 
related to biofilms and periodontal disease. 

Reporting bias assessment 

In the context of this bibliometric study of biofilms 
in periodontal disease, it was important to discuss the 
assessment of the risk of bias related to the lack of 
results in a synthesis, which might have resulted from 
reporting bias. The inclusion criteria, search ap-
proach, and data collection in this study had the po-
tential to be biased in favor of specific synonyms 
found in thesauri, such as the Institute of Electrical 
and Electronics Engineers (IEEE). This might have 
resulted in the exclusion of relevant studies that dis-
cussed the topic using unusual or different jargon. 
Furthermore, there was a risk of omitting important 
data that could have significantly improved our un-
derstanding of biofilms and periodontal disease when 
applying exclusion criteria, such as removing confer-
ence proceedings or documents with incomplete in-
dexing. Because it was critical to address this poten-
tial bias, a comprehensive search strategy and strict 
inclusion and exclusion criteria were employed to 
reduce its impact. 

Certainty assessment 

The assessment of certainty in the body of evi-
dence is thoroughly addressed in the context of this 
bibliometric investigation into the study of biofilms in 
periodontal disease. Unlike primary studies, which 
assess certainty separately, this approach assesses 
certainty broadly by independently applying inclu-
sion and exclusion criteria and defining bibliometric 
indicators that reflect the caliber and applicability of 
the selected studies. In addition, they provide a de-
tailed explanation of any potential bias previously 
identified in the methodological design of the re-
search, and the limitations of the study are acknowl-
edged and addressed in the discussion phase. This 
comprehensive strategy makes it possible to assess 
the level of confidence in the body of knowledge pro-
duced by bibliometrics and provides a solid frame-
work for interpreting and contextualizing the results 
of bibliometric analysis. In summary, in Fig. 1, the 
flow chart recommended by PRISMA-2020 is present-
ed to summarize the methodological design. 

Records were identified in the initial phase of this 
bibliometrics on the study of biofilms related to peri-
odontal disease based on the search strategy imple-
mented in each of the selected information sources. 
To ensure the integrity of the database, a significant 
amount of duplication was carried out. The three 
phases of exclusion mentioned above were then car-
ried out: records with incorrect indexing, documents 
that could not be read in their entirety, and records 
that did not meet the predetermined relevance crite-
ria. A total of 112 articles constituted the main corpus 

https://jppres.com/


Romero-Gamboa et al. Biofilms related to periodontal disease 

 

https://jppres.com  J Pharm Pharmacogn Res (2024) 12(5): 916 

 

 

 

 1 

Records identified from: 
Databases (n =261) 
 Scopus (n =154) 
 Web of Science (n =107) 
Registers (n = 0) 

Records removed before 
screening: 

Duplicate records removed  
(n =102) 
Records removed for other 
reasons (n = 0) 

Records screened 
(n = 159) 

Records excluded (n = 0) 

Reports sought for retrieval 
(n =159) 

Reports not retrieved 
(n = 0) 

Reports assessed for eligibility 
(n =159) Reports excluded: 

Incomplete indexing (n =25) 
Non-relevant texts (n =21) 
Conference papers (n =1) 

Studies included in review 
(n =112) 

Id
e

n
ti

fi
c
a

ti
o

n
 

S
c

re
e

n
in

g
 

 
In

c
lu

d
e
d

 

 

Figure 1. PRISMA flow chart. 

Own elaboration based on Scopus and Web of Science. 

 

 

Figure 2. Publications by year.  

Author's elaboration based on Scopus and Web of Science. 

 
of this bibliometric study, once the selection and ex-
clusion process were completed, providing a solid 
basis for the analysis of the study of biofilms in rela-
tion to periodontal disease. 

RESULTS  

Fig. 2 shows a quadratic polynomial growth of 
99.53 percent, illustrating the significant results of the 
current bibliometrics. This result suggested that the 

amount of research conducted on biofilms in relation 
to periodontal diseases had increased steadily and 
rapidly in recent years. It was crucial to note that 
most of the articles on this topic were published in the 
years 2020, 2023, and 2016, indicating a significant 
amount of interest and notable research activity in 
these years. These results provided an in-depth look 
at the development and vitality of the subject area 
under consideration and could be used as a basis for 
further studies and bibliometric analyses in the field. 
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The analysis of the main authors of this biblio-
metric study on the study of biofilms in periodontal 
disease revealed three different groups. First, a group 
of authors led by Colombo APV stood out as excep-
tional both in terms of their scientific production and 
their impact on citations. Secondly, a group of au-
thors, including Kononen E, Sanz M, and Herrera D, 
achieved a significant impact in their work despite 
having a lower level of scientific productivity, which 
indicated the importance of their research. There was 
a third group of authors for whom scientific produc-
tivity was the main factor. In this group, names such 
as Wang L. and Feres M. stood out, although their 
impact in terms of citations may have been relatively 
low compared to other groups. These results demon-
strated the diversity of authors' contributions to the 
field and emphasized the value of both quantity and 
quality in the production of scientific literature on 
biofilms and periodontal diseases (Fig. 3). 

The analysis of the main journals included in this 
bibliometric study on the study of biofilms related to 
periodontal diseases allowed us to distinguish three 
different groups. First, there were the most important 
journals, such as the Journal of Periodontology and 
the Journal of Dental Research, which stood out both 
for their scientific productivity and for their impact in 
terms of citations. The Journal of Clinical Periodon-
tology, for example, was one of the journals that, de-
spite having a lower level of scientific production, 
had a significant impact on the field of science. The 
third group of journals, which focused on clinical oral 
research, was characterized by a high level of scien-
tific productivity. These results demonstrated the 
diversity of journals that contributed to the field of 
study and emphasized the importance of quantity 
and quality in the production of scientific literature 
on biofilms and periodontal diseases (Fig. 4). 

 

 

Figure 3. Main authors.  

Author's elaboration based on Scopus and Web of Science. 

 

 

Figure 4. Major journals.  

Author's elaboration based on Scopus and Web of Science. 
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Figure 5. Main countries.  

Own elaboration based on Scopus and Web of Science. 

 

 
Figure 6. Thematic development.  

Own elaboration based on Scopus and Web of Science. 

 
By analyzing the most important nations involved 

in biofilm research related to periodontal disease, 
three different groups were identified. First, there 
were the most important nations, which stood out for 
both their scientific productivity and their impact in 
terms of citations. Examples included the United 
States, Brazil, and Germany. Second, there were na-
tions such as the Netherlands, which had a low level 
of scientific productivity but a high level of scientific 
impact. Finally, there was a third group of countries, 
led by China, where scientific productivity was the 
key factor. These results demonstrated the geograph-
ical diversity of research on biofilms and periodontal 
diseases and underlined the importance of quantity 

and quality in global scientific production in this field 
(Fig. 5). 

In the current study, as shown in Fig. 6, we exam-
ined the most popular keyword each year from 2000 
to 2023 to analyze the thematic evolution in the litera-
ture related to biofilms in the context of periodontal 
diseases. As a starting point, it can be noted that in 
the year 2000, terms related to "ultrastructure" stood 
out. Recently, the focus of research has changed, and 
more emphasis has been placed on topics such as 
"probiotics", "photodynamic therapy", "Porphyromonas 
gingivalis", "multispecies biofilms", and "virulence". 
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Figure 7. Keyword co-occurrence network.  

Own work based on Scopus and Web of Science. 

 

 

Figure 8. Validity and frequency of keywords.  

Own elaboration based on Scopus and Web of Science. 

 
As shown in Fig. 7, this bibliometric study pre-

sented the main network of keyword co-occurrence 
across a total of 9 thematic clusters. In terms of con-
ceptual affinity, the green group, composed of terms 
such as "Porphyromonas gingivalis", "Fusobacterium 
nucleatum", "biofilm formation", "virulence", "titani-
um", "periodontal pathogens", and "flow cytometry", 
stood out as the most significant. This was followed 

by the yellow group, which contained words such as 
"plaque", "periodontal bacteria", "biomarkers", "photo-
therapy", "periodontal debridement", and "antibacte-
rial". 

As shown in Fig. 8, a Cartesian plane diagram was 
used to evaluate the frequency of keyword usage. 
Declining concepts, represented by keywords such as 
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"subgingival biofilm," which became less relevant 
over time, fell into the fourth quadrant. In quadrant 2, 
terms such as "biofilm multispecies," "antimicrobial," 
"periodontal therapy," and "F. nucleatum" were identi-
fied as emerging terms in research because they were 
uncommon but significantly current, such as "F. nu-
cleatum" and "biofilm formation." 

Finally, in quadrant 1, the consolidated and grow-
ing concepts, such as "periodontal diseases", "Fusobac-
terium nucleatum", "dental plaque", "periodontal path-
ogens", "microbiology", and "Porphyromonas gingi-
valis", maintained their relevance over time and were 
fundamental in the literature on the study of biofilms 
related to periodontal diseases. This method allowed 
for a deeper understanding of the dynamics of re-
search in this field. 

DISCUSSION 

The discussion section plays a fundamental role in 
this bibliometric study of biofilms related to perio-
dontal disease. This section comprehensively analyzes 
the results, highlighting trends, patterns, and key 
findings. The practical implications of these findings 
for periodontal research and clinical practice are also 
explored. Methodological limitations are discussed, 
and a keyword classification is provided that takes 
into account how each keyword is used in the litera-
ture. They also identified the main research gaps that 
emerged from the bibliometric analysis and proposed 
a research agenda to guide future studies in this area, 
contributing to the enrichment of knowledge on the 
relationship between biofilms and periodontal dis-
ease. 

General interpretation of the results 

During the years 2016, 2020, and 2023, an increase 
in the amount of research related to the study of bio-
films in the context of periodontal diseases was ob-
served (Colombo and Tanner, 2019). They conducted 
a study on the role of bacterial biofilm in dental caries 
and periodontal and perimplant diseases. Their find-
ings indicated that the view of the etiology of dental 
caries and periodontal diseases has broadened over 
time. 

Qi et al. (2022) conducted a study in China where 
they investigated antibacterial photodynamic therapy, 
photothermal therapy, and gas therapy loaded with 
S-nitrosothiols (SNO) and ICG in mesoporous silica-
gold-coated nanorods to evaluate their antibacterial 
and anti-inflammatory functions in deep periodontal 
lesions. It was shown that SNO molecules could be 
thermally activated to release nitric oxide (NO) mole-
cules in the area affected by periodontal disease. This 
would help reduce inflammation by blocking the 

formation of pro-inflammatory factors and the NLRP3 
inflammasome. In addition, this nanotechnology plat-
form could be effective in fighting pathogenic bacteri-
al biofilms and regulating the immune response, lead-
ing to beneficial therapies in animal models of perio-
dontal disease. 

Zhang et al. (2019) conducted an investigation to 
evaluate the anti-biofilm properties of infrared excita-
tion upconversion fluorescent nanomaterials contain-
ing chlorine E6 against periodontal pathogens. Ce6 
photosensitizing molecules were combined with up-
conversion nanoparticles (UCNPs). These Ce6-
containing UCNP particles, which emit red upconver-
sion light, show a striking therapeutic effect against 
Porphyromonas gingivalis, Prevotella intermedia, and 
Fusobacterium nucleatum bacteria and associated bio-
films when exposed to 980 nm radiation. This sug-
gests a great potential for its use in the treatment of 
periodontal disease. 

The author Colombo APV has stood out for his 
remarkable scientific production and impact in the 
field of research in citations related to periodontal 
diseases. His research, titled "The role of bacterial 
biofilms in dental caries and periodontal and peri-
implant diseases: a historical perspective," demon-
strated that current studies on the microbiome sug-
gest that caries or periodontitis/peri-implantitis are 
not always directly caused by microorganisms. In-
stead, these diseases appear to develop due to an 
imbalance in the dynamic interactions between the 
bacterial biofilm, the host, and the microbial envi-
ronment (Colombo and Tanner, 2019). 

Könönen E, Sanz M, and Herrera D are a second 
group of authors who, despite having a lower level of 
scientific productivity, achieved a significant impact 
in their work. In their study "Role of microbial bio-
films in the maintenance of oral health and in the 
development of dental caries and periodontal diseas-
es. Consensus report of group 1 of the joint 
EFP/ORCA workshop on the boundaries between 
caries and periodontal disease", they investigated the 
ecological interactions in dental biofilm in health and 
disease, as well as the role of microbial communities 
in the pathogenesis of periodontitis and caries and the 
innate host (Sanz et al., 2017). They showed that the 
current state of knowledge suggests that the etiologies 
of caries and periodontal disease are independent of 
each other and that the elements of innate immunity 
that seem to contribute to resistance to both are 
somewhat coincidental.  

A third group of authors is also recognized, 
among which names such as Wang L. and Feres M. 
stand out, who have carried out various studies, in-
cluding "Targeting pathogenic biofilms: Newly de-
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veloped superhydrophobic coating favors a host-
compatible microbial profile on the titanium surface" 
(Souza et al., 2020) and "Metronidazole alone or with 
amoxicillin as adjuncts to non-surgical treatment of 
chronic periodontitis: a secondary analysis of the mi-
crobiological results of a randomized clinical trial" 
(Soares et al., 2014). Although the impact in terms of 
citations is small, his work covers a larger field of 
study of biofilms and periodontal disease. 

Scientific journals are essential to the dissemina-
tion of information and the advancement of research 
in many fields, including biofilms and periodontal 
disease. "The Journal of Periodontology" and the 
"Journal of Dental Research" have been important 
journals in this regard in terms of productivity and 
impact. It is clear that "The Journal of Periodontology" 
is the leading journal in periodontics and one of the 
most important journals in dentistry, which has con-
tributed significantly to the research of biofilms relat-
ed to periodontal diseases. 

In terms of scientific research on biofilms and per-
iodontal disease, the United States and Brazil are the 
nations that have significantly distinguished them-
selves and made important contributions to the body 
of knowledge in this field. In the case of the United 
States, research has focused on the study of various 
biofilms, periodontal pathogens, and treatment alter-
natives (Herrera et al., 2020), while Brazil stands out 
for its research on biofilms and periodontal disease 
(Vieira Colombo et al., 2016). 

In third place is Germany, which has made a sig-
nificant impact in the field of science with less scien-
tific production. Research such as "A novel technique 
for monitoring the development of bacterial biofilms 
in human periodontal pockets" (Wecke et al., 2000) 
highlights the importance of analyzing the growth of 
periodontal biofilms. 

Early research on periodontal biofilms was largely 
based on the basic idea of the pathogenesis and de-
velopment of these oral diseases; biofilms have re-
ceived much attention in recent years in the context of 
periodontal diseases in order to understand the im-
portance of studying the formation of these microbial 
communities in the oral health of the population (Co-
lombo and Tanner, 2019). 

This initial strategy helped to contextualize and 
highlight the close relationship between the formation 
and organization of biofilms and the development of 
periodontal disease, laying the foundation for subse-
quent studies that have contributed to our under-
standing of the topic. 

The terms "biofilm", "biofilm formation", and "per-
iodontal therapy" have become more relevant in re-
cent research on the topic, which greatly helps in un-
derstanding the study. The study of biofilms in rela-
tion to periodontal disease has shed important light 
on microbial interactions and the pathogenesis of 
these oral diseases. However, despite significant ad-
vances in this field, there are obvious gaps in the sci-
entific literature that require a thorough bibliometric 
analysis. Similarly, a polymicrobial biofilm model 
approach has been developed to evaluate the antimi-
crobial potential of periodontal diseases, highlighting 
the lack of equivalent approaches for the study of 
periodontal diseases (Cunha et al., 2020). 

Innovative therapeutic strategies have also been 
investigated to combat biofilms associated with peri-
odontal diseases (Tonon et al., 2022), evaluating peri-
odontal biofilms for bacterial treatment, thus demon-
strating the adaptability of emerging technologies 
against bacteria and biofilms associated with perio-
dontal diseases.  

The main keyword co-occurrence network of this 
bibliometrics reveals thematic affinity in terms of 
groups. With keywords such as "subgingival biofilm", 
"multispecies biofilm", "antimicrobial" and "periodon-
tal therapy", they are identified as emerging terms in 
research because they are uncommon but significant-
ly current, such as "nucleatum" and "biofilm for-
mation". The importance of understanding the rela-
tionship between periodontal conditions has shed 
important light on microbial interactions and the 
pathogenesis of these oral diseases (Herrero et al., 
2018). 

Finally, there are consolidated and growing con-
cepts, such as "periodontal disease", "Fusobacterium 
nucleatum", "dental plaque", "periodontal pathogens", 
"microbiology" and "Porphyromonas gingivalis", which 
maintain their relevance over time and are fundamen-
tal in the literature on the study of biofilms related to 
periodontal disease. This method allows a deeper 
understanding of the dynamics of research in this 
field. 

The term "oral biofilm" is located in quadrant 2 of 
the Cartesian plane, where it is used less frequently 
than in the past in the scientific literature on biofilm 
formation in periodontal diseases. This concept main-
ly referred to the fundamental role of the formation 
and organization of biofilms acquired during the de-
velopment of periodontal diseases. 

The study has gained interest and importance in 
relation to periodontal diseases. It has been shown 
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Table 1. Classification of keywords according to their function. 

Keyword Associated tools Applications Characteristics 

Multispecies biofilm Confocal microscopy, 

antibacterial agents, 
antimicrobial peptides, 

photodynamic therapy 

Assessment of biofilm 

structure and composition, 
control of microbial 

population in biofilms, and 

selective elimination of 

microorganisms in biofilms. 

It allows the three-dimensional 

observation of biofilms composed of 

various bacterial species. 

Antimicrobial Antibacterial agents, 

antimicrobial peptides, 

photodynamic therapy 

Control of the microbial 

population in biofilms, 
selective elimination of 

microorganisms in biofilms. 

Inhibition or elimination of pathogenic 

microorganisms in biofilms. It uses light 
and photosensitizers to damage 

bacterial cells. 

Periodontal therapy Dental irrigators, 

antibiotics, periodontal 

surgery 

Non-invasive therapy for the 

treatment of periodontal 

disease, selective removal of 
infected tissue, and surgical 

intervention on periodontal 

tissue. 

Facilitates cleaning of periodontal 

pockets and delivery of antimicrobial 

agents. Surgical intervention in 

periodontal tissues. 

F. nucleatum Real-time PCR, bacterial 

culture techniques, oral 

microbiota 

Identification and 

quantification of F. nucleatum 

in biofilms, interactions with 
other bacterial species in 

biofilms. 

Sensitive and specific method for the 

detection of F. nucleatum. Contributes to 

the formation of complex periodontal 

biofilms. 

Biofilm formation Scanning electron 

microscopy, bacterial 

adhesion assays, surface 

biochemistry 

Study of biofilm morphology 

and formation, study of factors 

involved in adhesion. 

Provides detailed visualization of the 

structure and formation of biofilms. 

Analyzes the surface properties of 

surfaces associated with biofilms. 

 
that the pathogenesis and development of periodontal 
diseases are significantly influenced by these dental 
biofilms, which are formed by highly organized mi-
crobial communities. Recent studies have investigated 
various aspects of this relationship using multidisci-
plinary methods to understand biofilms and their 
impact on oral health (Carli et al., 2021). Although 
these ideas may not have been as prevalent in the 
recent literature, their impact on our understanding of 
biofilm in periodontal disease remains important in 
advancing our knowledge in this area. 

The terms "multispecies biofilm" are included in 
quadrant 2 of the Cartesian plane, which represents 
new ideas for studying isolated species of periodontal 
lesions to determine the frequency and expression of 
genes related to adhesion and biofilm formation, 
providing information on the molecular mechanisms 
underlying microbial colonization in this context 
(Uribe-García et al., 2021). 

On the other hand, the term "periodontal therapy" 
refers to the fact that innovative therapeutic strategies 
have also been investigated to combat biofilms asso-
ciated with periodontal disease (Tonon et al., 2022), 
demonstrating the adaptability of emerging technolo-
gies. 

This method allows a deeper understanding of the 
dynamics of the disease and helps to discover more 
effective preventive and therapeutic measures with a 

focus on promoting the study of biofilms acquired 
during periodontal disease. These emerging concepts 
represent a promising direction for research and clini-
cal practice in the field of periodontics. 

Classification of keywords in the study of biofilms 
related to periodontal diseases according to their 
function 

Table 1 presents a classification of the most im-
portant emerging and expanding terms in the study 
of biofilms related to periodontal diseases according 
to their function and with a description of their main 
characteristics and uses. This classification allows for 
a deeper understanding of the diversity of key con-
cepts in this field of research. 

Based on their usage, the keywords have been 
grouped into several categories. These categories in-
clude words such as "structure and composition," 
"microbial population," "biofilm formation," which are 
important to understand the scope of the topic be-
cause they relate to the study of periodontal biofilms. 
Other keywords emphasize the value of successful 
public health and clinical care initiatives by highlight-
ing aspects of prevention and control, such as "perio-
dontal therapy". The inclusion of terms such as "iden-
tification and quantification" emphasizes the im-
portance of research in developing sensitive and spe-
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cific methods for identifying and studying periodon-
tal biofilms. 

Implications  

Decision-making on oral health and public health 
policies will be significantly influenced by the imple-
mentation of bibliometrics on biofilm research trends 
in periodontal disease. A shift in the research focus of 
the field is indicated by the thematic evolution from 
the study of socioeconomic status to more modern 
ideas such as survival analysis, oral hygiene habits, 
and prevalence. This indicates that researchers are 
placing more emphasis on the study of biofilm for-
mation in periodontal disease, which in turn may lead 
to more effective prevention and treatment methods. 

The discovery of the main thematic group, com-
posed of the keywords multispecies biofilm, antimi-
crobial, periodontal therapy, biofilm formation, re-
veals the conceptual affinities around the quality of 
life and dental care of the population. By emphasizing 
the importance of addressing these related issues 
comprehensively, this information may be useful to 
health professionals and policy planners. The appear-
ance of these terms indicates that these aspects are 
gaining in importance in the scientific literature. At 
the same time, it suggests a greater emphasis on these 
issues, which may have implications for future policy. 

For this reason, the present research is useful, as it 
is necessary to continue research on the formation of 
biofilm composed of different bacterial species in-
volved in the development of periodontal diseases in 
the population. 

Limitations 

A thorough description of the research in this area 
is provided by the current bibliometrics on the study 
of biofilms of periodontal diseases, which was carried 
out using the PRISMA-2020 methodology and data-
bases such as Scopus and Web of Science. However, it 
is essential to specify some limitations to which this 
type of bibliometric analysis is subject. First, the abil-
ity of databases to find relevant publications based on 
the search terms and strategies used depends to a 
large extent on the accuracy and completeness of the 
results. It is likely that they have overlooked research 
published in other sources or languages that would 
also improve our knowledge in the field, since the 
scope of this bibliometrics is limited to the selected 
databases. 

The selection of keywords and the definition of 
thematic groups can be arbitrary and change accord-
ing to the standards of the researcher, so two strong 
limitations need to be taken into account. Likewise, 
bibliometrics does not take into account subsequent 

research that may have been carried out, since it is 
based on data available up to the cut-off date. Finally, 
although we used VOSviewer to visualize the key-
word co-occurrence network, configuration, and fil-
tering options may affect how the tool deciphers topic 
affinity and clustering. Such limitations highlight the 
need for future research in this area to have a broader 
focus and consider a variety of information sources to 
achieve a complete understanding of the develop-
ment and trends in periodontal biofilm research. 

Research gaps 

To advance knowledge in this scientific area, fu-
ture research must address the major research gaps 
identified in the study of periodontal biofilms, which 
are summarized in Table 2. The first of these is the 
need for more in-depth research into the dynamics of 
periodontal biofilms in in vivo environments, which 
would allow a more precise understanding of how 
these microorganisms interact in the context of perio-
dontal disease and how they respond to different 
treatments. 

Research on biofilm in periodontal disease has re-
vealed several significant gaps that require attention 
to provide a more complete understanding of the 
problem. One of the most important gaps identified 
relates to thematic gaps. There is a need to further 
investigate the long-term effects of therapies on peri-
odontal biofilms, and we still need to understand how 
microgravity conditions might interact with each 
other and affect disease development. The interaction 
of these is essential to address the problem in its en-
tirety. In addition, despite the proposed preventive 
interventions, more robust evidence is needed on 
their long-term effectiveness in specific populations. 

From a geographical perspective, significant geo-
graphical gaps have been identified. Specifically, re-
search in developing countries and underserved 
communities has glaring disparities in care, highlight-
ing the need for targeted strategies to improve access 
to dental care in such areas. This gap reinforces the 
need to continue studies on biofilm formation in peri-
odontal disease in different regions. 

At the interdisciplinary level, there is a perceived 
lack of interdisciplinary collaboration to address is-
sues in spatial environments of integration between 
health and social data. Collaboration between health 
professionals and social scientists can provide valua-
ble input and a deeper understanding of how socio-
economic and health factors interact and influence 
biofilm in periodontal disease. Finally, with regard to 
temporal gaps, the urgency of conducting more longi-
tudinal studies that follow the population over time is 
highlighted. 
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Table 2. Research gaps.  

Category Investigative gap Justification of the gap Questions for future research 

Thematic Gaps Long-term effects of 

therapies on periodontal 

biofilms 

There is a need to 

understand the durability of 

therapies. 

How do current therapies affect the 

composition and virulence of 

periodontal biofilms over time? 

Multispecies biofilms in 

microgravity 

Microgravity is an 

understudied environment. 

What are the effects of microgravity on 
the formation and virulence of 

multispecies biofilms associated with 

periodontal disease? 

Geographic Gaps Research in developing 

countries 

There is a lack of research 

representation in developing 

countries. 

What are the key differences in the 

prevalence and severity of biofilm-

associated periodontal disease 
between developed and developing 

countries, and how can these 

differences be addressed? 

Interdisciplinary Gaps Collaboration between 

Dentistry and Space 

Sciences 

Interdisciplinary 

collaboration is needed to 
solve problems in the space 

environment. 

How can dentists and space scientists 

work together to understand and 
address oral health challenges in space 

environments? 

Temporal Gaps Long-term monitoring of 

changes in biofilm 

composition 

It is necessary to understand 

the temporal dynamics of the 

oral microbiota. 

How does the composition of 

periodontal biofilms change over time, 

and how do these changes relate to the 

progression of periodontal disease? 

Long-term effects of 

therapies on periodontal 

biofilms 

The long-term effects of 

these therapies are unclear. 

What long-term interventions are 

necessary to maintain periodontal 

health after initial therapy in patients 

with biofilm-associated periodontal 

disease? 

Author's compilation based on Scopus and Web of Science. 

 
Research agenda for future research 

In periodontal diseases, the pathogenesis, for-
mation, and development of biofilms play a funda-
mental role, as they are highly organized microbial 
communities adhering to biological surfaces charac-
terized by their extracellular matrix and their ability 
to resist conventional treatments. In the field of peri-
odontal diseases, it is known that dental biofilms are 
mainly composed of anaerobic bacteria and have been 
identified as key etiological factors in periodontal 
disease and periodontal tissue loss. Future research 
could focus on identifying and classifying these bacte-
rial communities, studying their structure and com-
position, and determining which ones are most sus-
ceptible to disease development. 

Survival analysis is a powerful statistical tool that 
has been used in biofilm studies to analyze the time to 
onset of events such as periodontal disease. Its im-
portance lies in providing a more accurate under-
standing of the disease and how risk factors can affect 
its occurrence and how they interact with each other 
as the disease develops. Future studies could use sur-
vival analysis to identify specific risk factors that in-
crease the likelihood of a population developing peri-
odontal disease. In turn, the control of the microbial 

population within the biofilm could be studied by 
selectively eliminating the microorganisms that make 
up the biofilm. 

One of the most important factors in the preven-
tion of early childhood caries is good oral hygiene 
habits. The importance of this idea lies in how chil-
dren's dental health can be affected by brushing, floss-
ing, and other oral hygiene practices. Future studies 
could examine the effectiveness of different methods 
to promote good oral hygiene in young children, as 
well as the usability and acceptability of oral hygiene 
tools and products designed for this population. It 
would also be beneficial to investigate how oral hy-
giene practices can be successfully integrated into the 
daily care routines of children and families. 

Epidemiology is essential to understanding early 
childhood caries because it provides information on 
prevalence, distribution, and associated risk factors. 
Although this idea is well established, further re-
search into the epidemiology of dental caries in spe-
cific populations, such as vulnerable communities, 
may help to identify patterns and trends that can be 
used to develop more effective preventive measures. 
In addition, epidemiological research could investi-
gate how new variables, such as parental influence 
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Figure 9. Research agenda.  

Author's elaboration based on Scopus and Web of Science. 

 
and oral hygiene habits, interact with social and eco-
nomic determinants to influence early caries in differ-
ent childhood populations. 

Risk factors for early childhood caries continue to 
be significantly influenced by socioeconomic status. 
Despite its historical importance, current research can 
examine how economic disparities affect community 
access to preventive dental care and levels of child-
hood nutrition. Future studies could also investigate 
effective strategies to reduce socioeconomic dispari-
ties in the prevalence of early caries and improve 
access to oral health care for children from families 
with limited resources in rural areas without health 
care systems. 

In order to continue to prevent tooth decay in ear-
ly childhood, childhood nutrition is essential because 
this disease is sugar-dependent, meaning that its de-
velopment is based on high sugar consumption. Fu-
ture research can examine how feeding practices and 
nutritional counseling, such as bottle use and the in-
troduction of solid foods, affect children's oral health, 

although this is a growing idea. To develop healthy 
dietary strategies to prevent early caries in different 
contexts and communities, an interdisciplinary ap-
proach is required that combines pediatric dentistry 
and child nutrition, and that these go hand in hand in 
the support and counseling of the child patient and 
his or her environment (Fig. 9). 

CONCLUSION 

After the exhaustive bibliometric research carried 
out in this document, it can be interpreted that a con-
stant and rapid increase in the study of biofilms of 
periodontal diseases has been demonstrated in recent 
years. It is crucial to note that the majority of articles 
on this topic were published in the years 2016, 2020, 
and 2023, indicating a growing interest in and re-
markable research activity related to the study of 
biofilms of periodontal diseases. This demonstrates 
the awareness of the importance of addressing this 
oral health problem in the population and highlights 
the need to continue research in this area. Likewise, it 
shows that the field of research continues to expand, 
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proving the increased concern of the scientific com-
munity to understand and address the study of bio-
films of periodontal diseases. 

As for the main references in this field, there are 
authors such as Colombo APV, who stand out both in 
terms of his scientific production and his impact on 
citations. Kononen E, Sanz M, and Herrera D, despite 
having a lower level of scientific productivity, achieve 
a significant impact in their work, which indicates the 
importance of their research. These results demon-
strate the diversity of the authors' contributions to the 
field and emphasize the value of producing scientific 
literature on biofilms and periodontal disease. 

In addition, journals such as the Journal of Perio-
dontology and the Journal of Dental Research stand 
out for both their scientific productivity and their 
impact in terms of citations. This trend highlights the 
importance of both quantity and quality in the pro-
duction of scientific literature and points to specific 
areas of interest for future research. 

On the other hand, research on biofilms in perio-
dontal disease has advanced significantly, providing 
a deeper understanding of their pathogenesis. Alt-
hough remarkable progress has been made, there are 
still gaps in knowledge that require more precise bib-
liometric analysis and therapeutic approaches. Inno-
vative therapies have been explored, demonstrating 
the adaptability of emerging technologies in the 
treatment of periodontal biofilms, which promises to 
improve the understanding and treatment of these 
diseases in the future. 

In turn, the keyword analysis reveals the appear-
ance of emerging terms such as "subgingival biofilm" 
and "antimicrobial", reflecting the current attention in 
periodontal disease research. At the same time, con-
solidated terms such as "periodontal disease" main-
tain their relevance over time. This bibliometric ap-
proach provides an understanding of the dynamics of 
research in the field and highlights the importance of 
balancing the exploration of new areas with the con-
solidation of key knowledge. 

Finally, the bibliometric analysis highlights the 
thematic evolution of research on biofilms in perio-
dontal disease, with the transition from traditional 
socioeconomic approaches to more modern concepts 
such as biofilm formation. This has important practi-
cal implications for decision-making in oral health 
and public health policy. Emerging key terms such as 
"multispecies biofilm", "antimicrobial" and "periodon-
tal therapy" reflect the growing attention to quality of 
life and dental care that may influence future policy. 
In addition, research gaps were identified, such as the 
need for longitudinal studies, interdisciplinary col-

laboration, and greater attention to underserved 
communities in developing countries. 

In this regard, in terms of research trends, interdis-
ciplinary collaboration has become a crucial aspect in 
the study of biofilms related to periodontal diseases. 
Collaboration among various disciplines, such as 
microbiology, dentistry, biomedical engineering, and 
immunology, has increased, indicating a more com-
prehensive and holistic approach to addressing this 
complex oral health issue. This trend demonstrates 
the increasing recognition that periodontal diseases 
and their associated biofilms are complex phenomena 
that necessitate interdisciplinary approaches for pre-
vention, diagnosis, and treatment. Collaborating 
across various research areas can result in greater 
innovation and progress in comprehending and man-
aging periodontal diseases, as well as in creating 
more efficient and individualized therapies to combat 
biofilms. 
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